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Forest Amphibians Jefferson salamander Ambystoma jeffersonianum ST        

 Marbled salamander Ambystoma opacum    SE     

 Silvery Salamander Ambystoma platineum SE        

 Mole Salamander Ambystoma talpoideum  SE       

 Green salamander Aneides aeneus  SE     SE  

 Birds Long-eared owl Asio otis   ST ST     

 Red-shouldered hawk Buteo lineatus   SE ST    ST 

 Chuck-will’s-widow Caprimulgus carolinensis ST        

 Black-billed cuckoo Coccyzus erythropthalmus ST        

 Spruce grouse  Dendragapus canadensis        ST 

 Acadian flycatcher Empidonax virescens        ST 

 Merlin Falco columbarius    ST     

 Worm-eating warbler  Helmitheros vermivorum        SE 

 Mississippi kite Ictinia mississippiensis ST        

 Swainson's warbler Limnothlypis swainsonii SE     SE   

 Kentucky warbler  Oporornis formosus        ST 

 Louisiana waterthrush Seiurus motacilla    ST     

 Cerulean warbler Setophaga cerulea ST SE  ST    ST 

 Hooded warbler  Setophaga citrina        ST 

 Yellow-throated warbler Setophaga dominica    ST    SE 

 Bewick's wren Thryomanes bewickii SE        

 Golden-winged warbler Vermivora chrysoptera  SE       

 Bell’s vireo Vireo bellii        ST 
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 Insects Six-banded longhorn beetle Dryobius sexnotatus    ST     

 Dukes’ skipper Euphyes dukesi    ST     

 None Lithophane semiusta       SE  
 Northern blue butterfly Lycaeides idas    SE    SE 
 None Ufeus plicatus       SE  
 None Ufeus satyricus       SE  
 Mammals Red-backed vole Clethrionomys gapperi   SE      
 Cougar Felis concolor    SE     
 American marten Martes americana        SE 
 Eastern wood rat Neotoma floridana SE        
 Allegheny woodrat Neotoma magister  SE     SE  
 Smoky shrew Sorex fumeus    ST     
 Spotted skunk Spilogale putorius   SE  ST    
 Swamp rabbit Sylvilagus aquaticus  SE       
 Black bear Ursus americanus       SE  
 Evening bat Nycticeius humeralis  SE  ST    ST 
 Reptiles Copperhead Agkistrodon contortrix   SE      
 Western worm snake Carphophis amoenus vermis   ST      
 Scarletsnake Cemophora coccinea  SE       
 Timber rattlesnake Crotalus horridus ST SE   ST  SE  
 Wood turtle Glyptemys insculpta   SE  ST   ST 
 Coachwhip Masticophis flagellum SE        
 Western ratsnake Pantherophis obsoletus     ST    
 Queen snake Regina septemvittata        SE 
 Southeastern crowned snake Tantilla coronata  SE       
 Flathead snake Tantilla gracilis ST        
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 Ornate box turtle Terrapene ornata ST SE ST     SE 

Grassland Amphibians Eastern spadefoot Scaphiopus holbrookii       SE  

 Arachnids Species of jumping spider Tutelina formicaria     ST    

 Birds Baird's sparrow Ammodramus bairdii     SE    

 Henslow’s sparrow Ammodramus henslowii  SE ST SE SE   ST 

 Short-eared owl Asio flammeus SE SE SE SE     

 Burrowing owl Athene cunicularia     SE    

 Upland sandpiper Bartramia longicauda SE SE     SE ST 

 Cattle egret Bubulcus ibis       SE  

 Swainson's hawk Buteo swainsoni SE        

 Chestnut-collared longspur Calcarius ornatus     SE    

 Lark sparrow Chondestes grammacus       SE  

 Northern harrier Circus cyaneus SE SE SE   SE SE  

 Peregrine falcon Falco peregrinus    SE  SE  SE 

 Loggerhead shrike Lanius ludovicianus SE SE   SE  SE SE 

 Migrant loggerhead shrike Lanius ludovicianus migrans    SE     

 Prairie warbler Setophaga discolor    SE     

 Greater prairie-chicken Tympanuchus cupido SE     SE  ST 

 Barn owl Tyto alba ST SE SE SE   ST  

 Insects Red-tailed or Red-veined prairie 
leafhopper 

Aflexia rubranura ST       SE 

 Leafhopper Athysanella incongrua SE        

 A leafhopper Attenuipyga vanduzeei        SE 

 Frosted elfin Callophrys irus       SE  

 Three-staff underwing Catocala amestris    SE     

 Ringlet Coenonympha tullia   SE      
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 Unexpected cycnia Cycnia inopinatus       SE  

 Persius dusky wing Erynnis persius    ST SE  SE  

 Pink-streak Faronta rubripennis       ST  

 An issid planthopper Fitchiella robertsoni        ST 

 River leafhopper Flexamia huroni    ST     

 Silvery blue Glaucopsyche lygdamus   ST      

 Assiniboia skipper Hesperia assiniboia     SE    

 Cobweb skipper Hesperia metea SE        

 Ottoe skipper Hesperia ottoe SE   ST SE   SE 

 Uncas skipper Hesperia uncas     SE    

 Henry’s elfin Incisalia henrici    ST     

 Frosted elfin Incisalia irus    ST    ST 

 Hoary elfin Incisalia polios SE        

 Garita skipper Oarisma garita     ST    

 Uhler's arctic Oeneis uhleri varuna     SE    

 Silphium borer moth Papaipema silphii    ST   SE SE 

 Prairie leafhopper Polyamia dilata        ST 

 Byssus skipper Problema byssus   ST      

 None Radotanypus florens       ST  

 Phlox moth Schinia indiana    SE    SE 

 Leadplant moth Schinia lucens    SE     

 Mammals Black-tailed jackrabbit Lepus californicus      SE   

 Prairie vole Microtus ochrogaster    SE     

 Plains pocket mouse Perognathus flavescens   SE      

 Eastern harvest mouse Reithrodontomys humulis       ST  

 Franklin’s ground squirrel Spermophilus franklinii ST SE       
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 Plains spotted skunk Spilogale putorius interrupta      SE   

 Northern pocket gopher Thomomys talpoides     ST    

 Reptiles Six-lined racerunner Aspidoscelis sexlineata    ST     

 Prairie rattlesnake Crotalus viridis   SE      

 Great plains skink Eumeces obsoletus   SE      

 Plains hog-nosed snake Heterodon nasicus ST  SE      

 Speckled kingsnake Lampropeltis getulus   ST      

 Smooth greensnake Opheodrys vernalis  SE     SE  

 Slender glass lizard Ophisaurus attenuatus   ST     SE 

 Great plains rat snake Pantherophis emoryi SE        

 Eastern fox snake Pantherophis gloydi    ST     

 Prairie massasauga Sistrurus tergeminus tergeminus      SE   

 Butler’s gartersnake Thamnophis butleri  SE       

 Plains gartersnake Thamnophis radix       SE  

 Lined snake Tropidoclonion lineatum ST        

Aquatic Amphibians Hellbender Cryptobranchus alleganiensis SE SE       

 Eastern hellbender Cryptobranchus alleganiensis 
alleganiensis 

     SE SE  

 Mudpuppy Necturus maculosus ST  ST      

 Birds Trumpeter swan Cygnus buccinator  SE  ST   ST  

 Common moorhen Gallinula chloropus    ST     

 Common gallinule Gallinula galeata SE SE       

 Common loon Gavia immer    ST     

 Osprey Pandion haliaetus SE SE       

 Bachman’s Sparrow Peacaea aestivalis      SE   

 Horned grebe Podiceps auritus     SE    
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 Red-necked grebe Podiceps grisegena        SE 

 Caspian tern Sterna caspia    ST    SE 

 Bivalves Mucket Actinonaias ligamentina     ST    

 Elktoe Alasmidonta marginata     ST    

 Slippershell Alasmidonta viridis ST  SE ST    ST 

 Cylinder Anodontoides ferussacianus   ST      

 Rock pocketbook Arcidens confragosus     SE   ST 

 Purple wartyback Cyclonaias tuberculata ST  ST ST SE   SE 

 Butterfly Ellipsaria lineolata ST  ST  ST  SE SE 

 Elephantear Elliptio crassidens SE    SE SE SE  

 Spike Elliptio dilatata ST    ST    

 Ebonyshell Fusconaia ebena SE    SE SE SE SE 

 Ozark pigtoe Fusconaia ozarkensis   SE      

 Longsolid Fusconaia subrotunda  SE     SE  

 Wavyrayed lampmussel Lampsilis fasciola SE   ST     

 Sharp-ridged pocketbook Lampsilis ovata       SE  

 Yellow/slough sandshell Lampsilis teres     SE  SE SE 

 Yellow sandshell Lampsilis teres anodontoides   SE      

 Slough sandshell Lampsilis teres teres   SE      

 Creek heelsplitter Lasmigona compressa   ST      

 Flutedshell Lasmigona costata     ST    

 Eastern pondmussel Ligumia nasuta    SE   SE  

 Black sandshell Ligumia recta ST   SE   ST  

 Pondmussel Ligumia subrostrata     ST    

 Washboard Megalonaias nervosa     SE  SE  

 Threehorn wartyback Obliquaria reflexa    SE   ST  
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 Hickorynut Obovaria olivaria    SE     

 Round hickorynut Obovaria subrotunda  SE  SE     

 Bullhead Plethobasus cyphyus   SE      

 Ohio pigtoe Pleurobema cordatum SE      SE  

 Pyramid pigtoe Pleurobema rubrum  SE     SE  

 Round pigtoe Pleurobema sintoxia   SE      

 Pink papershell Potamilus ohiensis    ST     

 Kidneyshell Ptychobranchus fasciolaris SE        

 Round lake floater Pyganodon subgibbosa    ST     

 Monkeyface Quadrula metanevra     ST  SE ST 

 Wartyback Quadrula nodulata     ST  SE ST 

 Salamander mussel Simpsonaias ambigua SE   SE SE   ST 

 Strange floater Strophitus undulatus   ST      

 Purple lilliput Toxolasma lividus SE   SE   SE  

 Lilliput Toxolasma parvus    SE     

 Buckhorn Tritogonia verrucosa   SE  SE   ST 

 Fawnsfoot Truncilla donaciformis    ST ST  ST ST 

 Pondhorn Unimerus tetralasmus       ST  

 Ellipse Venustaconcha ellipsiformis   ST  ST   ST 

 Bluff vertigo Vertigo meramecensis     ST    

 Rainbow Villosa iris SE       SE 

 Little spectaclecase Villosa lienosa ST      SE  

 Fish Lake sturgeon Acipenser fulvescens SE SE SE ST  SE SE  

 Skipjack herring Alosa chrysochloris     SE   SE 

 Northern cavefish Amblyopsis spelaea  SE       

 Western sand darter Ammocrypta clara SE  ST      
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 Eastern sand darter Ammocrypta pellucida ST   ST     

 American eel Anguilla rostrata ST      ST  

 Pirate perch Aphredoderus sayanus       SE  

 Longnose sucker Catostomus catostomus ST      SE  

 Redside dace Clinostomus elongatus  SE  SE     

 Cisco Coregonus artedi ST   ST   SE  

 Siskiwit lake cisco Coregonus bartletti    ST     

 Ives lake cisco Coregonus hubbsi    ST     

 Shortjaw cisco Coregonus zenithicus    ST     

 Crystal darter Crystallaria asprella ST    SE SE  SE 

 Blue sucker Cycleptus elongatus       ST ST 

 Gravel chub Erimystax x-punctatus ST    ST   SE 

 Western creek chubsucker Erimyzon claviformis    SE     

 Lake chubsucker Erimyzon sucetta       ST  

 Grass pickerel Esox americanus   ST      

 Bluebreast darter Etheostoma camurum SE  SE     SE 

 Iowa darter Etheostoma exile ST     SE SE  

 Swamp Darter Etheostoma fusiforme      SE   

 Harlequin darter Etheostoma histrio SE     SE   

 Spotted darter Etheostoma maculatum       SE  

 Least darter Etheostoma microperca   SE      

 Goldstripe Darter Etheostoma parvipinne      SE   

 Orangethroat darter Etheostoma spectabile   ST      

 Tippecanoe darter Etheostoma tippecanoe       ST  

 Variegate darter Etheostoma variatum  SE       

 Redfin Darter Etheostoma whipplei      SE   
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 Tonguetied minnow Exoglossum laurae       ST  

 Spring Cavefish Forbesichthys agassizii      SE   

 Banded killifish Fundulus diaphanus ST        

 Western banded killifish Fundulus diaphanus menona       SE  

 Starhead topminnow Fundulus dispar ST       SE 

 Plains topminnow Fundulus sciadicus     ST    

 Goldeye Hiodon alosoides       SE SE 

 Mooneye Hiodon tergisus    ST     

 Brassy minnow Hybognathus hankinsoni ST        

 Cypress minnow Hybognathus hayi SE     SE   

 Bigeye chub Hybopsis amblops SE        

 Pallid shiner Hybopsis amnis SE SE   SE   SE 

 Ohio lamprey Ichthyomyzon bdellium       SE  

 Chestnut lamprey Ichthyomyzon castaneus   ST      

 Northern brook lamprey Ichthyomyzon fossor SE SE     SE  

 Mountain brook lamprey Ichthyomyzon greeleyi       SE  

 Black buffalo Ictiobus niger     ST   ST 

 Least brook lamprey Lampetra aepyptera ST        

 American brook lamprey Lampetra appendix ST  ST      

 Spotted gar Lepisosteus oculatus       SE  

 Shortnose gar Lepisosteus platostomus       SE  

 Longear sunfish Lepomis megalotis        ST 

 Redspotted sunfish Lepomis miniatus SE        

 Bantam sunfish Lepomis symmetricus ST SE       

 Burbot Lota lota   ST      

 Striped shiner Luxilus chrysocephalus        SE 
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 Redfin shiner Lythrurus umbratilis        ST 

 Sturgeon chub Macrhybopsis gelida SE        

 Shoal chub Macrhybopsis hyostoma       SE ST 

 River redhorse or Redhorse sucker Moxostoma carinatum ST   ST    ST 

 Black redhorse Moxostoma duquensnei   ST     SE 

 Greater redhorse Moxostoma valenciennesi SE SE     ST  

 River chub Nocomis micropogon SE        

 Pugnose shiner Notropis anogenus SE  SE SE ST   ST 

 Popeye shiner Notropis ariommus       SE  

 Bigeye shiner Notropis boops SE      ST  

 Ironcolor shiner Notropis chalybaeus ST        

 Bigmouth shiner Notropis dorsalis       ST  

 Blackchin shiner Notropis heterodon ST        

 Blacknose shiner Notropis heterolepis SE  ST      

 Taillight shiner Notropis maculatus SE     SE   

 Ozark minnow Notropis nubila        ST 

 Silver shiner Notropis photogenis    SE     

 Sabine Shiner Notropis sabinae      SE   

 Weed shiner Notropis texanus SE  SE      

 Mountain madtom Noturus eleutherus      SE ST  

 Slender madtom Noturus exilis     SE   SE 

 Freckled madtom Noturus nocturnus   SE      

 Northern madtom Noturus stigmosus SE   SE   SE  

 Pugnose minnow Opsopoeodus emiliae    SE   SE  

 Channel darter Percina copelandi  SE  SE   ST  

 Gilt darter Percina evides  SE     SE ST 
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 Longnose Darter Percina nasuta      SE   

 River darter Percina shumardi    SE   ST  

 Southern redbelly dace Phoxinus erythrogaster    SE     

 Flathead Chub Platygobio gracilis      SE   

 Paddlefish Polyodon spathula     ST  ST ST 

 Brook trout Salvelinus fontinalis       ST  

 Sauger Sander canadensis    ST     

 Shovelnose sturgeon Scaphirhynchus platorynchus      SE SE  

 Pearl dace Semotilus margarita   SE      

 Central Mudminnow Umbra limi      SE   

 Gastropods Hydrobiid cave snail Fontigens antroecetes SE        

 Bugle fossaria Fossaria cyclostoma    ST     

 Onyx rocksnail Leptoxis praerosa SE        

 Shawnee rocksnail Lithasia obovata SE        

 Broadshoulder physa Physella parkeri    ST     

 Acorn ramshorn Planorbella multivolvis    SE     

 An aquatic snail Planorbella smithi    SE     

 Deepwater pondsnail Stagnicola contracta    SE     

 Petoskey pondsnail Stagnicola petoskeyensis    SE     

 Insects Pecatonica River mayfly Acanthametropus pecatonica        SE 

 None Apsectrotanypus johnsoni       ST  

 None Bethbilbeckia floridensis       ST  

 American emerald Cordulia shurtleff       SE  

 Robust springfly Diploperla robusta SE        

 Racket-tailed emerald Dorocordulia libera       SE  

 Boreal bluet Enallagma boreale       ST  
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 Northern bluet Enallagma cyathigerum       ST  

 Marsh bluet Enallagma ebrium       ST  

 A caddisfly Goera stylata     ST    

 Harlequin darner Gomphaeschna furcillata       ST  

 Plains clubtail Gomphus externus       SE  

 Green-faced clubtail Gomphus viridifrons       ST  

 Uhler’s sundragon Helocordulia uhleri       SE  

 A caddisfly Hydroptila albicornis       ST  

 A caddisfly Hydroptila artesa       ST  

 A caddisfly Hydroptila koryaki       ST  

 A caddisfly Hydroptila rono     ST    

 A caddisfly Hydroptila talledaga       ST  

 A caddisfly Hydroptila valhalla       ST  

 A caddisfly Hydroptila waskesia     SE    

 A caddisfly Ironoquia punctatissima     ST    

 Lilypad forktail Ischnura kellicotti       SE  

 Blue corporal Ladona deplanata       SE  

 Chalk-fronted corpora Ladona julia       SE  

 A caddisfly Lepidostoma libum     ST    

 Frosted whiteface Leucorrhinia frigida       SE  

 Yellow-sided skimmer Libellula flavida       SE  

 A caddisfly Limnephilus janus     SE    

 A caddisfly Limnephilus rossi     ST    

 A caddisfly Limnephilus secludens     SE    

 A mayfly Litobrancha recurvata       SE  

 Elfin skimmer Nannothemis bella ST      SE  
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 A caddisfly Ochrotrichia spinosa     SE    

 A caddisfly Oecetis ditissa     ST    

 A caddisfly Oecetis eddlestoni       SE  

 Extra-striped snaketail Ophiogomphus anomalus        SE 

 Riffle snaketail Ophiogomphus carolus       ST  

 Pygmy snaketail Ophiogomphus howei    ST     

 Saint Croix snaketail Ophiogomphus susbehcha     ST   SE 

 A caddisfly Oxyethira ecornuta     ST    

 A caddisfly Parapsyche apicalis     ST    

 A caddisfly Polycentropus glacialis     ST    

 A caddisfly Polycentropus milaca     SE    

 Central forestfly Prostoia completa SE        

 A caddisfly Psilotreta indecisa       ST  

 A midge Radotanypus florens       ST  

 A midge Rheopelopia acra       SE  

 Spatterdock darner dragonfly Rhionaeschna mutata        ST 

 A mayfly Rhithrogena pellucida       SE  

 Incurvate emerald Somatochlora incurvata        SE 

 Brush-tipped emerald Somatochlora walshii       SE  

 Knobel's riffle beetle Stenelmis knobeli        SE 

 Grey petaltail Tachopteryx thoreyi    ST     

 A caddisfly Ylodes frontalis     ST    

 Fern cave isopod Caecidotea filicispeluncae       SE  

 Crayfish and 
Similar 

Frost cave isopod Caecidotea rotunda       ST  

 Unnamed cave isopod Caecidotea sp. nov.       SE  

 Cavespring crayfish Cambarus tenebrosus       ST  
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 Anomalous spring amphipod Crangonyx anomalus SE        

 Packard's cave amphipod Crangonyx packardi SE        

 Indiana crayfish Orconectes indianensis SE        

 Kentucky crayfish Orconectes kentuckiensis SE        

 Shrimp crayfish Orconectes lancifer SE        

 Bigclaw crayfish Orconectes placidus SE        

 Sloan’s crayfish Orconectes sloanii       ST  

 Iowa amphipod Stygobromus iowae SE        

 Cottonmouth Agkistrodon piscivorus  SE       

 Reptiles Smooth softshell Apalone mutica SE        

 Western chicken turtle Deirochelys reticularia miaria      SE   

 Yellow mud turtle Kinosternon flavescens SE  SE   SE   

 Eastern mud turtle Kinosternon subrubrum  SE       

 Alligator snapping turtle Macrochelys temminckii SE SE       

 Mississippi green watersnake Nerodia cyclopion ST     SE   

 Southern watersnake Nerodia fasciata SE        

 Diamondback watersnake Nerodia rhombifera   ST      

 Lake erie watersnake Nerodia sipedon insularum       ST  

 River cooter Pseudemys concinna SE SE       

 Common musk turtle Sternotherus odoratus   ST      

 Northern cricket frog Acris crepitans     SE   SE 

Wetland Amphibians Blanchard’s cricket frog Acris crepitans blanchardi    ST     

 Blue-spotted salamander Ambystoma laterale   SE    SE  

 Smallmouth salamander Ambystoma texanum    SE     

 Spotted dusky salamander Desmognathus conanti SE        

 Eastern narrow-mouthed toad Gastrophryne carolinensis ST        
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 Four-toed salamander Hemidactylium scutatum ST        

 Bird-voiced treefrog Hyla avivoca ST        

 Crawfish frog Lithobates areolatus  SE SE      

 Plains leopard frog Lithobates blairi  SE       

 Central newt Notophthalmus viridescens   ST      

 Illinois chorus frog Pseudacris illinoensis ST        

 Mud salamander Pseudotriton montanus       ST  

 Red salamander Pseudotriton ruber  SE       

 American bittern Botaurus lentiginosus SE SE    SE SE  

 Birds Black tern Chlidonias niger SE SE     SE SE 

 Marsh wren Cistothorus palustris  SE       

 Sedge wren Cistothorus platensis  SE       

 Yellow rail Coturnicops noveboracensis    ST    ST 

 Little blue heron Egretta caerulea SE        

 Snowy egret Egretta thula SE     SE SE  

 Sandhill crane Grus canadensis       SE  

 Least bittern Ixobrychus exilis ST SE  ST   ST  

 Black rail Laterallus jamaicensis SE SE       

 Yellow-crowned night-heron Nyctanassa violaceus SE SE      ST 

 Black-crowned night-heron Nycticorax nycticorax SE SE     ST  

 Wilson's phalarope Phalaropus tricolor SE    ST    

 King rail Rallus elegans SE SE SE SE SE SE SE  

 Virginia rail Rallus limicola  SE       

 Forster’s tern Sterna forsteri SE   ST    SE 

 Common tern Sterna hirundo SE   ST ST  SE SE 

 Yellow-headed blackbird Xanthocephalus xanthocephalus SE SE       
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 Silver-bordered fritillary Boloria selene       ST  

 Insects Swamp metalmark Calephelis muticum SE      SE SE 

 Crimson saltflat tiger beetle Cicindela fulgida fulgida     SE    

 Crimson saltflat tiger beetle Cicindela fulgida westbournei     ST    

 None Cicindela hirticollis       ST  

 Pointed sallow Epiglaea apiata       SE  

 Baltimore Euphydryas phaeton   ST      

 None Fagitana littera       ST  

 None Hypocoena enervata       SE  

 Purplish copper Lycaena helloides       SE  

 Mulberry wing Poanes massasoit   ST      

 Ohio cave beetle Pseudanophthalmus ohioensis       SE  

 None Spartiniphaga inops       SE  

 Regal fritillary Speyeria idalia ST   SE   SE SE 

 Least shrew Cryptotis parva   ST ST     

 Mammals Southern bog lemming Synaptomys cooperi   ST      

 Spotted turtle Clemmys guttata SE SE  ST   ST  

 Reptiles Kirtland’s snake Clonophis kirtlandii ST SE  SE   ST  

 Blanding's turtle Emydoidea blandingii ST SE ST  ST SE ST  

 Western ribbonsnake Thamnophis proximus        SE 

 Eastern- or Northern ribbonsnake Thamnophis sauritus ST       SE 

 Cave salamander Eurycea lucifuga       SE  

Unique 
Habitat 

Amphibians Buckskin cave pseudoscorpion Apochthonius hobbsi       SE  

Arachnids Frigid ambersnail Catinella gelida   SE      

Gastropods Iowa pleistocene snail Discus macclintocki   SE      

Minnesota pleistocene ambersnail Novisuccinea new species A   SE      
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Iowa pleistocene ambersnail Novisuccinea new species B   SE      

Briarton pleistocene vertigo Vertigo briarensis   SE      

Bluff vertigo Vertigo meramecensis   SE      

Iowa pleistocene vertigo Vertigo new species   SE      

Wayward nymph Catocala antinympha       ST  

Insects Beach-dune tiger beetle or Hairy-
necked tiger beetle 

Cicindela hirticollis rhodensis     SE   SE 

Ghost tiger beetle Cicindela lepida     ST    

Sandy tiger beetle Cicindela limbata nympha     SE    

Cobblestone tiger beetle Cicindela marginipennis       ST  

None Melanchra assimilis       SE  

None Papaipema beeriana       SE  

Grizzled skipper Pyrgus centaureae wyandot       SE  

None Tricholita notata       SE  

Huron locust Trimerotropis huroniana    ST    SE 

Graceful underwing Catocala gracilis       SE  

Unknown Insects Hebard’s noctuid moth Erythroecia hebard       SE  

None Sideridis artesta       SE  

None Spartiniphaga panatela       ST  

Rafinesque’s big-eared bat Corynorhinus rafinesquii SE SE       

Forest and 
Unique 

Mammals Eastern small-footed bat Myoits leibii ST SE       

Big brown bat Eptesicus fuscus        ST 

Eastern pipistrelle or tricolored bat Perimyotis subflavus        ST 

Southeastern bat Myotis austroriparius SE        

Southeastern bat Myotis austroriparius SE        
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Siberian yarrow Achillea alpina     ST    

Indian rice grass Achnatherum hymenoides     SE    

Blue monkshood Aconitum uncinatum  SE       

Moschatel or Muskroot Adoxa moschatellina SE       ST 

Gattinger’s gerardia Agalinas gattingeri    SE     

Skinner’s gerardia Agalinas skinneriana    SE     

Eared false or Earleaf foxglove Agalinis auriculata  ST   SE    

Round-stemmed false foxglove Agalinis gattingeri     SE    

Pale false foxglove Agalinis skinneriana SE ST       

Round-stemmed false foxglove Agalinus gattingerii   ST      

Pale false foxglove Agalinus skinneriana   SE     SE 

Blue giant-hyssop Agastache foeniculum   SE      

Prairie or pale agoseris Agoseris glauca    ST     

Beaked agrimony Agrimonia rostellata    ST     

Winter bentgrass Agrostis hyemalis     SE    

Nodding wild onion Allium cernuum   ST      

Wild chives Allium schoenoprasum    ST SE    

Speckled alder Alnus incana subsp rugosa SE        

Running serviceberry Amelanchier humilis  SE       

Shadbush Amelanchier interior SE        

Shadbush Amelanchier sanguinea SE        

Small round-leaved orchis Amerorchis rotundifolia    SE     

Marram grass or Beachgrass Ammophila breviligulata SE    ST    

Fragrant false indigo Amorpha nana   ST      
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Smooth false indigo Amorpha nitens SE        

Bog rosemary Andromeda glaucophylla SE        

Rock-jasmine Androsace occidentalis  ST  SE     

Carolina anemone Anemone caroliniana        SE 

Hudson bay anemone Anemone multifida var multifida        SE 

Rosy pussytoes Antennaria rosea    SE     

Drummond rockcress Arabis drummondii  SE       

Missouri rockcress Arabis missouriensis var deamii  SE       

Spreading rockcress Arabis patens  SE       

Rock cress Arabis perstellata    ST     

Bristly sarsaparilla Aralia hispida  SE       

Bearberry Arctostaphylos uva-ursi SE  SE      

Large-leaved sandwort Arenaria macrophylla        SE 

Pitcher's stitchwort Arenaria patula  SE       

Slimspike three-awn or Three-awned grass Aristida longespica    ST SE    

Beach- or Seaside three-awned grass Aristida tuberculosa    SE ST    

Virginia snakeroot Aristolochia serpentaria   ST ST     

Lake cress Armoracia aquatica  SE  ST     

Lake cress Armoracia lacustris    ST    SE 

Heart-leaved arnica Arnica cordifolia    SE     

Longleaf arnica Arnica lonchophylla    SE ST    

Tuberous indian plantain Arnoglossum plantagineum     ST    

Great indian plantain Arnoglossum reniforme     ST    

Black chokeberry Aronia melanocarpa   SE      

Dragon wormwood Artemisia dracunculus SE        

Western mugwort Artemisia ludoviciana    ST     
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Clasping milkweed Asclepias amplexicaulis     ST    

Eared milkweed Asclepias engelmanniana   SE      

Tall green milkweed Asclepias hirtella    ST ST    

Woolly milkweed Asclepias lanuginosa SE  ST     ST 

Dwarf milkweed Asclepias ovalifolia    SE    ST 

Purple milkweed Asclepias purpurascens    ST    SE 

Showy milkweed Asclepias speciosa   ST      

Narrow-leaved green milkweed Asclepias stenophylla SE  SE  SE    

Prairie milkweed or Sullivan's milkweed Asclepias sullivantii    ST ST   ST 

Green milkweed Asclepias viridis  SE       

Bradley's spleenwort Asplenium bradleyi SE SE       

Mountain spleenwort Asplenium montanum  SE       

Black spleenwort Asplenium resiliens SE SE       

Walking fern Asplenium rhizophyllum    ST     

Wall-rue Asplenium ruta-muraria    SE     

Hart’s-tongue fern Asplenium scolopendrium    SE     

Maidenhair spleenwort Asplenium trichomanes     ST    

Green spleenwort Asplenium trichomanes-ramosum        SE 

Drummond’s aster Aster drummondii    ST     

Ricebutton aster Aster dumosus   SE      

Forked aster Aster furcatus SE  ST ST     

Rush aster Aster junciformis   ST      

Flax-leaved aster Aster linariifolius   ST      

Large-leaved aster Aster macrophyllus   SE      

Great northern aster Aster modestus    ST     

Schreber’s aster Aster schreberi  SE SE      
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Western silvery aster Aster sericeus    ST     

Alpine milk vetch Astragalus alpinus        SE 

Alpine milk-vetch Astragalus alpinus var alpinus     SE    

Canadian milk vetch Astragalus canadensis    ST     

Prairie plum Astragalus crassicarpus        SE 

Large ground plum Astragalus crassicarpus var trichocalyx SE        

Bent milk vetch Astragalus distortus SE        

Coopers milk vetch Astragalus neglectus        SE 

Tennessee milk vetch Astragalus tennesseensis SE        

Fern-leaved false foxglove Aureolaria pedicularia   SE  SE    

Carolina mosquito-fern Azolla caroliniana  ST       

Roundleaf water-hyssop Bacopa rotundifolia  ST   ST    

Cream wild indigo Baptisia leucophaea    SE     

Yellow wild indigo Baptisia tinctoria SE        

Panicled screwstem Bartonia paniculata ST   ST     

Yellow bartonia Bartonia virginica     SE    

American slough grass Beckmannia syzigachne SE   ST     

American barberry Berberis canadensis  SE       

Supple-jack Berchemia scandens SE        

Cut-leaved water parsnip or Stream parsnip Berula erecta   ST ST ST    

Kitten tails Besseya bullii SE SE ST SE ST   ST 

Yellow birch Betula alleghaniensis SE        

Gray birch Betula populifolia  SE       

Bog birch Betula pumila   ST      

Beck water-marigold Bidens beckii  ST       

Alpine bistort Bistorta vivipara     ST    
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Pagoda plant Blephilia ciliata   ST      

Holboell's rock cress Boechera retrofracta     ST    

Moonwort Botrychium acuminatum    SE     

Upswept moonwort Botrychium ascendens     SE    

Southern grape fern Botrychium biternatum SE        

Prairie moonwort or dunewort Botrychium campestre ST   ST    SE 

Frenchman’s bluff moonwort Botrychium gallicomontanum     SE    

Lellinger western moonwort Botrychium hesperium    ST     

Narrow triangle moonwort Botrychium lanceolatum ssp angustisegmentum     ST    

Slender moonwort Botrychium lineare     SE    

Moonwort Botrychium lunaria     ST   SE 

Daisyleaf grape fern Botrychium matricariifolium SE  SE      

Goblin- or Moonwort fern Botrychium mormo    ST ST   SE 

Leathery grapefern Botrychium multifidum SE  ST      

Blunt-lobed grapefern Botrychium oneidense     ST    

Dwarf grape fern Botrychium simplex SE SE ST      

Spatulate moonwort Botrychium spathulatum    ST SE    

Side-oats grama grass Bouteloua curtipendula    SE     

Blue grama Bouteloua gracilis SE        

Northern shorthusk Brachyelytrum aristosum  SE       

Low northern rock cress Braya humilis    ST     

Pumpelly’s bromegrass Bromus pumpellianus    ST     

Bluehearts Buchnera americana SE SE       

Wooly buckthorn Bumelia lanuginosa SE        

Buckthorn Bumelia lycioides  SE       

Sweet indian-plantain Cacalia suaveolens   ST      
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Sea rocket Cakile edentula SE        

Hollow reed grass Calamagrostis insperata SE        

Northern reedgrass Calamagrostis lacustris    ST     

Reed bent grass Calamagrostis porteri ssp insperata  ST       

Porter's reedgrass Calamagrostis porteri ssp porteri  SE       

Purple reedgrass Calamagrostis purpurascens     SE    

Narrow-leaved reedgrass Calamagrostis stricta    ST     

Sand reed Calamovilfa longifolia        ST 

Water arum or wild calla Calla palustris SE SE       

Poppy mallow Callirhoe alcaeoides   ST      

Clustered poppy-mallow Callirhoe triangulata  SE SE      

Large water starwort Callitriche heterophylla     ST   ST 

Oklahoma grass pink orchid Calopogon oklahomensis SE SE       

Grass pink orchid Calopogon tuberosus SE        

Floating marsh marigold Caltha natans     SE   SE 

Cup-seed Calycocarpum lyonii  ST       

Calypso orchid Calypso bulbosa        ST 

Wild hyacinth Camassia angusta SE SE       

Wild hyacinth Camassia scilloides        SE 

Cuckoo flower Cardamine pratensis     ST    

Cuckoo flower Cardamine pratensis var palustris SE        

Winged sedge Carex alata SE        

Foxtail sedge Carex alopecoidea  SE       

Black sedge Carex arctata  SE       

Arkansas sedge Carex arkansana SE        

Awned sedge Carex atherodes  SE       
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Sedge Carex atlantica SE        

Atlantic sedge Carex atlantica ssp atlantica  ST       

Howe sedge Carex atlantica ssp capillacea  SE       

Golden sedge Carex aurea SE        

Land of gold sedge Carex aureolensis  SE       

Bebb's sedge Carex bebbii  ST       

Sedge Carex bromoides SE        

Brownish sedge Carex brunnescens SE SE       

Bush's sedge Carex bushii  ST       

Silvery sedge Carex canescens var disjuncta SE        

Carey’s sedge Carex careyana     SE   ST 

Cordroot sedge Carex chordorrhiza SE SE SE      

Fibrous-rooted sedge Carex communis SE        

Beautiful sedge Carex concinna        ST 

Jointed sedge Carex conjuncta     ST    

Prairie gray sedge Carex conoidea  ST       

Crawe sedge Carex crawei  ST       

Crawford’s sedge Carex crawfordii SE        

Crow-spur or Raven’s-foot sedge Carex crus-corvi    SE    SE 

Yellow sedge Carex cryptolepis SE        

Clustered sedge Carex cumulata SE SE       

Davis' sedge Carex davisii     ST    

Cypress-knee sedge Carex decomposita SE ST       

Sedge Carex diandra SE        

Shortleaf or softleaf sedge Carex disperma SE SE       

Little prickly sedge Carex echinata SE SE       
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Coast sedge Carex exilis        ST 

Fescue sedge Carex festucacea     ST    

Yellow sedge Carex flava  ST       

Handsome sedge Carex formosa SE    SE   ST 

Elk sedge or Garbers sedge Carex garberi SE ST   ST   ST 

Large sedge Carex gigantea SE ST       

Heavy sedge Carex gravida  SE       

Bay sedge Carex heleonastes    SE     

Plains sedge Carex heliophila SE        

Swollen sedge Carex intumescens SE        

James' sedge Carex jamesii     ST    

Smooth-sheathed sedge Carex laevivaginata     ST   SE 

Loose-culmed sedge Carex laxiculmis     ST    

Lenticular sedge Carex lenticularis        ST 

Finely-nerved sedge Carex leptonervia  SE       

Mud sedge Carex limosa  SE       

Livid sedge Carex livida  SE       

Hop-like sedge Carex lupuliformis        SE 

Intermediate sedge Carex media        SE 

Michaux’s sedge Carex michauxiana        ST 

Black sedge Carex nigra    SE     

Black-edged sedge Carex nigromarginata SE        

New England sedge Carex novae-angliae     ST    

Oklahoma sedge Carex oklahomensis  SE       

Few-seeded sedge Carex oligosperma SE        

Sharp-scaled sedge Carex oxylepis SE        
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Pale sedge Carex pallescens     SE    

Bellow’s beak sedge Carex physorhyncha SE        

Plaintain-leaved sedge Carex plantaginea SE    SE    

Broad-leaved sedge Carex platyphylla    SE     

Drooping sedge Carex prasina SE        

Cyperus-like sedge Carex pseudocyperus  SE       

Reniform sedge Carex reniformis SE        

Retrorse sedge Carex retrorsa  SE       

Richardson sedge Carex richardsonii  ST       

Ross' sedge Carex rossii     ST    

Rough sedge Carex scabrata  SE       

Schweinitz’s sedge Carex schweinitzii        SE 

Thinleaf sedge Carex sparganioides var cephaloidea  SE       

Sterile sedge Carex sterilis     ST    

Straw sedge Carex straminea  ST  SE     

Weak arctic sedge Carex supina ssp spaniocarpa     SE    

Timid sedge Carex timida  SE       

Three-seeded sedge Carex trisperma SE        

Tuckerman's sedge Carex tuckermanii SE        

Little green sedge Carex viridula SE        

Willdenow's sedge Carex willdenowii SE        

Water hickory Carya aquatica SE        

Pale hickory or sand hickory Carya pallida SE SE       

Black hickory Carya texana  SE       

American chestnut Castanea dentata    SE     

Northern paintbrush Castilleja septentrionalis     SE    
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Downy yellow painted cup Castilleja sessiliflora SE        

Brook grass Catabrosa aquatica        SE 

Prairie redroot Ceanothus herbaceus SE SE       

Wild chervil Chaerophyllum procumbens var shortii  ST       

Leatherleaf Chamaedaphne calyculata SE        

Devil's-bit Chamaelirium luteum SE SE       

Rock-rose Chamaerhodos nuttallii    SE     

Seaside spurge Chamaesyce polygonifolia SE        

Wild oats Chasmanthium latifolium    SE     

Purple turtlehead Chelone obliqua    SE     

Spotted wintergreen Chimaphila maculata SE        

Pipsissewa Chimaphila umbellata SE  ST      

Pipsissewa Chimaphila umbellata ssp cisatlantica  ST       

Hairy golden-aster Chrysopsis villosa  ST       

American golden-saxifrage Chrysosplenium americanum  ST       

Golden saxifrage Chrysosplenium iowense   ST  SE    

American bugbane Cimicifuga americana SE        

False bugbane Cimicifuga racemosa SE        

Appalachian bugbane or black cohosh Cimicifuga rubifolia SE SE       

Small enchanter's nightshade Circaea alpina SE        

Hill's thistle or Prairie thistle Cirsium hillii  SE      ST 

Pitcher's (dune) thistle Cirsium pitcheri SE ST      ST 

Yellowwood Cladrastis kentukea SE ST       

Blue jasmine Clematis crispa SE        

Mountain clematis Clematis occidentalis SE        

Leatherflower Clematis viorna SE        
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Clinton lily Clintonia borealis  SE       

Long-bract green orchis Coeloglossum viride var virescens  ST       

Violet collinsia Collinsia violacea SE        

Slender Dayflower Commelina erecta   ST  SE    

Sweetfern Comptonia peregrina SE        

Hemlock parsley Conioselinum chinense SE SE      SE 

Spotted coralroot orchid Corallorhiza maculata SE  ST      

Silky dogwood Cornus amomum ssp amomum  SE       

Bunchberry Cornus canadensis SE SE ST      

Golden corydalis Corydalis aurea SE  ST      

Large-bracted corydalis Corydalis curvisiliqua   SE      

Pale corydalis Corydalis sempervirens SE ST ST      

Beaked hazelnut Corylus cornuta SE        

Pigmyweed Crassula aquatica     ST    

A hawthorn Crataegus arborea  SE       

Biltmore hawthorn Crataegus biltmoreana  SE       

Fineberry hawthorn Crataegus chrysocarpa  SE       

Grand hawthorn Crataegus grandis  SE       

Kellogg hawthorn Crataegus kelloggii  SE       

Scarlet hawthorn Crataegus pedicellata  ST       

Illinois hawthorn Crataegus prona  SE       

Green hawthorn Crataegus viridis  ST       

Elliptical rushfoil Crotonopsis elliptica  SE       

Cusp dodder Cuscuta cuspidata  SE       

Pretty dodder Cuscuta indecora  SE       

Cynosciadium Cynosciadium digitatum SE        
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Short-pointed umbrella-sedge Cyperus acuminatus     ST    

Toothed sedge Cyperus dentatus  SE       

Umbrella sedge Cyperus grayoides SE        

Houghton's nutsedge Cyperus houghtonii  SE       

Galingale Cyperus lancastriensis SE        

Moccasin flower Cypripedium acaule SE        

Rams-head ladys-slipper or Ram's head orchid Cypripedium arietinum     ST   ST 

White ladys-slipper Cypripedium candidum        ST 

Small yellow lady's slipper Cypripedium parviflorum SE        

Showy lady’s-slipper Cypripedium reginae SE  ST      

Laurentian fragile fern Cystopteris laurentiana SE        

Silky prairie-clover Dalea villosa   SE      

Mullein-foxglove Dasistoma macrophylla    SE     

Swamp-loosestrife Decodon verticillatus   SE      

Wild blue larkspur Delphinium carolinianum SE        

Hay-scented fern Dennstaedtia punctilobula SE        

Divided toothwort Dentaria multifida  SE       

Hairgrass or Slender hairgrass Deschampsia flexuosa SE    ST    

Big tick trefoil Desmodium cuspidatum var longifolium     ST    

Stemless tick trefoil Desmodium nudiflorum     ST    

Obovate beak grass Diarrhena obovata     SE   SE 

Northern panic-grass Dichanthelium boreale SE  SE      

Panic grass Dichanthelium joori SE        

Slim-leaved panic-grass Dichanthelium linearifolium   ST      

Round-seed panic-grass Dichanthelium polyanthes    SE     

Hemlock panic grass Dichanthelium portoricense SE        
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Ravenel’s panic grass Dichanthelium ravenelii SE        

Panic grass Dichanthelium yadkinense SE        

Wild mudwort Dicliptera brachiata  SE       

Water-purslane Didiplis diandra  SE       

Narrow-leaved spleenwort Diplazium pycnocarpon     ST    

Jeweled shooting star Dodecatheon amethystinum   ST      

French’s shootingstar Dodecatheon frenchii SE        

Shooting star Dodecatheon meadia    SE     

Prairie shooting star Dodecatheon meadia var meadia     SE    

Hoary whitlow grass Draba cana     SE   SE 

Whitlow grass Draba cuneifolia SE        

Smooth whitlow grass Draba glabella    SE     

English sundew Drosera anglica        ST 

Narrow-leaved sundew Drosera intermedia SE        

Linear-leaved sundew Drosera linearis        ST 

Round-leaved sundew Drosera rotundifolia SE  SE      

Log fern Dryopteris celsa SE SE       

Glandular wood fern Dryopteris intermedia   ST      

Marginal shield fern Dryopteris marginalis   ST  SE    

Pale purple coneflower Echinacea pallida        ST 

Creeping bur-head Echinodorus cordifolius  SE       

Little bur-head Echinodorus parvulus  SE       

Dwarf burhead Echinodorus tenellus SE   SE     

Purple spike rush Eleocharis atropurpurea    SE     

Glades spikerush Eleocharis bifida  SE       

Horse-tail spikerush Eleocharis equisetoides  SE       
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Olivaceous spikerush Eleocharis flavescens     ST    

Capitate spike-rush Eleocharis geniculata  ST       

Black-fruited spike-rush Eleocharis melanocarpa  ST       

Small-fruited spike-rush Eleocharis microcarpa  SE  SE     

Slender spike rush Eleocharis nitida    SE    SE 

Capitate spikerush Eleocharis olivacea SE        

Dwarf spike-rush Eleocharis parvula    SE     

Few-flowered spikerush Eleocharis pauciflora SE        

Angle-stemmed spikerush Eleocharis quadrangulata        SE 

Robbins’ spikerush Eleocharis robbinsii     ST    

Beaked spike rush Eleocharis rostellata SE    ST   ST 

Wolf spike-rush Eleocharis wolfii     SE   SE 

Leaf waterweed Elodea bifoliatatwo     SE    

Bearded wheat grass Elymus trachycaulus SE        

Thickspike wheatgrass Elytrigia dasystachya ssp psammophila        ST 

Purple crowberry Empetrum atropurpureum     SE    

Black crowberry Empetrum nigrum     SE    

Fireweed Epilobium angustifolium  SE       

Downy willow herb Epilobium strictum SE        

Meadow horsetail Equisetum pratense SE        

Dwarf scouring rush Equisetum scirpoides SE        

Woodland horsetail Equisetum sylvaticum SE SE ST      

Variegated horsetail Equisetum variegatum  SE       

Harbinger-of-spring Erigenia bulbosa        SE 

Bitter fleabane Erigeron acris var kamtschaticus     SE    

Short ray fleabane Erigeron lonchophyllus     ST    
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Pipewort Eriocaulon aquaticum  SE       

Slender cottongrass Eriophorum gracile  ST ST      

Rusty cotton grass Eriophorum virginicum SE        

Eryngo Eryngium prostratum SE        

Prairie-rocket wallflower Erysimum capitatum  ST       

Yellow trout lily Erythronium americanum   ST      

Ball cactus Escobaria vivipara     SE    

American strawberry bush Euonymus americanus SE        

White thoroughwort Eupatorium album  ST       

Hyssop-leaved thoroughwort Eupatorium hyssopifolium SE        

Pink thoroughwort Eupatorium incarnatum  ST       

Upland boneset Eupatorium sessilifolium    ST ST    

Tinted spurge Euphorbia commutata    ST     

Bluntleaf spurge Euphorbia obtusata  SE       

Matted broomspurge Euphorbia serpens  SE       

Spurge Euphorbia spathulata SE        

Eyebright Euphrasia hudsoniana    ST     

Eyebright Euphrasia nemorosa    ST     

Forked aster Eurybia furcata        ST 

Western fescue Festuca occidentalis        ST 

Cluster fescue Festuca paradoxa  ST       

Rough fescue Festuca scabrella    ST     

Queen-of-the-prairie Filipendula rubra SE  ST ST     

Annual fimbry Fimbristylis annua  SE       

Carolina fimbry or Chestnut sedge Fimbristylis puberula  SE   SE   SE 

Hairy fimbry fimbry Fimbristylis puberula var interior     SE    
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Vahl's fimbry Fimbristylis vahlii SE        

False mermaid Floerkea proserpinacoides   SE  ST    

Woodland strawberry Fragaria vesca var americana  SE       

Pumpkin ash Fraxinus profunda    ST     

Blue ash Fraxinus quadrangulata   ST     ST 

Dwarf umbrella-sedge or umbrella grass Fuirena pumila  ST  ST    SE 

Boykin's dioclea Galactia mohlenbrockii SE        

Showy orchis Galearis spectabilis    ST     

Bedstraw Galium kamtschaticum    SE     

Bog bedstraw Galium labradoricum   SE      

Dwarf bedstraw Galium virgatum SE        

Slender-stalked gaura Gaura filipes  ST       

Black huckleberry Gaylussacia baccata   ST  ST    

White gentian Gentiana flavida    SE     

Narrow-leaved gentian Gentiana linearis    ST     

Downy gentian Gentiana puberulenta  ST  SE     

Striped gentian Gentiana villosa  SE       

Small stiff gentian Gentianella quinquefolia    ST     

Northern commandra Geocaulon lividum        SE 

Northern cranesbill Geranium bicknellii SE SE       

Herb-robert Geranium robertianum  ST       

Round stemmed false foxglove Gerardia gattingeri        ST 

Purple avens Geum rivale  SE       

Prairie smoke Geum triflorum    ST     

Hart’s-tongue fern Ghandi americanum    SE     

Bowman’s root Gillenia trifoliata    SE     
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Water-locust Gleditsia aquatica  SE       

Sharp-scaled manna-grass Glyceria acutiflora  SE       

Arkansas mannagrass Glyceria arkansana SE        

Small floating manna-grass Glyceria borealis  SE       

American manna-grass Glyceria grandis  SE       

Slender manna grass Glyceria melicaria    ST     

Woodland everlasting Gnaphalium sylvaticum    ST     

Hedge-hyssop Gratiola aurea    ST     

Hedge hyssop Gratiola quartermaniae SE        

Annual hedge hyssop Gratiola virginiana    ST     

Oak fern Gymnocarpium dryopteris SE  ST      

Northern oak fern Gymnocarpium jessoense    SE     

Limestone oak fern or scented oak fern Gymnocarpium robertianum SE   ST     

Tubercled orchid Habenaria flava var herbiola        ST 

Stickseed Hackelia deflexa var americana SE        

Silverbell tree Halesia carolina SE        

Witch-hazel Hamamelis virginiana     ST    

Sweet-smelling indian-plantain Hasteola suaveolens     SE    

Alpine sainfoin Hedysarum alpinum    SE     

Narrow-leaved sunflower or swamp sunflower Helianthus angustifolius SE SE       

Tall sunflower Helianthus giganteus SE        

Downy sunflower Helianthus mollis    ST     

Slender heliotrope Heliotropium tenellum SE ST       

Drummond hemicarpha Hemicarpha drummondii  SE       

Mud plantain Heteranthera limosa     ST    

Mud plantain Heteranthera reniformis SE        
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Crested coralroot orchid Hexalectris spicata SE        

Hairy-fruited hibiscus Hibiscus moscheutos ssp lasiocarpos  SE       

Panicled hawkweed Hieracium paniculatum    ST     

Featherfoil Hottonia inflata  ST       

False heather or povertygrass or sand-heather or 
beach heather 

Hudsonia tomentosa SE ST SE  ST    

Cliff clubmoss or rock fir moss Huperzia porophila SE    ST    

Green violet Hybanthus concolor   ST  SE    

Goldenseal Hydrastis canadensis    ST SE    

American water-pennywort Hydrocotyle americana  SE       

One-flowered hydrolea Hydrolea uniflora SE        

Carolina woollywhite or old plainsman Hymenopappus scabiosaeus ST SE       

Creeping john’s-wort Hypericum adpressum SE SE  ST     

Northern st johnswort Hypericum boreale   SE      

Coppery st john's-wort Hypericum denticulatum  ST       

Pineweed Hypericum gentianoides   SE      

Clasping-leaved st john's-wort Hypericum gymnanthum  SE       

Kalm's st john's wort Hypericum kalmianum SE        

Great st john's-wort Hypericum pyramidatum  ST       

Round-fruited john’s-wort Hypericum sphaerocarpum    SE    ST 

Winterberry Ilex verticillata   SE      

Kankakee globe-mallow Iliamna remota SE SE       

Purple rocket Iodanthus pinnatifidus     SE    

Wild potato vine or man-of-the-earth Ipomoea pandurata    ST     

Bloodleaf Iresine rhizomatosa SE        

Butler’s quillwort Isoetes butleri SE        
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Engelmann's quillwort or appalachian quillwort Isoetes engelmannii  SE  SE     

Black-based or prairie quillwort Isoetes melanopoda  ST SE  SE    

Virginia willow Itea virginica  SE       

Twinleaf Jeffersonia diphylla   ST      

Butternut Juglans cinerea     SE    

Richardson’s rush Juncus alpinoarticulatus ST        

Jointed rush Juncus articulatus  SE   SE    

Short-fruited rush Juncus brachycarpus    ST     

Marginated rush Juncus marginatus     SE    

Bayonet rush Juncus militaris  SE  ST     

Brown-fruited rush Juncus pelocarpus  SE       

Scirpus-like rush Juncus scirpoides  ST  ST     

Secund rush Juncus secundus  SE       

Bog- or moor rush Juncus stygius    ST    SE 

Slender rush Juncus subtilis     SE    

Vasey’s rush Juncus vaseyi SE   ST     

Ground juniper Juniperus communis ST        

Creeping juniper Juniperus horizontalis SE  ST      

Water willow Justicia americana   SE ST     

Water willow Justicia ovata SE        

Dwarf dandelion Krigia virginica   SE      

Woodland lettuce Lactuca floridana    ST     

Tamarack Larix laricina ST        

Beach peavine Lathyrus maritimus var glaber  SE       

Pale vetchling peavine Lathyrus ochroleucus ST SE       

Smooth veiny pea Lathyrus venosus  ST       



U.S. Fish and Wildlife Service 

 Appendix B  
Special Status Plants 

 

Midwest Wind Energy Multi-Species HCP EIS Draft EIS 
B-20 

April 2016 
 

 

Common Name Scientific Name Il
li

n
o

is
 

In
d

ia
n

a 

Io
w

a 

M
ic

h
ig

an
 

M
in

n
es

o
ta

 

M
is

so
u

ri
* 

O
h

io
* 

W
is

co
n

si
n

 

Michaux leavenworthia Leavenworthia uniflora  SE       

Savanna or savannah pinweed Lechea intermedia SE        

Illinois pinweed Lechea racemulosa  SE       

Narrow-leaved pinweed Lechea tenuifolia var tenuifolia     SE    

Hairy pinweed Lechea villosa   ST      

Catchfly grass Leersia lenticularis     ST    

Least duckweed Lemna minima  SE       

Pale duckweed Lemna valdiviana  SE       

Amazon sprangle-top Leptochloa panicoides  SE       

Slender bush clover Lespedeza virginica        ST 

Lesquereux's mustard Lesquerella globosa  SE       

Silvery bladderpod Lesquerella ludoviciana SE       ST 

Cleft conobea Leucospora multifida   SE      

Dotted blazing star Liatris punctata        SE 

Cattail gay-feather Liatris pycnostachya  ST       

Nondo lovage Ligusticum canadense  SE       

American frog's-bit Limnobium spongia  SE       

Twinflower Linnaea borealis   ST      

Sandplain flax Linum intercursum  SE       

Virginia flax Linum virginianum    ST     

Auricled twayblade Listera auriculata     SE   SE 

Broad-leaved twayblade Listera convallarioides        ST 

Narrow-leaved puccoon Lithospermum incisum  SE       

Whiskbroom parsley Lomatium foeniculaceum   SE      

Western parsley Lomatium orientale   ST      

American fly-honeysuckle Lonicera canadensis  SE       
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Red honeysuckle Lonicera dioica var glaucescens SE        

Yellow honeysuckle Lonicera flava SE        

Banks black twinberry or fly honeysuckle Lonicera involucrata    ST    SE 

Cylindric-fruited seedbox Ludwigia glandulosa  ST       

Globe-fruited false-loosestrife Ludwigia sphaerocarpa  SE  ST     

Wild lupine Lupinus perennis   ST      

Hairy woodrush Luzula acuminata SE SE       

Small-flowered wood rush Luzula parviflora    ST ST    

Bog clubmoss Lycopodiella inundata SE SE SE      

Beitel clubmoss Lycopodiella margaritae    ST     

Northern appressed bog clubmoss Lycopodiella subappressa  SE       

Running clubmoss Lycopodium clavatum SE  SE      

Tree clubmoss Lycopodium dendroideum SE SE ST      

Rock clubmoss Lycopodium porophilum   ST      

Sessile-leaved bugleweed Lycopus amplectens  SE       

Virginia water-horehound Lycopus virginicus    ST     

Annual skeletonweed Lygodesmia rostrata   SE      

Climbing fern Lygodium palmatum  SE  SE     

Sea milkwort Lysimachia maritima     SE    

Creeping loosestrife Lysimachia radicans SE        

Cucumber magnolia Magnolia acuminata  SE       

Umbrella magnolia Magnolia tripetala  SE       

Bog adder's mouth Malaxis paludosa     SE    

Green adder's-mouth Malaxis unifolia  SE       

Narrow-leaved crabapple Malus angustifolia SE        

False mallow Malvastrum hispidum SE        
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Hairy waterclover Marsilea vestita   ST  SE    

Climbing milkweed Matelea decipiens SE        

Striped hedge hyssop Mecardonia acuminata  SE       

Indian cucumber root Medeola virginiana SE        

Water marigold Megalodonta beckii SE  SE      

White melanthera Melanthera nivea SE        

Virginia bunchflower Melanthium virginicum ST SE       

Two-flowered melic grass Melica mutica SE        

Three-flower melic grass Melica nitens  ST   ST    

Smith melic grass Melica smithii        SE 

Creeping cucumber or squirting cucumber Melothria pendula ST SE       

Stickleaf Mentzelia oligosperma SE        

Bog buckbean Menyanthes trifoliata ST  ST      

Northern lungwort Mertensia paniculata   SE      

Virginia bluebells Mertensia virginica    SE     

Climbing hempweed Mikania scandens  SE       

Winged monkeyflower Mimulus alatus   ST      

Yellow monkey flower Mimulus glabratus SE  ST      

Rock sandwort Minuartia dawsonensis     ST    

Slender sandwort Minuartia patula ST        

Hairy umbrella-wort Mirabilis hirsuta SE        

Partridge berry Mitchella repens   ST      

Fenzl big-leaf sandwort or Large-leaved sandwort Moehringia macrophylla    ST ST    

Eastern bee-balm Monarda bradburiana  SE       

Pinesap Monotropa hypopithys   ST      

Montia Montia chamissoi     SE    
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Red mulberry Morus rubra    ST     

Long-awn hairgrass Muhlenbergia capillaris  SE       

Plains muhlenbergia Muhlenbergia cuspidata  SE       

Mat muhly Muhlenbergia richardsonis    ST    SE 

Smaller forget-me-not Myosotis laxa  ST       

Northern bayberry Myrica pensylvanica    ST     

Farwell’s water milfoil Myriophyllum farwellii    ST     

Cutleaf water-milfoil Myriophyllum pinnatum  SE       

Slender water-milfoil Myriophyllum tenellum  SE       

Thread-like naiad Najas gracillima  ST       

Glade mallow Napaea dioica     ST    

American lotus Nelumbo lutea    ST     

Baby blue-eyes Nemophila triloba SE        

Prairie dandelion Nothocalais cuspidata SE        

Small yellow pond lily Nuphar pumila    SE     

Pygmy water lily or small white waterlily Nymphaea leibergii    SE ST    

Small sundrops Oenothera perennis   ST      

Shaggy false-gromwell Onosmodium hispidissimum  SE       

Southeastern adder’s-tongue Ophioglossum vulgatum    SE     

Devil’s club Oplopanax horridus    ST     

Fragile prickly pear or brittle prickly pear Opuntia fragilis SE  ST SE    ST 

Bigroot pricklypear Opuntia macrorhiza   SE      

Small round-leaved orchis Orchis rotundifolia        ST 

Clustered broomrape Orobanche fasciculata SE SE SE ST ST   ST 

Louisiana broomrape Orobanche ludoviciana ST    ST   SE 

Bottomland broomrape Orobanche riparia  SE       
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One'flowered broomrape Orobanche uniflora     ST    

White-grained mountain-ricegrass Oryzopsis asperifolia  SE       

Torrey canada rice grass Oryzopsis canadensis    ST     

Ricegrass Oryzopsis pungens   SE      

Chilean sweet cicely Osmorhiza berteroi     SE    

Sweet cicely Osmorhiza depauperata    ST     

Cinnamon fern Osmunda cinnamomea   SE      

Royal fern Osmunda regalis   ST      

Illinois wood sorrel Oxalis illinoensis ST        

Fassett’s locoweed* Oxytropis campestris        SE 

Sticky locoweed Oxytropis viscida     SE    

Allegheny spurge Pachysandra procumbens  SE       

Elegant grounsel or plains ragwort Packera indecora     SE   ST 

Ginseng Panax quinquefolius    ST     

A panic-grass Panicum annulum  SE       

A panic-grass Panicum bicknellii  SE       

Commons' panic-grass Panicum commonsianum var addisonii  SE       

Leiberg's witchgrass Panicum leibergii  ST       

Panic grass Panicum longifolium    ST     

Shining panic-grass Panicum lucidum  SE       

Philadelphia panic-grass Panicum philadelphicum   ST ST     

Broom panic-grass Panicum scoparium  SE       

A panic-grass Panicum subvillosum  SE       

Warty panic grass Panicum verrucosum  ST  ST     

A panic-grass Panicum yadkinense  SE       

Marsh grass-of-parnassus Parnassia palustris    ST    ST 
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A grass-of-parnassus Parnassia parviflora        SE 

Canada forked chickweed Paronychia canadensis     SE    

Forked chickweed Paronychia fastigiata var fastigiata     SE    

Wild quinine Parthenium integrifolium     SE    

Purple cliff brake Pellaea atropurpurea   SE ST     

Arrow arum Peltandra virginica   SE      

Beard tongue Penstemon calycosus    ST     

Gray beardtongue Penstemon canescens  SE       

Slender beard tongue Penstemon gracilis   ST SE     

Large-flowered beard tongue Penstemon grandiflorus SE        

Tube beard tongue Penstemon tubaeflorus SE SE       

Eastern eulophus Perideridia americana  SE       

Gray sweet coltsfoot Petasites sagittatus    ST    ST 

Buttercup scorpionweed Phacelia covillei  SE       

Gray franklin’s phacelia Phacelia franklinii    ST ST    

Ozark phacelia Phacelia gilioides SE        

Blue scorpion-weed Phacelia ranunculacea  SE       

Lea's bog lichen Phaeophyscia leana ST        

Long beech fern Phegopteris connectilis SE        

Broad beech fern Phegopteris hexagonoptera     SE    

Rough-seeded fameflower Phemeranthus rugospermus     ST    

Cleft phlox Phlox bifida ssp stellaria  SE       

Smooth phlox Phlox glaberrima        SE 

Wild sweet william Phlox maculata    ST     

Wideflower phlox Phlox ovata  SE  SE     

Sangamon phlox Phlox pilosa SE        
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None Phlox pilosa ssp deamii  SE       

Bladderpod Physaria ludoviciana     SE    

Butterwort Pinguicula vulgaris        SE 

Jack pine Pinus banksiana SE        

Shortleaf pine Pinus echinata SE        

Red pine Pinus resinosa SE        

Canadian ricegrass Piptatherum canadense     ST    

Water elm Planera aquatica ST        

Heart-leaved plantain Plantago cordata SE SE  SE    SE 

Orange- or yellow-fringed orchid Platanthera ciliaris SE SE  SE     

Wood orchid Platanthera clavellata SE        

Leafy white orchis Platanthera dilatata  SE       

Pale green orchid or tubercled orchid Platanthera flava ST  SE      

Southern rein orchid Platanthera flava var flava  SE       

Tubercled rein orchid Platanthera flava var herbiola     ST    

Hooker’s orchid Platanthera hookeri   ST      

Northern bog orchid Platanthera hyperborea  ST ST      

Purple fringed orchid Platanthera psycodes SE  ST      

Alpine bluegrass Poa alpina    ST     

Grove bluegrass Poa alsodes SE        

Weak bluegrass Poa languida SE        

Bog bluegrass Poa paludigena    ST ST    

Wolf's bluegrass Poa wolfii SE        

Snake-mouth Pogonia ophioglossoides SE        

James'- or polanisia clammyweed Polanisia jamesii SE    SE    

Clammyweed Polansia jamesii   SE      
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Jacob’s ladder Polemonium occidentale ssp lacustrewestern     SE    

Western jacob’s ladder Polemonium occidentale ssp lucustre        SE 

Jacob’s ladder Polemonium reptans    ST     

Crossleaf milkwort Polygala cruciata   SE  SE    

Pink milkwort Polygala incarnata SE SE ST     SE 

Gay-wing milkwort Polygala paucifolia  SE       

Purple milkwort Polygala polygama   SE      

Downy solomon's seal Polygonatum pubescens ST        

Jointweed Polygonella articulata   SE      

Carey’ heartsease or carey's smartweed Polygonum careyi SE ST  ST     

Fringed black bindweed Polygonum cilinode  SE       

Douglas’ knotweed Polygonum douglasii   SE      

Northeastern smartweed Polygonum hydropiperoides var opelousanum  ST       

Swamp smartweed Polygonum hydropiperoides var setaceum  SE       

Alpine bistort Polygonum viviparum    ST     

Yellow-flowered leafcup Polymnia uvedalia    ST     

Christmas fern Polystichum acrostichoides     SE    

Braun’s holly fern Polystichum braunii     ST   ST 

Prairie parsley Polytaenia nuttallii  SE      ST 

Balsam poplar Populus balsamifera SE        

Swamp or black cottonwood Populus heterophylla    SE     

Waterthread pondweed or snailseed pondweed Potamogeton bicupulatus  SE  ST SE    

Algae-like pondweed Potamogeton confervoides     SE   ST 

Diverse-leaved pondweed Potamogeton diversifolius     SE    

Nuttall pondweed Potamogeton epihydrus  SE       

Fries' pondweed Potamogeton friesii  ST       
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Hill's pondweed Potamogeton hillii    ST     

Oakes pondweed Potamogeton oakesianus  SE   SE    

White-stemmed pondweed Potamogeton praelongus SE ST       

Spotted pondweed Potamogeton pulcher SE SE  SE SE   SE 

Fern pondweed Potamogeton robbinsii SE        

Stiff pondweed or straight-leaf pondweed Potamogeton strictifolius SE ST       

Sheathed pondweed Potamogeton vaginatus        ST 

Vasey's pondweed Potamogeton vaseyi  SE  ST     

Silverweed Potentilla anserina  ST ST      

Shrubby cinquefoil Potentilla fruticosa   ST      

Sand cinquefoil Potentilla paradoxa    ST     

Pennsylvania- or prairie cinquefoil Potentilla pensylvanica   ST ST     

Three-toothed cinquefoil Potentilla tridentata   SE      

Rough white lettuce Prenanthes aspera        SE 

Nodding rattlesnake-root or Great white lettuce Prenanthes crepidinea    ST    SE 

Bird's-eye primrose Primula mistassinica SE        

Fairy bells Prosartes hookeri    SE     

Rough-fruited fairybells or northern fairy bells Prosartes trachycarpa    ST SE    

Mermaid-weed Proserpinaca pectinata    SE     

Canada plum Prunus nigra   SE      

Cliff cudweed Pseudognaphalium saxicola        ST 

Long-beaked baldrush Psilocarya scirpoides  ST       

Frenchgrass Psoralea onobrychis   SE      

Slender-leaved scurf pea Psoralidium tenuiflorum     SE    

Pine-drops Pterospora andromedea    ST    SE 

Mock bishop's weed Ptilimnium nuttallii SE        
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Mountain mint Pycnanthemum muticum    ST     

Hairy mountain mint Pycnanthemum pilosum    ST     

Pink shinleaf Pyrola asarifolia  SE SE      

Small shinleaf Pyrola minor        SE 

One-sided shinleaf Pyrola secunda   ST      

Rock chestnut oak Quercus montana ST        

Willow oak Quercus phellos ST        

Dwarf chinquapin oak Quercus prinoides  SE       

Nuttall's oak Quercus texana SE        

Spearwort Ranunculus ambigens    ST     

Seaside crowfoot Ranunculus cymbalaria    ST    ST 

Small yellow water crowfoot Ranunculus gmelinii        SE 

Harvey's buttercup Ranunculus harveyi  SE       

Lapland buttercup Ranunculus lapponicus    SE    SE 

Mississippi buttercup Ranunculus laxicaulis  SE       

Macoun's buttercup Ranunculus macounii    ST     

Pursh buttercup Ranunculus pusillus  SE       

Prairie buttercup Ranunculus rhomboideus ST   ST     

Alder buckthorn Rhamnus alnifolia SE        

Dull meadow beauty or maryland meadow beauty Rhexia mariana SE   ST     

Maryland meadow beauty Rhexia mariana var mariana  ST       

Meadow beauty Rhexia virginica   ST      

Lapland rosebay Rhododendron lapponicum        SE 

Beaked rush Rhynchospora alba SE  ST      

Hair-like beak rush Rhynchospora capillacea     ST    

Short-bristle horned-rush Rhynchospora corniculata var interior  ST       
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Clustered beak rush Rhynchospora glomerata SE        

Short-beak beak-rush Rhynchospora Gray    SE     

Globe beak-rush Rhynchospora recognita  SE  SE     

Long-beaked baldrush Rhynchospora scirpoides    ST    ST 

Northern gooseberry Ribes hirtellum SE        

Northern currant Ribes hudsonianum   ST      

Canada gooseberry Ribes oxyacanthoides ssp oxyacanthoides        ST 

Bristly rose or prickly rose Rosa acicularis SE  SE      

Toothcup Rotala ramosior     ST    

Dwarf raspberry Rubus acaulis    SE     

Illinois blackberry Rubus centralis  SE       

Cloudberry Rubus chamaemorus     ST    

Southern dewberry Rubus enslenii  SE       

Bristle-berry Rubus fulleri     ST    

Missouri dewberry Rubus missouricus     SE    

Purple-flowering raspberry Rubus odoratus ST ST       

Dwarf raspberry Rubus pubescens ST        

Bristly blackberry Rubus schneideri ST        

Swamp blackberry Rubus semisetosus     ST    

Small bristleberry Rubus setosus  SE       

Bristle-berry Rubus stipulatus     SE    

Coneflower Rudbeckia fulgida var umbrosa  SE       

Missouri orange coneflower Rudbeckia missouriensis ST        

Three-leaved coneflower Rudbeckia triloba var triloba     ST    

Hairy wild petunia Ruellia humilis    ST    SE 

Smooth ruellia Ruellia strepens    SE     
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Western dock Rumex occidentalis    SE     

Widgeon grass Ruppia maritima    ST     

Rosepink Sabatia angularis    ST     

Prairie rose gentian Sabatia campestris SE        

Pearlwort Sagina nodosa    ST     

Knotty pearlwort Sagina nodosa ssp borealis     SE    

Arrowhead Sagittaria australis SE        

Short-beaked arrowhead Sagittaria brevirostra     SE    

Hooded arrowhead Sagittaria calycina var calycina     ST    

Arrowhead Sagittaria montevidensis    ST     

Red saltwort Salicornia rubra     ST    

Heartleaf willow or Sand dune willow Salix cordata  ST      SE 

Shining willow Salix lucida   ST      

Bog willow Salix pedicellaris   ST      

Satiny willow Salix pellita     ST   SE 

Tea-leaved willow Salix planifolia    ST     

Tea-leaved willow Salix planifolia ssp planifolia        ST 

Autumn willow Salix serissima SE ST       

Dune willow Salix syrticola SE        

Blue sage Salvia azurea ST        

Subsp pubens red-berried elder Sambucus racemosa SE        

American- or canada burnet Sanguisorba canadensis SE SE  SE     

Southern black snakeroot Sanicula smallii SE        

Yellow pitcher plant Sarracenia purpurea SE   ST     

Calamint Satureja glabella var angustifolia  SE       

Nodding saxifrage Saxifraga cernua     SE    
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Forbes saxifrage Saxifraga forbesii  SE       

Encrusted saxifrage Saxifraga paniculata    ST     

Prickly saxifrage Saxifraga tricuspidata    ST     

Early saxifrage Saxifraga virginiensis SE        

American scheuchzeria Scheuchzeria palustris ssp americana  SE       

False melic grass or purple oat Schizachne purpurascens SE SE       

Three-square bulrush Schoenoplectus americanus    SE     

Hall’s bulrush Schoenoplectus hallii ST SE  ST    SE 

Pursh’s bulrush Schoenoplectus purshianus SE        

Smith's bulrush Schoenoplectus smithii SE SE       

Torrey's bulrush Schoenoplectus torreyi  SE       

Bulrush Scirpus expansus  SE       

Bulrush Scirpus hattorianus SE        

Small-fruited bulrush Scirpus microcarpus SE        

Bulrush Scirpus polyphyllus ST        

Muehlenberg's nut rush Scleria muehlenbergii SE SE       

Carolina whipgrass or few-flowered nut rush Scleria pauciflora SE   SE     

Netted nut rush Scleria reticularis  ST  ST    SE 

Tall nutrush Scleria triglomerata     SE    

Low- or Whorled nutrush Scleria verticillata   ST  ST    

Skullcap Scutellaria nervosa    SE     

Forest skullcap Scutellaria ovata    ST     

Ovate-leaved skullcap Scutellaria ovata var versicolor     ST    

Small skullcap Scutellaria parvula    ST    SE 

Rock skullcap Scutellaria saxatilis  SE       

American orpine Sedum telephioides ST        
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Meadow spikemoss Selaginella eclipes   SE      

Ledge spike-moss Selaginella rupestris  ST       

Selago-like- or northern spikemoss Selaginella selaginoides     SE   SE 

Northern ragwort Senecio indecorus    ST     

Buffaloberry Sheperdia argentea SE  ST      

Annual skeletonweed Shinnersoseris rostrata     ST    

Virginia mallow Sida hermaphrodita  SE       

Evening- or Snowy campion Silene nivea    ST ST    

Ovate catchfly Silene ovata SE SE       

Royal catchfly Silene regia SE ST       

Aiton starry campion Silene stellata    ST     

Fire pink Silene viginica    SE    SE 

Rosinweed Silphium integrifolium    ST     

Compass plant Silphium laciniatum    ST     

Cup plant Silphium perfoliatum    ST     

Atlantic blue-eyed-grass Sisyrinchium atlanticum SE   ST     

Mountain blue-eyed grass Sisyrinchium montanum SE SE       

White goldenrod Solidago bicolor    SE     

Buckley's goldenrod Solidago buckleyi  SE       

Blue-stemmed goldenrod Solidago caesia        SE 

Missouri goldenrod Solidago missouriensis    ST     

Rough-leaved goldenrod Solidago patula   SE      

Cliff goldenrod Solidago sciaphila ST        

Sticky- or dune goldenrod Solidago simplex var gillmanii  ST      ST 

Stout-ragged goldenrod Solidago squarrosa  SE       

Bog goldenrod Solidago uliginosa   SE      
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American mountain ash Sorbus americana SE        

American bur-reed Sparganium americanum SE        

Branching bur-reed Sparganium androcladum  ST       

Green-fruited bur-reed Sparganium emersum SE        

Clustered bur reed Sparganium glomeratum        ST 

Scarlet globemallow Sphaeralcea coccinea   ST      

Woodland pinkroot Spigelia marilandica  SE       

Case's ladies' tresses Spiranthes casei var casei     ST    

Slender ladies-tresses Spiranthes lacera   ST      

Yellow-lipped ladies' tresses Spiranthes lucida SE  SE      

Great plains ladies'-tresses Spiranthes magnicamporum  SE       

Yellow nodding ladies'-tresses Spiranthes ochroleuca  ST       

Lesser- or oval ladies’-tresses Spiranthes ovalis   ST ST     

Hooded ladies-tresses Spiranthes romanzoffiana  ST ST      

Spring ladies' tresses Spiranthes vernalis SE  ST      

Dropseed Sporobolus clandestinus    SE     

Clingman hedge-nettle Stachys clingmanii  SE       

Fleshy stitchwort Stellaria crassifolia    SE     

Great chickweed Stellaria pubera SE        

Eastern featherbells or grass-leaved lily Stenanthium gramineum ST ST       

Rosy twisted-stalk Streptopus roseus   ST      

Slick-seed wild-bean Strophostyles leiosperma  ST       

Sheathed pondweed Stuckenia vaginata     SE    

Pickering morning-glory Stylisma pickeringii SE  SE      

Storax Styrax americana ST        

Bigleaf snowbell bush or large-leaf anowbell Styrax grandifolius SE SE       
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Awlwort Subularia aquatic ssp americana     ST    

Awlwort Subularia aquatica    SE     

Sullivantia or Reniform sullivantia Sullivantia sullivantii ST ST   ST    

Snowberry Symphoricarpos albus var albus SE        

Hairy synandra Synandra hispidula ST        

Fameflower Talinum calycinum SE  ST      

Small flower-of-an-hour Talinum parviflorum ST        

Rough-seeded fameflower or prairie fame-flower Talinum rugospermum  ST SE      

Lake huron tansy Tanacetum bipinnatum spp huronense        SE 

Lake huron tansy Tanacetum huronense    ST     

Bald cypress Taxodium distichum  ST       

American yew Taxus canadensis  SE       

Lakeside daisy Tetraneuris herbacea SE        

Tall meadowrue Thalictrum pubescens  ST       

Waxy meadowrue Thalictrum revolutum   SE SE     

Hairy meadow parsnip Thaspium barbinode        SE 

New york fern Thelypteris noveboracensis SE        

Long beechfern Thelypteris phegopteris   SE      

Foamflower Tiarella cordifolia        SE 

White basswood Tilia heterophylla SE        

Cranefly orchid Tipularia discolor    SE     

False asphodel Tofieldia glutinosa ST        

False asphodel Tofieldia pusilla    ST SE    

Pole manna-grass Torreyochloa pallida SE        

Halberd-leaved tearthumb Tracaulon arifolium SE        

Prairie spiderwort Tradescantia bracteata SE        
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False asphodel Triantha glutinosa        ST 

Filmy fern Trichomanes boschianum SE SE       

Tufted- or Tussock bulrush Trichophorum cespitosum SE       ST 

Clinton’s bulrush Trichophorum clintonii     ST    

False pennyroyal Trichostema brachiatum    ST     

Bastard pennyroyal Trichostema dichotomum    ST     

Star-flower Trientalis borealis SE        

Buffalo clover Trifolium reflexum ST        

Buffalo clover Trifolium reflexum var glabrum  SE       

Common bog arrowgrass Triglochin maritima ST        

Large arrowgrass Triglochin maritimum   ST      

Small arrowgrass Triglochin palustre   ST      

Slender bog arrowgrass Triglochin palustris ST        

Nodding trillium Trillium cernuum SE SE       

Ill-scented trillium Trillium erectum SE        

Snow trillium Trillium nivale    ST    ST 

Prairie trillium Trillium recurvatum    ST     

Toadshade Trillium sessile    ST     

Green trillium Trillium viride SE        

Nodding pogonia or three birds orchid Triphora trianthophora    ST     

Purple false oats Trisetum melicoides        SE 

Spike trisetum Trisetum spicatum        ST 

Eastern hemlock Tsuga canadensis var canadensis     SE    

Rock elm Ulmus thomasii SE        

Nettle Urtica chamaedryoides ST        

Horned bladderwort Utricularia cornuta SE ST       
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Hidden-fruited bladderwort Utricularia geminiscapa  SE   SE    

Floating bladderwort Utricularia inflata    SE     

Flat-leaved bladderwort Utricularia intermedia ST        

Lesser- or small bladderwort Utricularia minor SE ST       

Purple-flowered bladderwort Utricularia purpurea     SE    

Small swollen bladderwort Utricularia radiata  SE       

Northeastern bladderwort or Lavender 
bladderwort 

Utricularia resupinata  SE   ST    

Zigzag or hair bladderwort Utricularia subulata SE ST  ST     

Bellwort Uvularia perfoliata  SE       

Low sweet blueberry Vaccinium angustifolium   ST      

Dwarf bilberry Vaccinium cespitosum    ST    SE 

Highbush blueberry Vaccinium corymbosum SE        

Large cranberry Vaccinium macrocarpon SE        

Velvetleaf blueberry Vaccinium myrtilloides  SE ST      

Small cranberry Vaccinium oxycoccos SE ST       

Deerberry Vaccinium stamineum SE        

Alpine bilberry Vaccinium uliginosum    ST SE    

Mountain cranberry Vaccinium vitis-idaea    SE    SE 

Hairy valerian Valeriana edulis  SE  ST     

Edible valerian Valeriana edulis var ciliata     ST    

Marsh valerian Valeriana sitchensis        ST 

Marsh valerian Valeriana uliginosa SE SE       

Goose-foot corn-salad Valerianella chenopodiifolia ST SE  ST     

Wood corn salad Valerianella umbilicata SE   ST     

False hellebore Veratrum woodii   ST      
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White crownbeard Verbesina virginica  SE       

American brooklime Veronica americana SE        

Marsh speedwell Veronica scutellata ST        

Northern wild-raisin Viburnum cassinoides  SE       

Squashberry Viburnum edule    ST    SE 

Arrowwood Viburnum molle ST        

Highbush-cranberry Viburnum opulus var americanum  SE       

Hairy white violet Viola blanda SE        

Canada violet Viola canadensis SE        

Eggleston's violet Viola egglestonii  SE       

A violet Viola fimbriatula        SE 

Large-leaved violet Viola incognita   SE      

Lance-leaved violet Viola lanceolata     ST    

New england violet Viola novae-angliae    ST     

Yellow prairie violet Viola nuttallii     ST    

Prairie violet Viola pedatifida  ST  ST     

Primrose-leaf violet Viola primulifolia SE ST       

Kidney-leaved violet Viola renifolia   ST      

Silverleaf grape Vitis aestivalis var bicolor     ST    

Sand grape Vitis rupestris  SE       

Frost grape Vitis vulpina    ST     

Wisteria Wisteria frutescens    ST     

Brasiliensis watermeal Wolffia papulifera    ST     

Sword bogmat Wolffiella gladiata  SE       

Northern woodsia Woodsia alpina    SE ST    

Smooth woodsia Woodsia glabella     ST    
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Rusty woodsia Woodsia ilvensis SE  SE      

Blunt-lobed woodsia Woodsia obtusa    ST     

Oregon woodsia Woodsia oregana   ST      

Rocky mountain woodsia Woodsia scopulina ssp laurentiana     ST    

Carolina yellow-eyed grass Xyris difformis  ST       

Twisted yellow-eyed grass Xyris torta   SE  SE    

White camass Zigadenus elegans SE        

Wild rice Zizania aquatica    ST     

Prairie golden alexanders Zizia aptera    ST     

* - All of Missouri and Ohio's state-listed plants are also federally-listed. 

Sources: 

Michigan Department of Natural Resources, Wildlife Division. 2009. Endangered and Threatened Species in Michigan. Accessed 2015. 
http://www.michigan.gov/documents/dnr/2007-007_NR_Threatened_Endangered_Species__nonstrike__9-12._274586_7.pdf 

Iowa Department of Natural Resources. 2009. Ch. 77: Endangered, Threatened and Special Concern Animals. Accessed 2015. 
https://www.legis.iowa.gov/docs/ACO/rule/571.77.2.pdf 

Indiana Department of Natural Resources, Division of Fish & Wildlife. 2015. Endangered and Special Concern Species. Accessed 2015. 
http://www.in.gov/dnr/fishwild/files/fw-Endangered_Species_List.pdf 

Illinois Endangered Species Protection Board. 2015. Checklist of Illinois Endangered and Threatened Animals and Plants. Accessed 2015. 
https://www.dnr.illinois.gov/ESPB/Documents/2015_ChecklistFINAL_for_webpage_051915.pdf 

Missouri Department of Conservation. 2015. Missouri Species and Communities of Conservation Concern Checklist. Accessed 2015. 
http://mdc.mo.gov/sites/default/files/resources/2010/04/2015speciesconcern.pdf 

Minnesota Department of Natural Resources. 2013. Minnesota’s List of Endangered, Threatened, and Special Concern Species. Accessed 2015. 
http://files.dnr.state.mn.us/natural_resources/ets/endlist.pdf 

Ohio Department of Natural Resources, Division of Wildlife. 2015. Wildlife That are Considered to Be Endangered, Threatened, Species of Concern, Special 
Interest, Extirpated or Extinct in Ohio. Accessed 2015. http://wildlife.ohiodnr.gov/portals/wildlife/pdfs/publications/information/pub356.pdf 

Wisconsin Department of Natural Resources. 2014. Wisconsin Endangered and Threatened Species Laws & List. Accessed 2015. 
http://dnr.wi.gov/files/pdf/pubs/er/er001.pdf 

http://www.michigan.gov/documents/dnr/2007-007_NR_Threatened_Endangered_Species__nonstrike__9-12._274586_7.pdf
https://www.legis.iowa.gov/docs/ACO/rule/571.77.2.pdf
http://www.in.gov/dnr/fishwild/files/fw-Endangered_Species_List.pdf
https://www.dnr.illinois.gov/ESPB/Documents/2015_ChecklistFINAL_for_webpage_051915.pdf
http://mdc.mo.gov/sites/default/files/resources/2010/04/2015speciesconcern.pdf
http://files.dnr.state.mn.us/natural_resources/ets/endlist.pdf
http://wildlife.ohiodnr.gov/portals/wildlife/pdfs/publications/information/pub356.pdf
http://dnr.wi.gov/files/pdf/pubs/er/er001.pdf
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velvetleaf  Abutilon theophrasti   S      

Amur maple Acer ginnala        R 

Japanese chaff flower Achyranthes japonica        P 

hardheads, Russian knapweed  Acroptilon repens / Centaurea repens / 
Centaurea picris 

  Pr N    P 

Bishop's goutweed Aegopodium podagraria        R 

quackgrass Agropyron repens   Pr N     

tree of heaven Ailanthus altissima        R 

Fiveleaf akebia or Chocolate vine Akebia quinata        P 

garlic mustard Alliaria petiolata     R   R 

black alder Alnus glutinosa        R 

carelessweed, Palmer amaranth  Amaranthus palmeri     E  P  

common ragweed  Ambrosia artemisifolia N        

giant ragweed Ambrosia trifida N        

porcelain berry Ampelopsis brevipedunculata         P 

wild chervil Anthriscus sylvestris        P, R 

Wormwood Artemisia absinthium        R 

giant reed Arundo donax        P 

mosquito fern Azolla pinnata Aq P      P 

kochia Bassia scoparia       P  

Japanese barberry Berberis thunbergii     SR   R 

common barberry Berberis vulgaris        P 

wild mustard Brassica arvensis   S      

wild mustard Brassica kaber var. pinnatifida        P  

http://www.invasiveplantatlas.org/subject.html?sub=5016
http://www.invasiveplantatlas.org/subject.html?sub=5016
http://www.invasiveplantatlas.org/subject.html?sub=3965
http://www.invasiveplantatlas.org/subject.html?sub=3965
http://www.invasiveplantatlas.org/subject.html?sub=14211
http://www.invasiveplantatlas.org/subject.html?sub=14211
http://www.invasiveplantatlas.org/subject.html?sub=4388
http://www.invasiveplantatlas.org/subject.html?sub=4388
http://www.invasiveplantatlas.org/subject.html?sub=4388
http://www.invasiveplantatlas.org/subject.html?sub=11534
http://www.invasiveplantatlas.org/subject.html?sub=11534
http://www.invasiveplantatlas.org/subject.html?sub=9778
http://www.invasiveplantatlas.org/subject.html?sub=9778
http://www.invasiveplantatlas.org/subject.html?sub=3003
http://www.invasiveplantatlas.org/subject.html?sub=3003
http://www.invasiveplantatlas.org/subject.html?sub=10090
http://www.invasiveplantatlas.org/subject.html?sub=10090
http://www.invasiveplantatlas.org/subject.html?sub=3005
http://www.invasiveplantatlas.org/subject.html?sub=3005
http://www.invasiveplantatlas.org/subject.html?sub=3252
http://www.invasiveplantatlas.org/subject.html?sub=3252
http://www.invasiveplantatlas.org/subject.html?sub=5090
http://www.invasiveplantatlas.org/subject.html?sub=5090
http://www.invasiveplantatlas.org/subject.html?sub=5076
http://www.invasiveplantatlas.org/subject.html?sub=5076
http://www.invasiveplantatlas.org/subject.html?sub=5097
http://www.invasiveplantatlas.org/subject.html?sub=5097
http://www.invasiveplantatlas.org/subject.html?sub=3007
http://www.invasiveplantatlas.org/subject.html?sub=3007
http://www.invasiveplantatlas.org/subject.html?sub=5114
http://www.invasiveplantatlas.org/subject.html?sub=5114
http://www.invasiveplantatlas.org/subject.html?sub=5121
http://www.invasiveplantatlas.org/subject.html?sub=5121
http://www.invasiveplantatlas.org/subject.html?sub=3009
http://www.invasiveplantatlas.org/subject.html?sub=3009
http://www.invasiveplantatlas.org/subject.html?sub=4647
http://www.invasiveplantatlas.org/subject.html?sub=4647
http://www.invasiveplantatlas.org/subject.html?sub=5905
http://www.invasiveplantatlas.org/subject.html?sub=5905
http://www.invasiveplantatlas.org/subject.html?sub=3010
http://www.invasiveplantatlas.org/subject.html?sub=3010
http://www.invasiveplantatlas.org/subject.html?sub=5181
http://www.invasiveplantatlas.org/subject.html?sub=5181
http://www.invasiveplantatlas.org/subject.html?sub=6416
http://www.invasiveplantatlas.org/subject.html?sub=6416
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
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hill mustard Bunias orientalis        P, R 

flowering rush Butomus umbellatus Aq P Aq R PAq   R 

fanwort Cabomba caroliniana    P RAq   P 

creeping bellflower Campanula rapunculoides        R 

Siberian peashrub Caragana arborescens        R 

narrowleaf bittercress Cardamine impatiens     C   P 

hoary cress, perennial peppergrass Cardaria draba / Lepidium draba   Pr N     

plumeless thistle Carduus acanthoides     C   R 

musk thistle Carduus nutans N   N  A P R 

 Carduus spp.   Pr      

caulerpa or Mediterranean killer algae  Caulerpa taxifolia Aq P       

Asian loeseneri bittersweet Celastrus loeseneri        P 

Asian bittersweet, oriental bittersweet Celastrus orbiculatus     E   R 

spotted knapweed Centaurea biebersteinii, Centaurea maculosa or 
Centaurea stoebe 

   N C A  R 

spreading starthistle Centaurea diffusa        P 

brown knapweed  Centaurea jacea     E   R 

black knapweed Centaurea nigra        R 

tyrol knapweed Centaurea nigrescens        R 

yellow star thistle Centaurea solstitialis     E   P 

meadow knapweed Centaurea x moncktonii     E    

celandine Chelidonium majur        R 

Canada thistle Cirsium arvense N N Pr N C A P R 

bull thistle Cirsium lanceolatum   Pr      

European marsh thistle Cirsium palustre        P, R 

 Cirsium spp.   Pr      

http://www.invasiveplantatlas.org/subject.html?sub=14692
http://www.invasiveplantatlas.org/subject.html?sub=14692
http://www.invasiveplantatlas.org/subject.html?sub=5219
http://www.invasiveplantatlas.org/subject.html?sub=5219
http://www.invasiveplantatlas.org/subject.html?sub=5223
http://www.invasiveplantatlas.org/subject.html?sub=5223
http://www.invasiveplantatlas.org/subject.html?sub=5257
http://www.invasiveplantatlas.org/subject.html?sub=5257
http://www.invasiveplantatlas.org/subject.html?sub=9925
http://www.invasiveplantatlas.org/subject.html?sub=9925
http://www.invasiveplantatlas.org/subject.html?sub=11539
http://www.invasiveplantatlas.org/subject.html?sub=11539
http://www.invasiveplantatlas.org/subject.html?sub=5232
http://www.invasiveplantatlas.org/subject.html?sub=5232
http://www.invasiveplantatlas.org/subject.html?sub=3400
http://www.invasiveplantatlas.org/subject.html?sub=3400
http://www.invasiveplantatlas.org/subject.html?sub=3011
http://www.invasiveplantatlas.org/subject.html?sub=3011
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=4715
http://www.invasiveplantatlas.org/subject.html?sub=4715
http://www.invasiveplantatlas.org/index.html
http://www.invasiveplantatlas.org/index.html
http://www.invasiveplantatlas.org/subject.html?sub=3012
http://www.invasiveplantatlas.org/subject.html?sub=3012
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=5278
http://www.invasiveplantatlas.org/subject.html?sub=5278
http://www.invasiveplantatlas.org/subject.html?sub=4390
http://www.invasiveplantatlas.org/subject.html?sub=4390
http://www.invasiveplantatlas.org/subject.html?sub=4348
http://www.invasiveplantatlas.org/subject.html?sub=4348
http://www.invasiveplantatlas.org/subject.html?sub=11543
http://www.invasiveplantatlas.org/subject.html?sub=11543
http://www.invasiveplantatlas.org/subject.html?sub=2792
http://www.invasiveplantatlas.org/subject.html?sub=2792
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
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bull thistle Cirsium vulgare    N     

poison hemlock Conium maculatum   S    P P, R 

field bindweed Convolvulus arvensis   Pr N  A   

hedge bindweed Convolvulus sepium    N     

marestail Conyza canadensis       P  

Australian swamp crop Crassula helmsii     PAq   P 

dodder Cuscuta spp.    N     

cylindro Cylindrospermopsis raciborskii    P     

black swallow-wort Cynanchum louiseae / Vincetoxium nigrum     E   P 

pale swallow-wort Cynanchum rossicum / Vincetoxicum rossicum        P 

Houndstongue Cynoglossum officinale        R 

Scotch broom Cytisus scoparius        P 

Wild carrot, Queen Anne's lace Daucus carota   S    P  

Grecian foxglove Digitalis lanata Ehrh.     E   P 

Chinese yam Dioscorea polystachya (oppositifolia)        P 

common teasel  Dipsacus fullonum     E A   

cutleaf teasel Dipsacus laciniatus     E A  R 

teasel Dipsacus spp.   S      

Common teasel Dipsacus sylvestris        R 

Brazilian waterweed  Egeria densa Aq P, Pe  P RAq   P 

anchored water hyacinth Eichhornia azurea Aq P      P 

common water hyacinth  Eichhornia crassipes      PAq   P 

Russian olive Elaeagnus angustifolia        R 

autumn olive Elaeagnus umbellata        R 

hairy willow herb Epilobium hirsutum        R, P 

helleborine orchid Epipactis helleborine        R 

http://www.invasiveplantatlas.org/subject.html?sub=3393
http://www.invasiveplantatlas.org/subject.html?sub=3393
http://www.invasiveplantatlas.org/subject.html?sub=4365
http://www.invasiveplantatlas.org/subject.html?sub=4365
http://www.invasiveplantatlas.org/subject.html?sub=4338
http://www.invasiveplantatlas.org/subject.html?sub=4338
http://www.invasiveplantatlas.org/subject.html?sub=5264
http://www.invasiveplantatlas.org/subject.html?sub=5264
http://www.invasiveplantatlas.org/subject.html?sub=5363
http://www.invasiveplantatlas.org/subject.html?sub=5363
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=4694
http://www.invasiveplantatlas.org/subject.html?sub=4694
http://www.invasiveplantatlas.org/subject.html?sub=12264
http://www.invasiveplantatlas.org/subject.html?sub=12264
http://www.invasiveplantatlas.org/subject.html?sub=3398
http://www.invasiveplantatlas.org/subject.html?sub=3398
http://www.invasiveplantatlas.org/subject.html?sub=4260
http://www.invasiveplantatlas.org/subject.html?sub=4260
http://www.invasiveplantatlas.org/subject.html?sub=5502
http://www.invasiveplantatlas.org/subject.html?sub=5502
http://www.invasiveplantatlas.org/subject.html?sub=4408
http://www.invasiveplantatlas.org/subject.html?sub=4408
http://www.invasiveplantatlas.org/subject.html?sub=5514
http://www.invasiveplantatlas.org/subject.html?sub=5514
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=4527
http://www.invasiveplantatlas.org/subject.html?sub=4527
http://www.invasiveplantatlas.org/subject.html?sub=3018
http://www.invasiveplantatlas.org/subject.html?sub=3018
http://www.invasiveplantatlas.org/subject.html?sub=5545
http://www.invasiveplantatlas.org/subject.html?sub=5545
http://www.invasiveplantatlas.org/subject.html?sub=4586
http://www.invasiveplantatlas.org/subject.html?sub=4586
http://www.invasiveplantatlas.org/subject.html?sub=5543
http://www.invasiveplantatlas.org/subject.html?sub=5543
http://www.invasiveplantatlas.org/subject.html?sub=3019
http://www.invasiveplantatlas.org/subject.html?sub=3019
http://www.invasiveplantatlas.org/subject.html?sub=4677
http://www.invasiveplantatlas.org/subject.html?sub=4677
http://www.invasiveplantatlas.org/subject.html?sub=3020
http://www.invasiveplantatlas.org/subject.html?sub=3020
http://www.invasiveplantatlas.org/subject.html?sub=3022
http://www.invasiveplantatlas.org/subject.html?sub=3022
http://www.invasiveplantatlas.org/subject.html?sub=3021
http://www.invasiveplantatlas.org/subject.html?sub=3021
http://www.invasiveplantatlas.org/subject.html?sub=5585
http://www.invasiveplantatlas.org/subject.html?sub=5585
http://www.invasiveplantatlas.org/subject.html?sub=11976
http://www.invasiveplantatlas.org/subject.html?sub=11976


U.S. Fish and Wildlife Service 

 Appendix C  
Invasive Plants 

 

Midwest Wind Energy Multi-Species HCP EIS Draft EIS 
C-4 

April 2016 
 

 

Common Name Scientific Name Il
li

n
o

is
 

In
d

ia
n

a 

Io
w

a 

M
ic

h
ig

an
 

M
in

n
es

o
ta

 

M
is

so
u

ri
 

O
h

io
 

W
is

co
n

si
n

 

burning bush Euonymus alatus        R 

Cypress spurge Euphorbia cyparissias        R 

leafy spurge Euphorbia esula   Pr N C   R 

queen of the meadow Filipendula ulmaria        R 

glossy buckthorn Frangula alnus / Rhamnus frangula E    R   R 

hemp nettle Galeopsis tetrahit        R 

white bedstraw Galium mollugo        R 

mudmat Glossostigma cleistanthum        P 

tall or reed mannagrass Glyceria maxima        R, P 

wild sunflower Helianthus annus   S      

giant hogweed Heracleum mantegazzianum    P, N E  P P 

dame's rocket Hesperis matronalis        R 

Japanese hops Humulus japonicus     E   R, P 

hydrilla Hydrilla verticillata Aq P, Pe  P PAq   P 

European frogbit  Hydrocharis morsus-ranae Aq P  P PAq   P 

floating marsh pennywort Hydrocotyle ranunculoides        P 

Indian swampweed, miramar weed  Hygrophilia polysperma Aq P   PAq   P 

balfour's touch-me-not Impatiens balfourii        R 

Indian balsam Impatiens glandulifera        P 

Chinese water spinach Ipomoea aquatic Aq P   RAq   P 

morning glory Ipomoea spp.    N     

yellow iris Iris pseudacorus Aq P   RAq   R 

field scabiosa Knautia arvensis        R 

oxygen−weed, African elodea or 
African waterweed  

Lagarosiphon major Aq P  P PAq   P 

pepperweed Lepidium latifolium        P 

http://www.invasiveplantatlas.org/subject.html?sub=3023
http://www.invasiveplantatlas.org/subject.html?sub=3023
http://www.invasiveplantatlas.org/subject.html?sub=3116
http://www.invasiveplantatlas.org/subject.html?sub=3116
http://www.invasiveplantatlas.org/subject.html?sub=3405
http://www.invasiveplantatlas.org/subject.html?sub=3405
http://www.invasiveplantatlas.org/subject.html?sub=5649
http://www.invasiveplantatlas.org/subject.html?sub=5649
http://www.invasiveplantatlas.org/subject.html?sub=11975
http://www.invasiveplantatlas.org/subject.html?sub=11975
http://www.invasiveplantatlas.org/subject.html?sub=20253
http://www.invasiveplantatlas.org/subject.html?sub=20253
http://www.invasiveplantatlas.org/subject.html?sub=5688
http://www.invasiveplantatlas.org/subject.html?sub=5688
http://www.invasiveplantatlas.org/subject.html?sub=4536
http://www.invasiveplantatlas.org/subject.html?sub=4536
http://www.invasiveplantatlas.org/subject.html?sub=5702
http://www.invasiveplantatlas.org/subject.html?sub=5702
http://www.invasiveplantatlas.org/subject.html?sub=10091
http://www.invasiveplantatlas.org/subject.html?sub=10091
http://www.invasiveplantatlas.org/subject.html?sub=3028
http://www.invasiveplantatlas.org/subject.html?sub=3028
http://www.invasiveplantatlas.org/subject.html?sub=12792
http://www.invasiveplantatlas.org/subject.html?sub=12792
http://www.invasiveplantatlas.org/subject.html?sub=4549
http://www.invasiveplantatlas.org/subject.html?sub=4549
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=5751
http://www.invasiveplantatlas.org/subject.html?sub=5751
http://www.invasiveplantatlas.org/subject.html?sub=10093
http://www.invasiveplantatlas.org/subject.html?sub=10093
http://www.invasiveplantatlas.org/subject.html?sub=5853
http://www.invasiveplantatlas.org/subject.html?sub=5853
http://www.invasiveplantatlas.org/subject.html?sub=4653
http://www.invasiveplantatlas.org/subject.html?sub=4653
http://www.invasiveplantatlas.org/subject.html?sub=4653
http://www.invasiveplantatlas.org/subject.html?sub=5931
http://www.invasiveplantatlas.org/subject.html?sub=5931
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sericea lespedeza Lespedeza cuneata        P 

oxeye daisy Leucanthemum vulgare / Chrysanthemum 
leucanthemum 

      P  

lyme grass or sand ryegrass  Leymus arenarius or Elymus arenarius        R, P 

Asian marshweed  Limnophila sessiliflora Aq P      P 

Dalmation toadflax Linaria dalmatica     E   R, P 

Japanese honeysuckle Lonicera japonica E       P 

Amur honeysuckle Lonicera maacki        R, P 

Morrow's honeysuckle Lonicera morrowii        R 

Tatarian honeysuckle, Amur 
honeysuckle 

Lonicera tatarica         R 

Bell's honeysuckle, Amur honeysuckle Lonicera x bella        R 

moneywort Lysimachia nummularia        R 

golden loosestrife Lysimachia vulgaris        R 

purple loosestrife Lythrum salicaria E  Aq R PAq, 
C 

A P R 

purple loosestrife Lythrum spp.  P       

purple loosestrife Lythrum virgatum     PAq, 
C 

  P 

Japanese stiltgrass Microstegium vimineum         P 

monochoria, arrowleaf, or false 
pickerelweed 

Monochoria hastata Aq P       

heartshape or false pickerelweed  Monochoria vaginalis Aq P       

white mulberry Morus alba        R 

forget me not Myosotis scorpioides        R 

woodland forget-me-not Myosotis sylvatica        R 

parrot feather Myriophyllum aquaticum Aq P  P RAq   P 

http://www.invasiveplantatlas.org/subject.html?sub=3033
http://www.invasiveplantatlas.org/subject.html?sub=3033
http://www.invasiveplantatlas.org/subject.html?sub=5937
http://www.invasiveplantatlas.org/subject.html?sub=5937
http://www.invasiveplantatlas.org/subject.html?sub=5937
http://www.invasiveplantatlas.org/subject.html?sub=22981
http://www.invasiveplantatlas.org/subject.html?sub=22981
http://www.invasiveplantatlas.org/subject.html?sub=4651
http://www.invasiveplantatlas.org/subject.html?sub=4651
http://www.invasiveplantatlas.org/subject.html?sub=4451
http://www.invasiveplantatlas.org/subject.html?sub=4451
http://www.invasiveplantatlas.org/subject.html?sub=3039
http://www.invasiveplantatlas.org/subject.html?sub=3039
http://www.invasiveplantatlas.org/subject.html?sub=3040
http://www.invasiveplantatlas.org/subject.html?sub=3040
http://www.invasiveplantatlas.org/subject.html?sub=3041
http://www.invasiveplantatlas.org/subject.html?sub=3041
http://www.invasiveplantatlas.org/subject.html?sub=3043
http://www.invasiveplantatlas.org/subject.html?sub=3043
http://www.invasiveplantatlas.org/subject.html?sub=3043
http://www.invasiveplantatlas.org/subject.html?sub=5948
http://www.invasiveplantatlas.org/subject.html?sub=5948
http://www.invasiveplantatlas.org/subject.html?sub=5975
http://www.invasiveplantatlas.org/subject.html?sub=5975
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=3047
http://www.invasiveplantatlas.org/subject.html?sub=3047
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=3051
http://www.invasiveplantatlas.org/subject.html?sub=3051
http://www.invasiveplantatlas.org/subject.html?sub=4540
http://www.invasiveplantatlas.org/subject.html?sub=4540
http://www.invasiveplantatlas.org/subject.html?sub=4540
http://www.invasiveplantatlas.org/subject.html?sub=4539
http://www.invasiveplantatlas.org/subject.html?sub=4539
http://www.invasiveplantatlas.org/subject.html?sub=6050
http://www.invasiveplantatlas.org/subject.html?sub=6050
http://www.invasiveplantatlas.org/subject.html?sub=6071
http://www.invasiveplantatlas.org/subject.html?sub=6071
http://www.invasiveplantatlas.org/subject.html?sub=3054
http://www.invasiveplantatlas.org/subject.html?sub=3054
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Eurasian watermilfoil Myriophyllum spicatum Aq P Aq R PAq   R 

spiny naiad Najas marina        R 

brittle naiad Najas minor Aq P Aq  PAq   P 

serrated tussock Nasella trachoma    N     

sacred lotus Nelumbo nucifera        P 

Apple of Peru Nicandra physalodes       P  

starry stonewort Nitellopsis obtusa    P     

nonnative waterlilies Nymphaea spp.     RAq    

yellow floating hearts Nymphoides peltata Aq P  P    P 

java waterdropwort Oenanthe javanica        P 

Scotch thistle Onopordum acanthium      A   

wavy leaf basket grass Oplismenushirtellus ssp. Undulatifolius        P 

duck lettuce Ottelia alismoides Aq P      P 

butterweed, cressleaf groundsel  Packera glabella / Senecio glabellus       P  

wild parsnip Pastinaca sativa     C  P R 

princess tree Paulownia tomentosa        P 

butterfly dock Petasites hybridus        P 

reed canary grass Phalaris arundinacea        R 

Amur cork tree Phellodendron amurense        P 

common reed Phragmites australis ssp australis    R R   R, P 

scarlet pimpernel Pimpinella saxifraga        R 

water lettuce Pistea stratioides        P 

buckthorn plantain Plantago lanceolata   S      

Bohemian knotweed Polygonum bohemicum/Fallopia bohemicum        P 

Japanese knotweed Polygonum cuspidatum/Fallopia japonica    P SR  P R 

mile−a−minute vine  Polygonum perfoliatum/Persicaria perfoliata       P P 

http://www.invasiveplantatlas.org/subject.html?sub=3055
http://www.invasiveplantatlas.org/subject.html?sub=3055
http://www.invasiveplantatlas.org/subject.html?sub=3056
http://www.invasiveplantatlas.org/subject.html?sub=3056
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=6084
http://www.invasiveplantatlas.org/subject.html?sub=6084
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=2660
http://www.invasiveplantatlas.org/subject.html?sub=2660
http://www.invasiveplantatlas.org/subject.html?sub=12805
http://www.invasiveplantatlas.org/subject.html?sub=12805
http://www.invasiveplantatlas.org/subject.html?sub=4432
http://www.invasiveplantatlas.org/subject.html?sub=4432
http://www.invasiveplantatlas.org/subject.html?sub=4619
http://www.invasiveplantatlas.org/subject.html?sub=4619
http://www.invasiveplantatlas.org/subject.html?sub=4295
http://www.invasiveplantatlas.org/subject.html?sub=4295
http://www.invasiveplantatlas.org/subject.html?sub=6147
http://www.invasiveplantatlas.org/subject.html?sub=6147
http://www.invasiveplantatlas.org/subject.html?sub=2426
http://www.invasiveplantatlas.org/subject.html?sub=2426
http://www.invasiveplantatlas.org/subject.html?sub=6170
http://www.invasiveplantatlas.org/subject.html?sub=6170
http://www.invasiveplantatlas.org/subject.html?sub=11569
http://www.invasiveplantatlas.org/subject.html?sub=11569
http://www.invasiveplantatlas.org/subject.html?sub=59038
http://www.invasiveplantatlas.org/subject.html?sub=59038
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=6200
http://www.invasiveplantatlas.org/subject.html?sub=6200
http://www.invasiveplantatlas.org/subject.html?sub=3414
http://www.invasiveplantatlas.org/subject.html?sub=3414
http://www.invasiveplantatlas.org/subject.html?sub=3065
http://www.invasiveplantatlas.org/subject.html?sub=3065
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giant knotweed Polygonum sachalinense     SR   P 

white poplar Populus alba        R 

curly-leaved pondweed Potamogeton crispus Aq P Aq R PAq   R 

kudzu Pueraria montana var. lobata E, N Pe    A P P 

sawtooth oak Quercus acutissima        P 

lesser celandine Ranunculus ficaria        P 

buckthorn Rhamnus arguta E        

common buckthorn Rhamnus cathartica E    R   R 

Dahurian buckthorn Rhamnus davurica E        

Japanese buckthorn Rhamnus japonica E        

buckthorn Rhamnus spp. (excluding Frangula alnus)   Pr      

Chinese buckthorn Rhamnus utilis E        

Bristly locust Robinia hispida        R 

black locust Robinia pseudoacacia        R 

multiflora rose Rosa multiflora E P S  R A  R 

Himalayan blackberry Rubus armeniacus        P 

wineberry, wine raspberry Rubus phoenicolasius        P 

sheep sorrel, red sorrel  Rumex acetosella   S      

smooth dock Rumex altissimus   S      

sour dock Rumex crispus   S      

arrowhead Sagittaria sagittifolia Aq P      P 

Russian thistle Salsola Kali var. enuifolia       P  

giant salvinia Salvinia auriculata, biloba, or herzogii Aq P  P    P 

aquarium watermoss or giant salvinia  Salvinia molesta Aq P  P PAq   P 

bur cucumber Sicyos angulatus  N       

http://www.invasiveplantatlas.org/subject.html?sub=6235
http://www.invasiveplantatlas.org/subject.html?sub=6235
http://www.invasiveplantatlas.org/subject.html?sub=3066
http://www.invasiveplantatlas.org/subject.html?sub=3066
http://www.invasiveplantatlas.org/subject.html?sub=6219
http://www.invasiveplantatlas.org/subject.html?sub=6219
http://www.invasiveplantatlas.org/subject.html?sub=2425
http://www.invasiveplantatlas.org/subject.html?sub=2425
http://www.invasiveplantatlas.org/subject.html?sub=10086
http://www.invasiveplantatlas.org/subject.html?sub=10086
http://www.invasiveplantatlas.org/subject.html?sub=3069
http://www.invasiveplantatlas.org/subject.html?sub=3069
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=3070
http://www.invasiveplantatlas.org/subject.html?sub=3070
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=10050
http://www.invasiveplantatlas.org/subject.html?sub=10050
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=3350
http://www.invasiveplantatlas.org/subject.html?sub=3350
http://www.invasiveplantatlas.org/subject.html?sub=3071
http://www.invasiveplantatlas.org/subject.html?sub=3071
http://www.invasiveplantatlas.org/subject.html?sub=3072
http://www.invasiveplantatlas.org/subject.html?sub=3072
http://www.invasiveplantatlas.org/subject.html?sub=6331
http://www.invasiveplantatlas.org/subject.html?sub=6331
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=6335
http://www.invasiveplantatlas.org/subject.html?sub=6335
http://www.invasiveplantatlas.org/subject.html?sub=4541
http://www.invasiveplantatlas.org/subject.html?sub=4541
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=2785
http://www.invasiveplantatlas.org/subject.html?sub=2785
http://www.invasiveplantatlas.org/subject.html?sub=6415
http://www.invasiveplantatlas.org/subject.html?sub=6415
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horsenettle Solanum carolinense    Pr N     

seaside goldenrod Solidago sempervirens        R, P 

perennial sow thistle Sonchus arvensis N  Pr N     

sorghum almum  Sorghum almum N N  N     

shatter cane Sorghum bicolor  N S    P  

Johnson grass Sorghum halepense N N  N  A P P 

Exotic bur-reed Sparganium erectum Aq P       

water aloes or water soldiers  Stratiotes aloides     PAq   P 

medusahead Taeniatherum caput-medusae        P 

salt cedar Tamarix spp.   Aq      

common tansy Tanacetum vulgare     C   R 

Spreading hedgeparsley Torilis arvensis         P 

Japanese hedgeparsley or erect 
hedgeparsley 

Torilis japonica        R, P 

poison ivy Toxicodendron radicans / Rhus toxicodendron     SR    

water chestnut Trapa natans Aq P  P PAq   P 

puncturevine Tribulus terrestris   S N     

colt's foot Tussilago farfara        P 

narrow-leaved cattail Typha angustifolia  P      R 

southern cattail Typha domingensis        P 

graceful cattail Typha laxmannii        P 

hybrid cattail Typha x glauca        R 

Siberian elm Ulmus pumila        R 

garden heliotrope Valeriana officinalis        R 

Japanese wisteria  Wisteria floribunda        P 

Chinese wisteria  Wisteria sinensis        P 

http://www.invasiveplantatlas.org/subject.html?sub=6440
http://www.invasiveplantatlas.org/subject.html?sub=6440
http://www.invasiveplantatlas.org/subject.html?sub=6431
http://www.invasiveplantatlas.org/subject.html?sub=6431
http://www.invasiveplantatlas.org/subject.html?sub=6429
http://www.invasiveplantatlas.org/subject.html?sub=6429
http://www.invasiveplantatlas.org/subject.html?sub=6435
http://www.invasiveplantatlas.org/subject.html?sub=6435
http://www.invasiveplantatlas.org/subject.html?sub=3075
http://www.invasiveplantatlas.org/subject.html?sub=3075
http://www.invasiveplantatlas.org/subject.html?sub=4575
http://www.invasiveplantatlas.org/subject.html?sub=4575
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=3078
http://www.invasiveplantatlas.org/subject.html?sub=3078
http://www.invasiveplantatlas.org/subject.html?sub=6517
http://www.invasiveplantatlas.org/subject.html?sub=6517
http://www.invasiveplantatlas.org/subject.html?sub=6532
http://www.invasiveplantatlas.org/subject.html?sub=6532
http://www.invasiveplantatlas.org/subject.html?sub=12275
http://www.invasiveplantatlas.org/subject.html?sub=12275
http://www.invasiveplantatlas.org/subject.html?sub=12275
http://www.invasiveplantatlas.org/subject.html?sub=3984
http://www.invasiveplantatlas.org/subject.html?sub=3984
http://www.invasiveplantatlas.org/subject.html?sub=3499
http://www.invasiveplantatlas.org/subject.html?sub=3499
http://www.invasiveplantatlas.org/subject.html?sub=3937
http://www.invasiveplantatlas.org/subject.html?sub=3937
http://www.invasiveplantatlas.org/subject.html?sub=11603
http://www.invasiveplantatlas.org/subject.html?sub=11603
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=3479
http://www.invasiveplantatlas.org/subject.html?sub=3479
http://www.invasiveplantatlas.org/subject.html?sub=3082
http://www.invasiveplantatlas.org/subject.html?sub=3082
http://www.invasiveplantatlas.org/subject.html?sub=3083
http://www.invasiveplantatlas.org/subject.html?sub=3083
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cocklebur Xanthium commune    S      

Grapevines: when growing in groups of one hundred or more and not pruned, sprayed, 
cultivated, or otherwise maintained for two consecutive years. 

      P  

Source: Midwest Invasive Plant Network 2015 

A = General noxious weed list 

Aq = prohibited aquatic plant or aquatic injurious plant 

C = Noxious weed, control list 

E = exotic weed or noxious weed, eradicate list 

N = noxious weed 

P = prohibited plant 

PAq = Prohibited aquatic plant 

Pe = pest species 

Pr = Primary noxious weed 

R = restricted plant species or noxious weed, restricted list 

RAq = Restricted aquatic plant 

S = secondary noxious weed 

 

http://www.invasiveplantatlas.org/subject.html?sub=
http://www.invasiveplantatlas.org/subject.html?sub=
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The noise screening approach was based on estimated existing ambient noise levels for one of 

the randomly generated WTG build-out scenarios. U.S. Census population data for the WTG build-

out areas or squares1 were used to estimate approximate ambient noise levels (Ldn) 

(U.S. Environmental Protection Agency, 1974) according to the following relationship: 

Ldn = 22 + 10log(P) 

Where P = population density (people/square mile) 

The results of the analysis will change if another build-out scenario were employed because the 

locations of the individual build-out areas will change. However, since the build-out scenarios were 

randomly generated, analysis results of one scenario will be as informative as analysis results of 

another scenario. 

Using U.S. Census Tiger population data, the average population density for each build-out area was 

calculated. Using the previous equation, the approximate ambient noise level (DNL) was calculated 

for each build-out area. Next, using sound power level data for one representative WTG2, the 

distance from the WTG to where a 5–10 dBA increase above existing ambient noise levels will occur 

was calculated for each build-out area. Depending on the calculated ambient noise level, these 

distances ranged from a few hundred feet to a few thousand feet. Next, based on the calculated 

impact distance and underlying census data-derived number of houses, the number of impacted 

houses were calculated for each build-out area. It is important to note that since the build-out areas 

are geographically large, these averaged results should be interpreted in terms of the probability of 

impact within each build-out area. There were 260 build-out areas analyzed across the 8 states. Of 

these 260 build-out areas, WTG noise will be noticeable (i.e., 5 dBA above ambient) at certain 

locations within all 260 build-out areas. Noise impacts (i.e., 10 dBA above ambient) will occur at 

certain locations within 112 build-out areas. Table D-1 shows the impact analysis results. 

Table D-1. WTG Noise Impact Results 

No. build-out areas with 
WTG noise levels @ + 5 
dBA above ambient 

No. Build-out areas with 
WTG noise levels @ + 10 
dBA above ambient 

No. homes @ + 5 dBA 
above ambient 

No. homes @ + 10 dBA 
above ambient 

260 112 863 273 

 

Table D-2 shows the calculated ambient noise levels and impact distances for all 260 build-out 

areas. 

The results of Table D-1 can be interpreted as follows: 

 WTG noise impacts are likely to occur in less than half of the build-out areas, assuming the 

construction of 1 WTG within a build-out area. This percentage will increase commensurately 

with the construction of windfarms or multiple WTGs. 

 WTG noise will be noticeable in all build-out areas. 

 The number of homes impacted (273) is relatively small considering the large 8-state study 

area. However, this value will increase commensurately with the construction or multiple WTGs. 

                                                             
1 A build-out scenario consists of several build-out areas or squares. 
2 For the analysis, a sound power level of 103 dBA from the Clipper 96 WTG was used. 
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 Site-specific noise studies (i.e., house level) will be needed for build-out areas deemed impacted 

(identified in Table D-2) according to this preliminary screening analysis. 
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Table D-2. Population Data, Ambient Noise Data, and Impact Calculations 

Row 
Labels 

Sum of SqMiles_ 
WholeBlock 

Sum of 
POP10 

Sum of 
HOUSING10 

People/
sq mile 

Ambient 
DNL 

Ambient 
+10 dB 

WTG 
Impact 
Distance 
(ft) 

Impact 
Area 
(sq mile) 

Relative 
Impact 
(%) 

No. 
Houses 
Impacted 
(+5 dB) 

No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

1 48.20848 501 261 10 32 42 1386 0.216355 0.004488 3.7 1.2 Impact Yes 

2 25.74984 1364 591 53 39 49 614 0.042447 0.001648 3.1 1.0  Yes 

3 74.36255 2619 1103 35 37 47 753 0.063841 0.000859 3.0 0.9  Yes 

4 42.52917 671 269 16 34 44 1125 0.14251 0.003351 2.9 0.9  Yes 

5 109.2079 1615 745 15 34 44 1162 0.152042 0.001392 3.3 1.0 Impact Yes 

6 60.26071 9455 4452 157 44 54 357 0.01433 0.000238 3.3 1.1 Impact Yes 

7 46.38889 2050 847 44 38 48 672 0.050879 0.001097 2.9 0.9  Yes 

8 63.88997 1637 714 26 36 46 882 0.087754 0.001374 3.1 1.0  Yes 

9 46.90639 952 451 20 35 45 992 0.110784 0.002362 3.4 1.1 Impact Yes 

10 38.97703 718 310 18 35 45 1041 0.122058 0.003132 3.1 1.0  Yes 

11 61.81115 4254 1868 69 40 50 538 0.03267 0.000529 3.1 1.0  Yes 

12 46.5737 501 215 11 32 42 1362 0.209019 0.004488 3.1 1.0  Yes 

13 35.62659 2324 1037 65 40 50 553 0.034468 0.000967 3.2 1.0 Impact Yes 

14 41.44439 590 256 14 34 44 1184 0.157941 0.003811 3.1 1.0  Yes 

15 48.65846 519 212 11 32 42 1368 0.210801 0.004332 2.9 0.9  Yes 

16 150.5789 4842 2163 32 37 47 788 0.069923 0.000464 3.2 1.0 Impact Yes 

17 45.92461 573 241 12 33 43 1265 0.180207 0.003924 3.0 0.9  Yes 

18 109.3048 3119 1457 29 37 47 836 0.078796 0.000721 3.3 1.1 Impact Yes 

19 120.114 2374 1193 20 35 45 1005 0.113761 0.000947 3.6 1.1 Impact Yes 

20 110.5607 7060 3312 64 40 50 559 0.035211 0.000318 3.3 1.1 Impact Yes 

21 68.22384 20326 7964 298 47 57 259 0.007547 0.000111 2.8 0.9  Yes 

22 60.44307 11203 4557 185 45 55 328 0.012131 0.000201 2.9 0.9  Yes 

23 45.29921 261 117 6 30 40 1861 0.39024 0.008615 3.2 1.0 Impact Yes 

24 60.21814 7964 3023 132 43 53 388 0.017001 0.000282 2.7 0.9  Yes 

25 61.68436 560 299 9 32 42 1482 0.247668 0.004015 3.8 1.2 Impact Yes 
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Row 
Labels 

Sum of SqMiles_ 
WholeBlock 

Sum of 
POP10 

Sum of 
HOUSING10 

People/
sq mile 

Ambient 
DNL 

Ambient 
+10 dB 

WTG 
Impact 
Distance 
(ft) 

Impact 
Area 
(sq mile) 

Relative 
Impact 
(%) 

No. 
Houses 
Impacted 
(+5 dB) 

No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

26 67.24549 1601 654 24 36 46 915 0.09444 0.001404 2.9 0.9  Yes 

27 44.65598 1228 474 27 36 46 852 0.081764 0.001831 2.7 0.9  Yes 

28 79.85528 101152 42172 1267 53 63 126 0.001775 2.22E-05 3.0 0.9  Yes 

29 67.6419 2644 1108 39 38 48 714 0.057522 0.00085 3.0 0.9  Yes 

30 144.5653 7085 3267 49 39 49 638 0.045878 0.000317 3.3 1.0 Impact Yes 

31 112.0447 2804 1203 25 36 46 893 0.089845 0.000802 3.1 1.0  Yes 

32 48.91718 5791 2271 118 43 53 411 0.018993 0.000388 2.8 0.9  Yes 

33 35.94709 9174 3128 255 46 56 280 0.00881 0.000245 2.4 0.8  Yes 

34 46.9964 42098 19183 896 52 62 149 0.00251 5.34E-05 3.2 1.0 Impact Yes 

35 44.27957 12360 3859 279 46 56 267 0.008055 0.000182 2.2 0.7  Yes 

36 20.82129 665 251 32 37 47 790 0.070399 0.003381 2.7 0.8  Yes 

37 32.97643 235 96 7 31 41 1673 0.315513 0.009568 2.9 0.9  Yes 

38 48.25638 1661 729 34 37 47 761 0.065323 0.001354 3.1 1.0  Yes 

39 48.43462 420 158 9 31 41 1517 0.259292 0.005353 2.7 0.8  Yes 

40 42.93903 8118 3221 189 45 55 325 0.011893 0.000277 2.8 0.9  Yes 

41 72.94302 851 400 12 33 43 1308 0.192724 0.002642 3.3 1.1 Impact Yes 

42 66.45069 1573 648 24 36 46 918 0.094985 0.001429 2.9 0.9  Yes 

43 120.9543 1220 516 10 32 42 1406 0.222917 0.001843 3.0 1.0  Yes 

44 50.42386 1041 414 21 35 45 983 0.10891 0.00216 2.8 0.9  Yes 

45 25.88146 107 53 4 28 38 2197 0.54386 0.021013 3.5 1.1 Impact Yes 

46 60.50542 1810 871 30 37 47 817 0.075162 0.001242 3.4 1.1 Impact Yes 

47 111.9602 1605 744 14 34 44 1180 0.156845 0.001401 3.3 1.0 Impact Yes 

48 63.06992 565 223 9 32 42 1492 0.25099 0.00398 2.8 0.9  Yes 

49 64.69005 3259 1348 50 39 49 629 0.044631 0.00069 2.9 0.9  Yes 

50 108.3143 5207 2322 48 39 49 644 0.046771 0.000432 3.2 1.0 Impact Yes 

51 21.03833 266 133 13 33 43 1256 0.177833 0.008453 3.6 1.1 Impact Yes 

52 40.3966 810 249 20 35 45 998 0.112135 0.002776 2.2 0.7  Yes 
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Row 
Labels 

Sum of SqMiles_ 
WholeBlock 

Sum of 
POP10 

Sum of 
HOUSING10 

People/
sq mile 

Ambient 
DNL 

Ambient 
+10 dB 

WTG 
Impact 
Distance 
(ft) 

Impact 
Area 
(sq mile) 

Relative 
Impact 
(%) 

No. 
Houses 
Impacted 
(+5 dB) 

No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

53 82.02229 4427 1895 54 39 49 608 0.041659 0.000508 3.0 1.0  Yes 

54 251.0539 3064 1319 12 33 43 1279 0.18423 0.000734 3.1 1.0  Yes 

55 103.0808 3566 1317 35 37 47 759 0.064995 0.000631 2.6 0.8  Yes 

56 50.2411 481 227 10 32 42 1444 0.234853 0.004675 3.4 1.1 Impact Yes 

57 47.36676 1717 721 36 38 48 742 0.062028 0.00131 3.0 0.9  Yes 

58 65.80784 1665 653 25 36 46 888 0.088868 0.00135 2.8 0.9  Yes 

59 22.72081 50 28 2 25 35 3011 1.021729 0.044969 4.0 1.3 Impact Yes 

60 15.51952 1523 771 98 42 52 451 0.022912 0.001476 3.6 1.1 Impact Yes 

61 45.05639 936 390 21 35 45 980 0.108234 0.002402 3.0 0.9  Yes 

62 395.2554 7592 3424 19 35 45 1019 0.117059 0.000296 3.2 1.0 Impact Yes 

63 38.01658 226 103 6 30 40 1832 0.378222 0.009949 3.2 1.0 Impact Yes 

64 233.9201 5963 2535 25 36 46 885 0.088203 0.000377 3.0 1.0  Yes 

65 9.281684 5495 1688 592 50 60 184 0.003798 0.000409 2.2 0.7  Yes 

66 98.50156 3744 1741 38 38 48 725 0.059155 0.000601 3.3 1.0 Impact Yes 

67 78.35681 258 135 3 27 37 2462 0.682872 0.008715 3.7 1.2 Impact Yes 

68 51.20008 5725 2198 112 42 52 422 0.020108 0.000393 2.7 0.9  Yes 

69 33.46211 29668 14887 887 51 61 150 0.002536 7.58E-05 3.6 1.1 Impact Yes 

70 67.95619 1153 483 17 34 44 1084 0.13252 0.00195 3.0 0.9  Yes 

71 70.39843 1071 514 15 34 44 1145 0.147794 0.002099 3.4 1.1 Impact Yes 

72 62.20844 383 177 6 30 40 1800 0.365201 0.005871 3.3 1.0 Impact Yes 

73 37.04744 968 340 26 36 46 874 0.086053 0.002323 2.5 0.8  Yes 

74 37.9483 2303 931 61 40 50 573 0.037049 0.000976 2.9 0.9  Yes 

75 38.96165 812 376 21 35 45 978 0.107886 0.002769 3.3 1.0 Impact Yes 

76 192.9715 6051 2518 31 37 47 798 0.071705 0.000372 3.0 0.9  Yes 

77 67.23374 1469 679 22 35 45 956 0.102908 0.001531 3.3 1.0 Impact Yes 

78 81.6935 713 298 9 31 41 1512 0.25762 0.003153 3.0 0.9  Yes 

79 45.19408 1612 790 36 38 48 748 0.063037 0.001395 3.5 1.1 Impact Yes 
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Row 
Labels 

Sum of SqMiles_ 
WholeBlock 

Sum of 
POP10 

Sum of 
HOUSING10 

People/
sq mile 

Ambient 
DNL 

Ambient 
+10 dB 

WTG 
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Distance 
(ft) 

Impact 
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(sq mile) 

Relative 
Impact 
(%) 

No. 
Houses 
Impacted 
(+5 dB) 

No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

80 62.63636 1925 726 31 37 47 806 0.073161 0.001168 2.7 0.8  Yes 

81 108.2536 8253 3172 76 41 51 512 0.029493 0.000272 2.7 0.9  Yes 

82 73.18851 256 135 3 27 37 2388 0.642813 0.008783 3.7 1.2 Impact Yes 

83 455.1214 6812 2395 15 34 44 1155 0.150222 0.00033 2.5 0.8  Yes 

84 188.0393 5082 2390 27 36 46 859 0.083195 0.000442 3.3 1.1 Impact Yes 

85 64.5588 8990 3307 139 43 53 379 0.016146 0.00025 2.6 0.8  Yes 

86 117.8166 2330 1053 20 35 45 1004 0.113693 0.000965 3.2 1.0 Impact Yes 

87 10.04938 534 205 53 39 49 613 0.042314 0.004211 2.7 0.9  Yes 

88 98.43636 3053 1197 31 37 47 802 0.072495 0.000736 2.8 0.9  Yes 

89 165.309 1191 607 7 31 41 1664 0.312081 0.001888 3.6 1.1 Impact Yes 

90 100.7194 1354 615 13 33 43 1218 0.167254 0.001661 3.2 1.0 Impact Yes 

91 47.07582 3131 1247 67 40 50 548 0.033806 0.000718 2.8 0.9  Yes 

92 20.69851 260 119 13 33 43 1260 0.178998 0.008648 3.3 1.0 Impact Yes 

93 64.56304 2468 1045 38 38 48 722 0.058819 0.000911 3.0 1.0  Yes 

94 44.60046 1355 573 30 37 47 810 0.074009 0.001659 3.0 1.0  Yes 

95 7.675863 2036 773 265 46 56 274 0.008477 0.001104 2.7 0.9  Yes 

96 79.07198 1258 562 16 34 44 1120 0.141327 0.001787 3.2 1.0 Impact Yes 

97 88.40404 1228 608 14 33 43 1198 0.161866 0.001831 3.5 1.1 Impact Yes 

98 29.78301 606 246 20 35 45 990 0.110504 0.00371 2.9 0.9  Yes 

99 68.1544 1336 578 20 35 45 1009 0.114702 0.001683 3.1 1.0  Yes 

100 46.76293 11999 5761 257 46 56 279 0.008763 0.000187 3.4 1.1 Impact Yes 

101 198.3035 1743 854 9 31 41 1507 0.255809 0.00129 3.5 1.1 Impact Yes 

102 147.3497 2832 1177 19 35 45 1019 0.116987 0.000794 3.0 0.9  Yes 

103 112.6884 3721 1554 33 37 47 777 0.068093 0.000604 3.0 0.9  Yes 

104 61.11493 2657 1032 43 38 48 677 0.051718 0.000846 2.8 0.9  Yes 

105 64.38992 4263 1732 66 40 50 549 0.033961 0.000527 2.9 0.9  Yes 

106 13.62194 84 35 6 30 40 1799 0.364621 0.026767 3.0 0.9  Yes 
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Row 
Labels 

Sum of SqMiles_ 
WholeBlock 

Sum of 
POP10 

Sum of 
HOUSING10 
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sq mile 

Ambient 
DNL 

Ambient 
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WTG 
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Distance 
(ft) 

Impact 
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(sq mile) 

Relative 
Impact 
(%) 

No. 
Houses 
Impacted 
(+5 dB) 

No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

107 46.061 426 187 9 32 42 1469 0.243112 0.005278 3.1 1.0  Yes 

108 48.11852 485 228 10 32 42 1407 0.223076 0.004636 3.3 1.1 Impact Yes 

109 59.20432 987 434 17 34 44 1094 0.134871 0.002278 3.1 1.0  Yes 

110 75.7691 711 365 9 32 42 1458 0.23961 0.003162 3.7 1.2 Impact Yes 

111 59.23522 2481 1142 42 38 48 690 0.053683 0.000906 3.3 1.0 Impact Yes 

112 66.42484 5462 2587 82 41 51 493 0.027344 0.000412 3.4 1.1 Impact Yes 

113 12.79638 2112 916 165 44 54 348 0.013623 0.001065 3.1 1.0  Yes 

114 40.88671 180 90 4 28 38 2129 0.51073 0.012491 3.6 1.1 Impact Yes 

115 17.99859 95 41 5 29 39 1944 0.425987 0.023668 3.1 1.0  Yes 

116 22.07826 159 69 7 31 41 1665 0.312212 0.014141 3.1 1.0  Yes 

117 102.0176 1954 939 19 35 45 1021 0.11739 0.001151 3.4 1.1 Impact Yes 

118 64.04037 6638 2702 104 42 52 439 0.021692 0.000339 2.9 0.9  Yes 

119 146.0505 2053 867 14 33 43 1191 0.159954 0.001095 3.0 0.9  Yes 

120 178.1659 2326 1088 13 33 43 1236 0.172225 0.000967 3.3 1.1 Impact Yes 

121 50.29422 1142 538 23 36 46 937 0.099023 0.001969 3.3 1.1 Impact Yes 

122 77.78929 1897 777 24 36 46 905 0.092201 0.001185 2.9 0.9  Yes 

123 12.05721 130 55 11 32 42 1360 0.208538 0.017296 3.0 1.0  Yes 

124 53.948 669 256 12 33 43 1268 0.181314 0.003361 2.7 0.9  Yes 

125 67.06151 357 179 5 29 39 1936 0.422364 0.006298 3.6 1.1 Impact Yes 

126 63.8769 458 194 7 31 41 1668 0.313589 0.004909 3.0 1.0  Yes 

127 43.05817 322 170 7 31 41 1633 0.300664 0.006983 3.8 1.2 Impact Yes 

128 59.87062 3734 1408 62 40 50 566 0.036051 0.000602 2.7 0.8  Yes 

129 61.73215 7131 2784 116 43 53 416 0.019464 0.000315 2.8 0.9  Yes 

130 62.53344 300 132 5 29 39 2039 0.468676 0.007495 3.1 1.0  Yes 

131 37.55187 620 257 17 34 44 1099 0.136183 0.003627 2.9 0.9  Yes 

132 53.8704 6727 2714 125 43 53 400 0.018006 0.000334 2.9 0.9  Yes 

133 66.25694 877 302 13 33 43 1228 0.169869 0.002564 2.4 0.8  Yes 
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Row 
Labels 

Sum of SqMiles_ 
WholeBlock 

Sum of 
POP10 
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HOUSING10 
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sq mile 

Ambient 
DNL 

Ambient 
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WTG 
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Distance 
(ft) 

Impact 
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(sq mile) 

Relative 
Impact 
(%) 

No. 
Houses 
Impacted 
(+5 dB) 

No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

134 32.75312 3011 1206 92 42 52 466 0.024458 0.000747 2.8 0.9  Yes 

135 43.53923 963 428 22 35 45 950 0.101657 0.002335 3.2 1.0  Yes 

136 70.30582 364 208 5 29 39 1963 0.434282 0.006177 4.1 1.3 Impact Yes 

137 64.03573 2234 883 35 37 47 756 0.06445 0.001006 2.8 0.9  Yes 

138 63.58058 13117 4712 206 45 55 311 0.010899 0.000171 2.6 0.8  Yes 

139 135.2445 803 392 6 30 40 1833 0.378692 0.0028 3.5 1.1 Impact Yes 

140 69.4665 16795 6472 242 46 56 287 0.0093 0.000134 2.7 0.9  Yes 

141 9.429925 161 60 17 34 44 1081 0.131694 0.013965 2.6 0.8  Yes 

142 28.72001 446 146 16 34 44 1134 0.144788 0.005041 2.3 0.7  Yes 

143 62.31263 330 157 5 29 39 1941 0.424565 0.006813 3.4 1.1 Impact Yes 

144 35.49453 2257 807 64 40 50 560 0.03536 0.000996 2.5 0.8  Yes 

145 7.773649 125 58 16 34 44 1114 0.139829 0.017988 3.3 1.0 Impact Yes 

146 54.13159 989 423 18 35 45 1045 0.123066 0.002273 3.0 1.0  Yes 

147 44.78758 13316 5287 297 47 57 259 0.007563 0.000169 2.8 0.9  Yes 

148 12.84966 86 43 7 30 40 1727 0.33595 0.026145 3.6 1.1 Impact Yes 

149 58.09445 87502 36107 1506 54 64 115 0.001493 2.57E-05 2.9 0.9  Yes 

150 226.7382 1335 663 6 30 40 1841 0.381879 0.001684 3.5 1.1 Impact Yes 

151 37.16518 1310 556 35 37 47 752 0.063789 0.001716 3.0 1.0  Yes 

152 9.761216 90 32 9 32 42 1471 0.243862 0.024983 2.5 0.8  Yes 

153 56.76934 17677 7648 311 47 57 253 0.007221 0.000127 3.1 1.0  Yes 

154 13.90884 779 330 56 39 49 597 0.040145 0.002886 3.0 1.0  Yes 

155 37.64148 345 161 9 32 42 1475 0.245318 0.006517 3.3 1.0 Impact Yes 

156 112.866 631 266 6 29 39 1889 0.402176 0.003563 3.0 0.9  Yes 

157 59.44384 39953 18092 672 50 60 172 0.003345 5.63E-05 3.2 1.0 Impact Yes 

158 110.0728 1774 937 16 34 44 1113 0.139511 0.001267 3.8 1.2 Impact Yes 

159 37.3537 2626 1094 70 40 50 533 0.031983 0.000856 3.0 0.9  Yes 

160 124.8842 794 379 6 30 40 1772 0.353646 0.002832 3.4 1.1 Impact Yes 
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Row 
Labels 

Sum of SqMiles_ 
WholeBlock 

Sum of 
POP10 

Sum of 
HOUSING10 
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sq mile 

Ambient 
DNL 

Ambient 
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WTG 
Impact 
Distance 
(ft) 

Impact 
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(sq mile) 

Relative 
Impact 
(%) 

No. 
Houses 
Impacted 
(+5 dB) 

No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

161 31.35407 161 74 5 29 39 1971 0.437875 0.013965 3.3 1.0 Impact Yes 

162 67.58312 10743 4563 159 44 54 354 0.014145 0.000209 3.0 1.0  Yes 

163 44.00999 1025 478 23 36 46 926 0.09654 0.002194 3.3 1.0 Impact Yes 

164 15.34574 1009 367 66 40 50 551 0.034196 0.002228 2.6 0.8  Yes 

165 60.21978 4571 1851 76 41 51 513 0.029622 0.000492 2.9 0.9  Yes 

166 12.89069 62 24 5 29 39 2037 0.467484 0.036265 2.8 0.9  Yes 

167 39.94251 231 144 6 30 40 1857 0.388781 0.009734 4.4 1.4 Impact Yes 

168 39.65313 381 164 10 32 42 1441 0.23401 0.005901 3.1 1.0  Yes 

169 44.49439 890 369 20 35 45 999 0.112408 0.002526 2.9 0.9  Yes 

170 29.33707 145 64 5 29 39 2009 0.454916 0.015507 3.1 1.0  Yes 

171 129.8426 996 456 8 31 41 1613 0.293116 0.002257 3.3 1.0 Impact Yes 

172 38.75639 2084 841 54 39 49 609 0.041815 0.001079 2.9 0.9  Yes 

173 70.95175 2031 911 29 37 47 835 0.078548 0.001107 3.2 1.0 Impact Yes 

174 61.06695 349 158 6 30 40 1868 0.393426 0.006443 3.2 1.0 Impact Yes 

175 211.4334 14426 4624 68 40 50 541 0.032954 0.000156 2.3 0.7  Yes 

176 39.47203 282 122 7 31 41 1671 0.314719 0.007973 3.1 1.0  Yes 

177 106.6029 365 185 3 27 37 2414 0.656687 0.00616 3.6 1.1 Impact Yes 

178 35.27617 211 101 6 30 40 1826 0.375908 0.010656 3.4 1.1 Impact Yes 

179 189.0903 1327 653 7 30 40 1686 0.320391 0.001694 3.5 1.1 Impact Yes 

180 59.63429 432 187 7 31 41 1660 0.31038 0.005205 3.1 1.0  Yes 

181 13.5154 54 30 4 28 38 2235 0.562752 0.041638 4.0 1.2 Impact Yes 

182 174.8636 2410 1076 14 33 43 1203 0.163141 0.000933 3.2 1.0 Impact Yes 

183 77.76167 1500 643 19 35 45 1017 0.116562 0.001499 3.0 1.0  Yes 

184 72.78762 2349 911 32 37 47 786 0.069672 0.000957 2.8 0.9  Yes 

185 183.3448 68579 31172 374 48 58 231 0.006011 3.28E-05 3.2 1.0 Impact Yes 

186 63.12376 2141 918 34 37 47 767 0.066292 0.00105 3.0 1.0  Yes 

187 72.6045 3848 1566 53 39 49 614 0.042424 0.000584 2.9 0.9  Yes 
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Sum of SqMiles_ 
WholeBlock 
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(ft) 

Impact 
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Impact 
(%) 

No. 
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Impacted 
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No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

188 17.41083 1009 409 58 40 50 587 0.038798 0.002228 2.9 0.9  Yes 

189 107.6362 43990 16555 409 48 58 221 0.005502 5.11E-05 2.7 0.8  Yes 

190 9.014711 82 38 9 32 42 1481 0.247184 0.02742 3.3 1.0 Impact Yes 

191 14.10031 81 38 6 30 40 1864 0.391404 0.027759 3.3 1.1 Impact Yes 

192 33.9656 11383 5175 335 47 57 244 0.006709 0.000198 3.2 1.0 Impact Yes 

193 71.81825 3275 1395 46 39 49 661 0.049307 0.000687 3.0 1.0  Yes 

194 143.6623 920 442 6 30 40 1765 0.351105 0.002444 3.4 1.1 Impact Yes 

195 88.40618 1395 687 16 34 44 1124 0.142492 0.001612 3.5 1.1 Impact Yes 

196 19.00189 259 103 14 33 43 1210 0.16496 0.008681 2.8 0.9  Yes 

197 18.35759 1570 669 86 41 51 483 0.02629 0.001432 3.0 1.0  Yes 

198 76.47915 3114 1412 41 38 48 700 0.055221 0.000722 3.2 1.0 Impact Yes 

199 53.6082 1857 836 35 37 47 759 0.064908 0.001211 3.2 1.0 Impact Yes 

200 43.54522 5959 2142 137 43 53 382 0.01643 0.000377 2.6 0.8  Yes 

201 65.19522 956 409 15 34 44 1166 0.153335 0.002352 3.0 1.0  Yes 

202 36.49987 183 107 5 29 39 1995 0.448458 0.012287 4.2 1.3 Impact Yes 

203 12.97481 81 36 6 30 40 1788 0.360162 0.027759 3.2 1.0  Yes 

204 13.9299 111 45 8 31 41 1582 0.282168 0.020256 2.9 0.9  Yes 

205 92.31694 547 267 6 30 40 1835 0.379469 0.004111 3.5 1.1 Impact Yes 

206 34.39815 252 96 7 31 41 1650 0.306914 0.008922 2.7 0.9  Yes 

207 11.42299 143 61 13 33 43 1262 0.179608 0.015723 3.0 1.0  Yes 

208 65.53001 2411 1284 37 38 48 736 0.061112 0.000933 3.8 1.2 Impact Yes 

209 191.789 3036 1249 16 34 44 1123 0.142038 0.000741 2.9 0.9  Yes 

210 60.93525 2628 1230 43 38 48 680 0.052135 0.000856 3.3 1.1 Impact Yes 

211 13.13441 223 111 17 34 44 1084 0.13243 0.010083 3.5 1.1 Impact Yes 

212 74.35314 3054 1458 41 38 48 697 0.054741 0.000736 3.4 1.1 Impact Yes 

213 104.1114 2368 1151 23 36 46 937 0.098855 0.00095 3.5 1.1 Impact Yes 

214 106.0599 1298 564 12 33 43 1277 0.183721 0.001732 3.1 1.0  Yes 
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(+10 dB) Impact 

Notice-
able 

215 43.87948 677 303 15 34 44 1137 0.145732 0.003321 3.2 1.0 Impact Yes 

216 96.79299 823 357 9 31 41 1532 0.264439 0.002732 3.1 1.0  Yes 

217 64.9488 13610 6546 210 45 55 309 0.01073 0.000165 3.4 1.1 Impact Yes 

218 74.162 995 387 13 33 43 1219 0.167587 0.00226 2.8 0.9  Yes 

219 98.89012 1298 670 13 33 43 1233 0.171301 0.001732 3.7 1.2 Impact Yes 

220 13.42582 1712 666 128 43 53 396 0.017633 0.001313 2.8 0.9  Yes 

221 24.84042 206 83 8 31 41 1551 0.271128 0.010915 2.9 0.9  Yes 

222 250.8552 3804 1620 15 34 44 1147 0.148274 0.000591 3.0 1.0  Yes 

223 121.7661 863 374 7 31 41 1678 0.317247 0.002605 3.1 1.0  Yes 

224 22.22583 136 62 6 30 40 1806 0.367452 0.016533 3.2 1.0 Impact Yes 

225 59.45835 2780 1153 47 39 49 653 0.048089 0.000809 2.9 0.9  Yes 

226 155.8596 6144 2763 39 38 48 711 0.057038 0.000366 3.2 1.0 Impact Yes 

227 15.04687 87 38 6 30 40 1858 0.388874 0.025844 3.1 1.0  Yes 

228 7.838785 50 21 6 30 40 1769 0.352501 0.044969 3.0 0.9  Yes 

229 31.41318 306 169 10 32 42 1431 0.230819 0.007348 3.9 1.2 Impact Yes 

230 19.79486 703 246 36 38 48 750 0.063311 0.003198 2.5 0.8  Yes 

231 46.17507 2258 1037 49 39 49 639 0.04598 0.000996 3.3 1.0 Impact Yes 

232 352.8127 2427 1076 7 30 40 1703 0.326856 0.000926 3.2 1.0  Yes 

233 16.34312 334 141 20 35 45 988 0.11002 0.006732 3.0 0.9  Yes 

234 16.24689 117 42 7 31 41 1665 0.312224 0.019217 2.6 0.8  Yes 

235 25.15727 647 272 26 36 46 881 0.087426 0.003475 3.0 0.9  Yes 

236 7.35106 23 13 3 27 37 2525 0.718628 0.097758 4.0 1.3 Impact Yes 

237 112.0113 674 338 6 30 40 1821 0.373666 0.003336 3.6 1.1 Impact Yes 

238 49.46125 1496 673 30 37 47 812 0.074339 0.001503 3.2 1.0 Impact Yes 

239 11.95159 260 135 22 35 45 958 0.103356 0.008648 3.7 1.2 Impact Yes 

240 14.3542 92 45 6 30 40 1764 0.350811 0.02444 3.5 1.1 Impact Yes 

241 60.91277 3496 1598 57 40 50 590 0.039176 0.000643 3.3 1.0 Impact Yes 
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WTG 
Impact 
Distance 
(ft) 

Impact 
Area 
(sq mile) 

Relative 
Impact 
(%) 

No. 
Houses 
Impacted 
(+5 dB) 

No. 
Houses 
Impacted 
(+10 dB) Impact 

Notice-
able 

242 47.60661 5785 2254 122 43 53 405 0.018503 0.000389 2.8 0.9  Yes 

243 65.41742 17690 6333 270 46 56 272 0.008315 0.000127 2.5 0.8  Yes 

244 66.26914 167 95 3 26 36 2814 0.89223 0.013464 4.0 1.3 Impact Yes 

245 49.18613 407 134 8 31 41 1553 0.271725 0.005524 2.3 0.7  Yes 

246 64.17936 3069 1533 48 39 49 646 0.04702 0.000733 3.6 1.1 Impact Yes 

247 112.4941 517 425 5 29 39 2084 0.489239 0.004349 5.8 1.8 Impact Yes 

248 17.01207 1874 524 110 42 52 426 0.020411 0.0012 2.0 0.6  Yes 

249 24.12393 114 49 5 29 39 2055 0.475801 0.019723 3.1 1.0  Yes 

250 93.22319 1217 669 13 33 43 1236 0.172233 0.001848 3.9 1.2 Impact Yes 

251 107.6362 6277 2921 58 40 50 585 0.038556 0.000358 3.3 1.0 Impact Yes 

252 81.0742 716 479 9 31 41 1503 0.254596 0.00314 4.8 1.5 Impact Yes 

253 146.4488 501 205 3 27 37 2415 0.657249 0.004488 2.9 0.9  Yes 

254 7.601338 860 367 113 43 53 420 0.019873 0.002614 3.0 1.0  Yes 

255 17.14575 39 10 2 26 36 2962 0.988494 0.057652 1.8 0.6  Yes 

256 58.17151 84 124 1 24 34 3717 1.557088 0.026767 10.5 3.3 Impact Yes 

257 89.51178 36 35 0 18 28 7044 5.590617 0.062457 6.9 2.2 Impact Yes 

258 28.75051 15 11 1 19 29 6184 4.309594 0.149896 5.2 1.6 Impact Yes 

259 50.81247 383 199 8 31 41 1627 0.2983 0.005871 3.7 1.2 Impact Yes 

260 202.614 6 35 0 7 17 25957 75.92769 0.374741 41.5 13.1 Impact Yes 
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This appendix provides recommended mitigation measure that could lessen visual resource impacts 

described above. Although not required by the Service, many are typically undertaken for large scale 

construction activities across multiple industries. Additionally, these mitigation measures, or similar 

ones, could be required by other Federal, state, or local jurisdictions. 

Mitigation Measure VIS-1: Minimize wind turbine construction activity near residential 

and sensitive visual resource areas 

Under this mitigation measure, the magnitude and duration of construction activities occurring 

near residential and sensitive visual resource areas will be minimized to the maximum extent 

feasible. Construction contractors will adhere to the following requirements: 

 Staging areas will not be located on residential land. 

 Access routes will avoid use of residential and sensitive visual resource areas wherever 

feasible. 

 Major construction activities will not be undertaken between sunset and sunrise or on 

weekends within 0.5 mile of sensitive residential or recreational visual receptors. 

Construction activity is specifically prohibited from using high-wattage lighting sources to 

illuminate work sites after sunset and before sunrise, with the exception of nighttime 

deliveries under an approved transportation control plan or other construction activities 

that require nighttime work for safety considerations. 

 At a minimum, the construction contractor should minimize project-related light and 

resulting glare to the maximum extent feasible, given safety considerations when used. 

Color-corrected halide lights will be used. Portable lights will be operated at the lowest 

allowable wattage and height and will be raised to a height no greater than 20 feet. All lights 

will be screened and directed downward toward work activities and away from the night 

sky and nearby residents and sensitive visual resource areas to the maximum extent 

possible. The number of nighttime lights used will be minimized to the greatest extent 

possible. 

 Construction on park lands should be during hours when parks are closed, wherever 

feasible. 

 The duration of construction on residential and sensitive visual resource areas should be 

minimized. Material and equipment should be brought to such sites as close to the start time 

of construction as possible and should be removed from such sites as soon after 

construction completion as possible. 

 If multiple day construction is required near residential or sensitive visual resource areas, 

construction materials and equipment should be kept in good order and all trash and debris 

contained. 

 Construction contractors should coordinate with sensitive visual resource area operators 

and residential landowners and residents to inform them of planned construction activities 

well in advance of construction. 

 The contractor should install visual barriers to obstruct undesirable views of construction 

staging areas from sensitive receptors, namely near residential or sensitive visual resource 

areas that are located within 0.5 mile of a wind energy facility-related construction site. The 
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visual barrier may be chain link fencing with privacy slats, fencing with windscreen 

material, wood or concrete barrier/soundwall, or other similar barrier. The visual barrier 

should be a minimum of 6 feet high to help to maintain the privacy of sensitive visual 

receptors’ ground-level views toward construction activities. While this visual barrier will 

introduce a visual intrusion, it will greatly reduce the visual effects associated with visible 

construction staging areas and screening construction staging and protecting privacy is 

deemed desirable. 

Mitigation Measure VIS-2: Minimize the visual intrusion of wind energy facilities through 

aesthetic design treatments and design techniques 

Under this mitigation measure, turbines, new infrastructure (i.e., substations, transmission lines, 

associated equipment, fencing), buildings and structures, and roadways constructed under the 

MSHCP will be designed in a manner that allows these features to blend with the surrounding 

built and natural environments so that the new features complement the visual landscape. 

Aesthetic design treatments will be used, to the extent feasible, to minimize the impact on 

existing visual quality and character in the AVE associated with the introduction of wind energy 

development. Aesthetic treatments to project features will be implemented to help soften their 

visual intrusion upon the landscape, especially in areas of high use. Measures could include, but 

are not limited to, the following: 

Site Development Review 

 New wind energy facilities along ridgelines or hilltops that have not previously been 

developed with commercial-scale wind energy facilities will not be allowed, unless a 

separate site development review is completed that determines that the visual effects will 

be substantially avoided by distance from sensitive public view points, intervening terrain, 

screening landscaping, or compensatory improvements to equivalent and nearby (radius of 

1 mile) scenic features, as approved by the appropriate planning entity. 

 Regardless of location, site development review will also include early coordination with the 

operating agencies of sensitive visual resource areas (operating agencies) that include, but 

are not limited to, the resources listed in Table 3.7-1 and 3.7-2, whose viewsheds are likely 

to be affected by the development of a wind energy facility under the MSHCP. 

General Site Design 

 Project design will be done in a manner to minimize the amount of vegetation clearing 

required and the resulting visibility of projects under the MSHCP as seen from other offsite 

areas. Creation of wide, circular clearings with hard edges are often the most visible and will 

be minimized to the greatest extent practical. Techniques incorporated into the design have 

included creating clearings that are as small as possible based on terrain and safety 

considerations; creating serpentine, feathered edges through strategic vegetation removal, 

instead of regular, hard edges; orienting clearings to take maximum advantage of vegetative 

and topographic screening; and retaining tree canopy for visual screening. This design 

approach will reduce the visible surface area of the cleared sites and maximize the visual 

buffer provided by the forest canopy. 

 Project features will be sited in a manner that locates them away from sensitive visual 

resources (i.e., state scenic highways) and receptors to the degree possible to minimize the 

impact on visual quality. 
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 Building heights should be reduced, where possible, to reduce visibility. Also, where 

appropriate, measures to lower the finished grade upon which features are built or the 

finished floor elevation of buildings will be used to sink features lower than the surrounding 

terrain will be utilized to reduce visibility from sensitive visual resource areas. 

 Project landscaping will be implemented where landscaping is able to improve project 

aesthetics, provide visual screening, and restore vegetation affected by construction. 

Features such as landscape berms, combined with tree and shrub plantings will be used to 

help screen built features from existing viewpoints by allowing for additional height. 

Landscape berms, if used, will be constructed in a manner that has a more natural form, as 

opposed to one that is highly regular and levee-like. The berms will be seeded with a native 

meadow erosion control seed mix and be planted to comply with directions set forth herein. 

 Vegetative accents and screening will be used to aid in a perceived reduction in the scale 

and mass of the built features, while accentuating the design treatments that will be 

applied to built features. A landscaping plan will be designed for each phase of 

development by a Landscape Architect or qualified biologist and implemented by the 

project proponent. The species composition of project area landscaping will incorporate 

species that are native to the project area and region, or other suitable regionally 

adapted nonnative plant species that will provide fire-resistant vegetation consistent 

with fire protection needs. The landscaping plan will be designed to maintain high 

aesthetic quality within the project area and enhance the screening of views of project 

elements from existing viewer groups. The species list will include trees, shrubs, and 

herbaceous understory plants of varying heights, as well as evergreen and deciduous 

plant types. Plant variety will increase the effectiveness of the buffer by providing 

multiple layers, seasonality, more diverse habitat, and reduced susceptibility to disease. 

 One hundred percent of the species composition of open space areas will reflect species 

that are native and indigenous to the study area. The species list will include trees, 

shrubs, and an herbaceous understory of varying heights, as well as both evergreen and 

deciduous types. Plant variety will increase the effectiveness of revegetated areas by 

providing multiple layers, seasonality, diverse habitat, and reduced susceptibility to 

disease. 

 Native grass and wildflower seeds will be used in erosion control measures where such 

a measure will improve aesthetics. Wildflowers will provide seasonal interest to areas 

where trees and shrubs are removed or grading has occurred. Species will be chosen 

that are native and indigenous to the area and for their appropriateness to the 

surrounding habitat. For example, upland grass and wildflower species will be chosen 

for drier, upland areas and wetter grass species will be chosen for wetland areas. If not 

appropriate to the surrounding habitat, wildflowers will not be included in the seed mix. 

Under no circumstances will invasive plant species be used in any erosion control 

measures. 

 Design of the landscaping plan will maximize the use of planting zones that do not need 

irrigation because they are seeded with a native grassland and wildflower meadow mix, 

which reduces or eliminates the need for a permanent irrigation system. 

 If an irrigation system is required, an irrigation and maintenance program will be 

implemented during the plant establishment period and carried on, as needed, to ensure 

plant survival. Areas that are irrigated will use a smart watering system that evaluates 
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the existing site conditions and plant material against weather conditions to avoid 

overwatering of such areas. To avoid undue water flows, the irrigation system will be 

managed in such a manner that any broken spray heads, pipes, or other components are 

fixed within 1 to 2 days, or the zone or system will be shut down until it can be repaired. 

 All measures prescribed above to screen facilities will not act to degrade or eliminate 

scenic vistas or be designed in a manner that negatively affects views from sensitive 

visual resource areas. 

 Low impact development (LID) measures that disperse and reduce runoff by using such 

features as vegetated buffer strips between paved areas that catch and infiltrate runoff, 

bioswales, cisterns, and detention basins will be used where appropriate. In addition, the 

use of pervious paving will be evaluated and used where appropriate to improve infiltration 

and to reduce the amount of surface runoff from entering waterways and the stormwater 

system. However, LID measures will not be used where infiltration could result in adverse 

environmental effects. 

 During site restoration, all disturbed terrain will be restored. Replacement plantings will be 

installed in areas where vegetation was removed. All replacement plantings will be native 

and indigenous to the area. No invasive plant species will be used under any conditions. 

Turbines 

 Aesthetic considerations should be considered when selecting turbine design. Different 

turbine designs have different characteristics and these characteristics may make one 

turbine more desirable than another, depending upon location. 

 Options to reduce turbine height will be considered; turbine spacing and strategic turbine 

siting design will be used to minimize visual impacts. Aesthetic considerations should be 

balanced with other considerations including cost, safety, maintenance, durability, and 

avoiding impacts to sensitive habitats. 

 Turbines and supporting structures will be a non-reflective, unobtrusive neutral color that 

recedes into the surrounding environment. Colors such as off-white, beige (or similar 

shade), or gray will be used instead of bright whites. 

Infrastructure 

 New features will be painted with a shade that is two to three shades darker than the 

general surrounding area, unless aesthetic design treatments indicate another color 

selection should be used with the intent to specifically improve aesthetics. 

 Paints used on new features will be of a dull, flat, or satin finish to reduce potential for glare, 

and the use of glossy paints for surfaces will be avoided. Appropriate paint type will be 

selected for the finished structures to ensure long-term durability of the painted surfaces. 

The appropriate wind energy facility operator or organization will maintain the paint color 

over time. Unpainted metal surfaces will not be permitted. 

 Project proponents will consider design details to ensure that infrastructure and buildings 

structures are complementary of one another so that these facilities do not create further 

visual discordance in the landscape. Ancillary project features will be constructed with low 

sheen and non-reflective surface materials to reduce potential for glare. 
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 These methods will also be applied to transmission poles and chain link fencing. 

 Wooden transmission poles require no color treatment because they are made of 

natural materials that already blend within visual landscapes. 

 Metal transmission poles and towers, including substations, will be painted or powder 

coated with appropriate colors to make the structures recede into the visual landscape. 

 Chain link fences will be plastic or vinyl coated with colors selected using the BLM 

selection techniques to make chain link fences to appear more see-through than non-

treated, light grey metal fencing that acts as a visual barrier to a degree, which will be 

avoided. 

 Any visible pipelines, guardrails, and signs (excluding reflective sign boards for safety) 

will be of a material or color that helps surfaces to blend better with the surroundings. 

These elements will be constructed with low-sheen and non-reflective surface materials 

to reduce potential for glare, and the use of glossy paints or surfaces will be avoided. 

 Finishes will be selected for their ability to achieve the correct color selection, 

durability, and environmental safety. 

Buildings and Structures 

 Project proponents will evaluate similar, local well-designed buildings, including those with 

historic value, and use these features as a design precedent to develop designs for 

constructed features under the MSHCP so that the resultant design will complement the 

natural landscape, be aesthetically pleasing, and minimize the effects of visual intrusion of 

wind energy facilities on the landscape, to the extent feasible. Where no local design 

precedent exists, project proponents will research structure designs outside the local area. 

Buildings will be designed in a manner that allows these features to blend with the 

surrounding built and natural environments so that these structures complement the visual 

landscape, especially when located within scenic vista views. Roofing materials will be 

colored using a shade that is visually cohesive with the general surrounding natural area. 

Building facades will be colored in mid-range to darker earth tones to help buildings blend 

better within the natural setting. White and lighter beiges and tans, which will make 

buildings stand out and contrast against nearby darker natural landscape, will be avoided. 

 Project proponents will implement aesthetic design features at concrete or shotcrete 

structures that are highly visible to the public. These features may include mimicking 

natural material (e.g., stone or rock surfacing) and integral color, in the same theme, to 

reduce visibility and to better blend with the landscape. 

Roadways 

New roadways constructed to provide access to wind energy facilities constructed under the 

MSHCP will be designed and constructed in the following manner: 

 Roadway alignments will be designed to follow (be parallel to) natural contours to the 

degree possible to create roadways that fit within the visual landscape rather than designing 

roads that run at angles or perpendicular to natural contours and cut across the visual 

landscape. However, roadway alignments will be designed to avoid sensitive habitats and 

sensitive visual resource areas, to the degree possible. Therefore, this mitigation measure 
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does not preclude roads that run perpendicular to natural contours where such alignments 

will avoid sensitive features or result in the least amount of impact to such features. 

 Roadways will be designed to minimize unnecessary disturbance; close attention will be 

paid to road type and road width. For example, two-track access roads may suffice instead of 

wider, graded or paved roadways. Similarly, graded or gravel roads may suffice instead of 

paved roadways. Roadway width can also be minimized by providing periodic passing turn-

outs, instead of having a continuous wide roadway. 

 Working with the design engineer, site-specific location adjustments will be identified to 

avoid adversely affecting mature tree and shrub groupings to the extent feasible and to 

avoid creating large, linear swaths of vegetation clearing through the construction of new 

access routes. 

 Areas adjacent to new roadways that are disturbed during construction will be revegetated 

with hydroseeding containing native seed mixes and native trees and shrubs, if trees and 

shrubs are suitable to the affected roadside habitat. Under no circumstances will invasive 

plant species be used. 

Mitigation Measure VIS-3: Locate new transmission lines and access routes to minimize 

the removal of trees and shrubs and pruning needed to accommodate new transmission 

lines where undergrounding transmission lines is not feasible or desirable 

Under this mitigation measure, if transmission lines cannot be underground, project proponents 

will make site-specific design decisions to locate new transmission lines and access routes to 

minimize effects on vegetation where feasible. These efforts will include the following actions. 

 Working with the design engineer, site-specific location adjustments will be identified to 

avoid adversely affecting mature tree and shrub groupings to the extent feasible and to 

avoid creating large, linear swaths of vegetation clearing through the construction of new 

transmission lines. 

 Where new transmission lines are located near trees along or near sensitive visual resource 

areas, the construction contractor will be required to utilize selective pruning techniques to 

avoid hard pruning of tree canopies that will negatively affect those scenic resources and 

views associated with sensitive areas. 

 Existing transmission corridors will be evaluated for placement of the new transmission 

lines to avoid creating new transmission corridors to the extent feasible. 

 Undergrounding transmission lines will not be used where implementation will constitute 

an adverse effect on sensitive habitats or sensitive species that will outweigh the reduction 

of visual effects. 

Implementation of this measure will minimize the effects on existing visual quality and 

character that will result from removal and pruning of mature vegetation within proposed new 

transmission lines. This measure will provide for a reduction in the number of trees and shrubs 

removed from installation of transmission lines and development of access roads. 
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Mitigation Measure VIS-4: Maintain site free of debris and restore abandoned roadways 

Under this mitigation measure, proper site maintenance of wind energy facilities will ensure 

that facilities do not contribute to a decline in the visual character or quality of project sites, 

once in operation. 

 Project sites will be cleaned of all derelict equipment, wind turbine components not 

required for the project, and litter and debris from old turbines and past turbine operations. 

Such litter and debris may include derelict turbines, obsolete anemometers, unused 

electrical poles, broken turbine blades, and trash that blows onto or is illegally dumped and 

accumulates on the site. All parcels with turbines operating under the MSHCP will be 

maintained in such a manner through the life of project operations and until the parcels are 

reclaimed in accordance with the approved reclamation plan. 

 Surplus parts and materials that are kept onsite will be maintained in a neat and orderly 

fashion and screened from view. This can be accomplished by using a weatherproof 

camouflage material that can be draped over surplus parts and materials stockpiles. Draping 

materials will be changed out to accommodate for seasonal variations so that surplus 

materials are camouflaged in an effective manner when grasses are both green and brown. 

 In addition, roads that are no longer needed and become abandoned on such parcels will be 

restored and hydroseeded to reclaim the sites and remove their visual traces from the 

viewscape, except in cases where the relevant resource agencies (e.g., USFS or BLM) 

recommend that the features be left in place for resource protection. Restoration of 

roadways will include paying close attention to the surrounding landscape and using 

roughened surfaces and grade restorations, as appropriate, rather than just scarifying and 

seeding old road beds and leaving roadway cuts on slopes. In addition, restored surfaces will 

be hydroseeded and replanted, as appropriate with the surrounding habitat, with native 

seed mixes, trees, and shrubs. Under no circumstances will invasive plant species be used. 

Mitigation Measure VIS-5: Apply minimum lighting standards 

Under this mitigation measure, project proponents will implement an interior lighting policy for 

all new buildings that does the following: 

 Building design will be required to include low-intensity interior safety lighting for use 

during afterhours instead of using standard interior lighting for safety purposes. This 

practice will decrease the amount of nighttime light that will occur from using standard 

interior lighting as safety lighting. 

 Use of interior lights to ensure building safety will be allowed, but the unnecessary overuse 

of interior nighttime lighting will be prevented by requiring that interior spaces implement 

a “lights-off” policy. This practice requires that all non-safety lighting be turned off at night 

(such as in offices and hallways), after business hours. This may be accommodated by 

utilizing automatic motion sensor lighting that is programmed for use afterhours. 

 Use of harsh mercury vapor or low-pressure sodium bulbs will be prohibited. 

All artificial outdoor lighting will be limited to safety and security requirements, designed using 

Illuminating Engineering Society’s design guidelines, and in compliance with International Dark-

Sky Association approved fixtures. All lighting is designed to have minimum impact on the 

surrounding environment and will use downcast, cut-off type fixtures that are shielded and 
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direct the light only towards objects requiring illumination. Therefore, lights will be installed at 

the lowest allowable height and cast low-angle illumination while minimizing incidental light 

spill onto adjacent properties, open spaces, or backscatter into the nighttime sky. The lowest 

allowable wattage will be used for all lighted areas and the amount of nighttime lights needed to 

light an area will be minimized to the highest degree possible to ensure that spaces are not 

unnecessarily over-lit. Light fixtures will have non-glare finishes that will not cause reflective 

daytime glare. Lighting will be designed for energy efficiency and have daylight sensors or be 

timed with an on/off program. Lights will provide good color rendering with natural light 

qualities with the minimum intensity feasible for security, safety, and personnel access. Lighting, 

including light color rendering and fixture types, will be designed to be aesthetically pleasing. 

LED lighting will avoid the use of blue rich white light lamps and use a correlated color 

temperature that is no higher than 3,000 Kelvin, consistent with the International Dark-Sky 

Associations Fixture Seal of Approval program (International Dark-Sky Association 2010a, 

2010b, 2015). In addition, LED lights will use shielding to ensure that nuisance glare and light 

spill do not affect sensitive residential viewers. 

Technologies to reduce light pollution evolve over time and design measures that are currently 

available may help but may not be the most effective means of controlling light pollution once 

the project is designed. Therefore, all design measures used to reduce light pollution will employ 

the technologies available at the time of project design to allow for the highest potential 

reduction in light pollution. 

Mitigation Measure VIS-6: Analyze shadow flicker distance and mitigate effects or 

incorporate changes into project design to address shadow flicker 

Under this mitigation measure, where shadow flicker could result from the installation of wind 

turbines proposed near residences or sensitive visual resource areas (i.e., within 500 meters 

[1,640 feet] in a generally east or west direction to account for seasonal variations), the project 

proponent will prepare a graphic model and study to evaluate shadow flicker impacts on nearby 

residences and sensitive visual resource areas. No shadow flicker in excess of 30 minutes in a 

given day or 30 hours in a given year will be permitted. If it is determined that existing setback 

requirements as established by state or local jurisdictions are not sufficient to prevent shadow 

flicker impacts on residences or sensitive visual resource areas, the project proponent will be 

required by the applicable state or local authority to increase the setback distances to ensure 

that residences are not affected. If any residence or sensitive visual resource area is affected by 

shadow flicker within the 30-minute/30-hour thresholds, the project proponent will implement 

measures to minimize the effect, such as relocating the turbine; providing opaque window 

coverings, window awnings, landscape buffers, or a combination of these features to reduce 

flicker to acceptable limits for the affected receptor; or shutting down the turbine during the 

period shadow flicker will occur. Such measures may be undertaken in consultation with the 

owner of the affected residence or operating agency of the sensitive visual resource area. If the 

shadow flicker study indicates that any given turbine will result in shadow flicker exceeding the 

30-minute/30-hour thresholds and the property owner or operating agency is not amenable to 

window coverings, window awnings, or landscaping and the turbine cannot be shut down 

during the period of shadow flicker, then the turbine will be relocated to reduce the effect to 

acceptable limits. 
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This appendix summarizes the research conducted to inform the cumulative impacts analysis (see 

Chapter 5 of the Environmental Impact Statement [EIS]). The following tables provide regional and 

state-specific information on the following trends: population shifts (increased urbanization and 

suburbanization); agricultural trends concerning agricultural productivity and farmland values; and 

economic growth (e.g., industrial, technological, and energy sectors including renewable energy). 

The tables are presented in the following sequence: 

 Midwest Region at a glance 

 Illinois 

 Indiana 

 Iowa 

 Michigan 

 Minnesota 

 Missouri 

 Ohio 

 Wisconsin 
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Table G-1. Midwest Region at a Glance 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

Suburban Sprawl 

 The suburban share of overall metropolitan 
area growth averaged more than 100% in the 
Midwest (compared to 83.7% nationally) as a 
result of continuing population losses in 
several large cities. 

Farmland Values Dipping 

 Midwest, U.S. continue to lose farms. 

 In 2012, nearly two-thirds of the Midwest’s 
farms had gross sales of less than $50,000, an 
indication that farming is not the primary 
income for many farm families; since 2007, the 
share of farmers with primary occupations off 
the farm grew from 49% to 51%. Only 6% of 
the Midwest’s farms (and 3.8% nationally) had 
gross sales of more than $1 million. 

 The cost of farmland continues to rise (up 
more than 20% year-over-year in the 
Midwest), as do expenses related to everything 
from equipment and fuel to feed and fertilizer. 
Link 

 There is an aging population of farmers, and 
principal farm operations with fewer than 10 
years of experience fell to 42%. 

 Land valuations outpace crop prices (property 
tax squeeze). Link 

Regional Transportation Plans 

 The Federal Railroad Administration’s (FRA’s) 
3 million planning initiative for passenger rail 
in the Midwest. Link 

 The Midwest Interstate Passenger Rail 
Commission (MIPRC) recently received 
preliminary notification that its November 
2014 application to the FRA for a multi-state 
planning project had been chosen as one of the 
two planning efforts, the Northeast Indiana 
Passenger Rail Association (NIPRA) and All 
Aboard Ohio advocacy groups announced in 
August. Link 

Wind Energy Development 

 Wind energy facilities are being installed at a 
rapid rate; costs are plummeting; technologies 
advancing; creating lots of jobs Link1; Link2; 
Increase in business investment in wind 
energy. Link3 

 Obama Clean Power Plan 

 Goal of 20% Wind Energy by 2030. Link 

 American Wind Energy Association Q2 2015 
Market Report. Link 

http://www.csgmidwest.org/policyresearch/0413beginningfarmers.aspx
http://www.csgmidwest.org/policyresearch/0815-agriculture-property-taxes.aspx
http://www.wcpo.com/news/state/state-ohio/feds-announce-plan-to-study-daily-passenger-rail-service-in-midwest
http://niprarail.org/2015/08/passenger-rail-in-the-midwest-gets-fra-assistance/
http://niprarail.org/2015/08/passenger-rail-in-the-midwest-gets-fra-assistance/
http://allaboardohio.org/2015/08/13/ohio-to-be-part-of-midwest-rail-plan/
http://allaboardohio.org/2015/08/13/ohio-to-be-part-of-midwest-rail-plan/
http://www.progressiverailroading.com/passenger_rail/news/FRAs-regional-plan-to-include-OhiotoChicago-passengerrail-corridor--45486
http://www.washingtonpost.com/news/energy-environment/wp/2015/08/10/the-boom-in-wind-energy-couldnt-be-coming-at-a-better-time/
http://www.aweablog.org/ten-top-trends-for-wind-power-in-2014/
http://www.awea.org/MediaCenter/pressrelease.aspx?ItemNumber=7408
http://www.nrel.gov/docs/fy08osti/41869.pdf
http://awea.files.cms-plus.com/FileDownloads/pdfs/2Q2015%20AWEA%20Market%20Report%20Public%20Version.pdf
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Table G-2. Illinois 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

 Chicago added population – suburbs still 
account for 85% of area’s population gain 

 Population increases in the Chicago area; 
businesses are leaving the suburbs for the city. 
Link 

 Cities with high rates of negative population 
growth 2000-2010: Chicago. Link 

 Cities with high rates of population growth 
2000-2010: Joliet, Aurora, Eglin. Link 

 Development shifts are responsible for a much 
higher percentage of total sprawl: 100% in the 
large metropolitan areas of Chicago 

o Socio – jobs, housing, demand for public 
services 

o Land use – development 

o Transportation – use of public 
transportation/cars 

 “ongoing weakness in farmland values” 

 State lost 2.3% of farms between 2007 and 
2012 

 High cost of farmland (despite reduced interest 
rate programs). Link 

 Sprawling development threatens farmland 
map 

 Aerospace industry 

 President Obama launches manufacturing 
innovation institute in Chicago - Chicago based 
consortium of 73 companies, nonprofits, and 
universities are partnering with the federal 
government to launch new manufacturing 
innovation hubs. Link - Chicago headquartered 
consortium of businesses and universities that 
will concentrate on digital manufacturing and 
design technologies. 

 Chicago part of Midwest tech region “Silicon 
Prairie” – over $1 billion in venture capital 
invested in Chicago in 2014 – technology 
sector is poised for more growth. Link 

 

http://www.daily-journal.com/opinion/columnists/local/wisch-list-chicago-s-suburban-poaching-a-push-at-best/article_d8921726-94ab-522f-8c5d-ae7ec1d03df2.html
http://www.csgmidwest.org/publications/may2011populationtrends.aspx
http://www.csgmidwest.org/publications/may2011populationtrends.aspx
http://www.csgmidwest.org/policyresearch/0413beginningfarmers.aspx
https://4aa2dc132bb150caf1aa-7bb737f4349b47aa42dce777a72d5264.ssl.cf5.rackcdn.com/map_illinois300.jpg
https://www.whitehouse.gov/the-press-office/2014/02/25/president-obama-announces-two-new-public-private-manufacturing-innovatio
http://smallbusiness.foxbusiness.com/technology-web/2015/04/13/chicagos-silicon-prairie-is-tech-darling-midwest/
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Table G-3. Indiana 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

 Indianapolis added population – suburbs still 
account for 85% of area’s population gain 

 Median home prices in South Bend have 
jumped 47%. Link 

 Cities with high rates of negative population 
growth 2000-2010: Gary, South Bend. Link 

 Cities with high rates of population growth 
2000-2010: Fort Wayne. Link 

 Population growth will continue to grow but at 
a lesser rate (to 2050). Link 

 10 county Indianapolis-Carmel metro area has 
been center of state’s population growth and 
accounted for 57% of state’s total 

 Central Indiana - between 2010-2030 this 
metro area growth will be responsible for 62%; 
in the next 40 years this region could be 
responsible for up to 70% of growth. Link 

 Hamilton County will be the state’s fastest 
growing county and projected to double in size 
by 2050. Link 

 Four corners of the state projected strong 
growth 

 There are equally distinct regions of 
population loss. Large swaths of mid-sized and 
rural communities in north, east, and west-
central Indiana are projected to shed residents 
over the next 40 years. Many counties in 
southwest Indiana are also likely to lose 
population. 49 of Indiana’s 92 counties are 
expected to see a population decline by 2050. 

 Central Indiana – strong agricultural producer 
but also most populous region of state and 

 “ongoing weakness in farmland values” 

 State lost 3.7% of farms between 2007 and 
2012 

 Indiana’s farms account for over 2/3 of 
Indiana’s total land cover in 2012, while forests 
cover another 20% of the state. Link 

 Shift from planting corn to soybeans (less corn 
planted more soybeans planted). Link 

 Corn, soybeans, and hog industries dominate 
state’s agricultural employment 

 Indiana farm and development map 

 Agriculture utilizes a vast amount of Indiana’s 
territory: approximately 83% of Indiana’s 
acres are devoted to either farms (14.7 million 
acres) or forests (4.7 million acres). Link 

 The state’s agriculture industries combine to 
employ more than 107,500 direct workers. 
Add in the ripple effects, and the total climbs to 
188,600 jobs in Indiana. Link Grain and oilseed 
(i.e., soybeans) farming dominate the economic 
contributions of agriculture. These two 
industries account for 40% of agriculture’s 
total employment effect and 31% of 
agricultural GDP. 

 Indiana is a top 10 agricultural producer which 
translates into big business for other industries 
in the state (processing, manufacturing). 

 Transportation equipment and the life science 
industries (pharmaceuticals and medical 
instruments) are the leading export industries 
in Indiana. Link 

http://www.chicagobusiness.com/article/20150821/NEWS12/150829969/midwest-home-prices-surge-with-silicon-prairie-job-boom
http://www.csgmidwest.org/publications/may2011populationtrends.aspx
http://www.csgmidwest.org/publications/may2011populationtrends.aspx
http://www.ibrc.indiana.edu/ibr/2012/spring/article1.html
http://www.ibrc.indiana.edu/ibr/2012/spring/article1.html
http://www.ibrc.indiana.edu/ibr/2012/spring/article1.html
http://www.ibrc.indiana.edu/studies/BeyondTheFarm.pdf
http://www.ibrc.indiana.edu/studies/BeyondTheFarm.pdf
https://4aa2dc132bb150caf1aa-7bb737f4349b47aa42dce777a72d5264.ssl.cf5.rackcdn.com/map_indiana300.jpg
http://www.ibrc.indiana.edu/studies/AgriculturesBounty.pdf
http://www.ibrc.indiana.edu/studies/BeyondTheFarm.pdf
http://www.ibrc.indiana.edu/studies/globalpositioning2014.pdf
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Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

economically diverse 

 Suburban counties of Indianapolis metro area 
net in-migration. Link 

 

http://www.ibrc.indiana.edu/studies/2014HousingReport.pdf
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Table G-4. Iowa 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

 Less sprawl around Des Moines (above 
national average) 

 Rural population decline; population growth 
occurring in urban and suburban areas 
(2000-2010) 

 Heavy reliance on agricultural is common to 
states experience greatest rural population loss 

 “ongoing weakness in farmland values” 

 State lost 4.6% of farms between 2007 and 
2012 

 Farm and development map 

 Microsoft plans to build a $1.1 billion data 
center in West Des Moines 

 ITC Holdings' Winnco-to-Hazleton 
Transmission Line in Iowa: $480 million. The 
U.S. Midwest expects to see more than $2 
billion in power transmission projects begin 
construction next year, according to Industrial 
Info's database, almost one-quarter of which 
can be attributed to ITC Holdings Corporation's 
ITC (Novi, Michigan), $480 million construction 
of a transmission line from the company's 
proposed, 345-kilovolt Winnco West 
Substation in Cedar Rapids, Iowa, to its existing 
Hazleton Substation in Buchanan County, Iowa. 
MidAmerican Energy Company (Des Moines, 
Iowa) also is involved in the development. 

 Des Moines major financial services hub with 
Principal Financial and Wells Fargo 

https://4aa2dc132bb150caf1aa-7bb737f4349b47aa42dce777a72d5264.ssl.cf5.rackcdn.com/map_iowa300.jpg
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Table G-5. Michigan 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

 Higher sprawl around Detroit – Detroit job 
sprawl worst in US. Link 

 Net outgoing-incoming population (new 
trend). Link 

 Grand Rapids added population – suburbs still 
account for 85% of area’s population gain 

 Median home prices surged 75% in metro 
Lansing. Link 

 Cities with high rates of negative population 
growth 2000-2010: Detroit, Flint Link 

 Migration Patterns 

 Since the 1950s, the area of urban land in each 
of the Lake States has increased by more than 
twofold while population has risen by over 
50%. Over the next 50 years, the Lake States 
population is projected to increase by about 
6% to 8% every decade. Urban area is 
projected to increase by only 2% to 3% in 
Michigan. Although population is projected to 
increase at a slower rate in the future, urban 
expansion is expected to increase even less 
than past trends would imply. Link 

 State grants to businesses with agricultural and 
food production. Link; Link 

 There are about 10 million acres of farmland in 
Michigan and the state is home to 52,194 
farms. The food and agriculture industry 
contributes $101.2 billion annually to the 
state’s economy. Michigan’s food and 
agriculture system is a large portion of this 
state’s workforce. Total employment resulting 
from this sector is 923,000 which accounts for 
about 22% of the state’s employment. 

 Farming on the edge map of farmland. Link 

 “ongoing weakness in farmland values” State 
lost 6.8% of farms between 2007-2012 

 Farm and development map 

 Has fastest growing economy in Midwest – 
project economy will continue to grow Link; 
Link (manufacturing strongest sector) 

 Automotive production - more suppliers are 
moving in to support the industry. 

o Impacts: socio, land use, transportation, 
air 

 Michigan legislature passed new 
transportation plan in late 2014 (provide 
additional $1.2 billion for roads and bridges). 
Link 

o Impacts: socio, land use, noise 

 DTE (largest developer of solar energy projects 
in State) implementing projects part of 
SolarCurrents – construct, operate and 
maintain solar array for 20 years – begins 
construction August 2015 in Romulus, 
Ypsilanti, and Ann Arbor – already began 
installing 10 megawatts of solar energy across 
22 sites in Southeastern Michigan. Link 1 Link2 
Link3 Link 4 

 Michigan’s largest utilities (DTE Energy and 
Consumers Energy) pledged to spend $10 
billion on in-state services and raw materials 
for their operations (minimum of $1 billion 
annually). Link 

o Impacts: energy resources, 
socioeconomics 

o DTE receives license for new nuclear unit 
Link 

 Industrial growth – attracting new 
businesses/job creation – Michigan Strategic 
Fund, community improvement projects, 

http://archive.freep.com/article/20130418/BUSINESS06/304180118/jobs-sprawl-Detroit-Brookings-Institution
http://archive.freep.com/article/20140109/BUSINESS06/301100055/michigan-migration-balanced-economy
http://www.chicagobusiness.com/article/20150821/NEWS12/150829969/midwest-home-prices-surge-with-silicon-prairie-job-boom
http://www.csgmidwest.org/publications/may2011populationtrends.aspx
http://www.michigan.gov/cgi/0,4548,7-158-54534-140915--,00.html
http://www.fs.fed.us/pnw/pubs/rp_519.pdf
http://www.michiganbusiness.org/press-releases/herbruck-poultry-farms-expanding-in-ionia-county-with-state-support/
http://www.michiganbusiness.org/press-releases/business-expansions-win-state-support-to-invest-in-michigan-add-jobs/
https://www.farmland.org/farming-on-the-edge
https://4aa2dc132bb150caf1aa-7bb737f4349b47aa42dce777a72d5264.ssl.cf5.rackcdn.com/map_michigan300.jpg
http://www.michigan.gov/som/0,4669,7-192-29943-361644--,00.html
http://michiganeconomy.chicagofedblogs.org/?p=796
http://www.csgmidwest.org/policyresearch/0115-transportation-funding.aspx
https://dteenergy.mediaroom.com/2015-08-03-DTE-Energy-begins-construction-on-solar-array-in-Romulus
https://dteenergy.mediaroom.com/2015-08-25-DTE-Energy-to-build-solar-array-in-Ypsilanti
https://dteenergy.mediaroom.com/2015-05-14-DTE-Energy-partners-with-Dominos-Farms-and-Ford-Motor-Company-as-energy-company-becomes-Michigans-largest-investor-in-solar
http://www.mlive.com/prnewswire/index.ssf?/mlive/story/?catSetID=7002&catID=290007&nrid=322800601&page=1
http://www.detroitnews.com/story/business/2015/06/18/utilities-spend-state-services-materials/28944319/
https://dteenergy.mediaroom.com/2015-04-30-DTE-Energy-to-receive-license-for-new-nuclear-unit
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Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

Chinese automobile investment in Detroit Link, 
Link; Expanded tech center Link (skilled jobs, 
automobile industry) - Nine companies to 
invest $146.3 million, create or retain 970 jobs. 
Link 

 Toyota shifts R&D base to Michigan. Link 

 YFS Automotive Systems investing $26.9 
million in new manufacturing operations in 
Detroit. Link 

 President Obama launches manufacturing 
innovation institute in Detroit - Detroit-area 
based consortium of 60 companies, nonprofits, 
and universities are partnering with the 
federal government to launch new 
manufacturing innovation hubs. Link - Detroit-
area headquartered consortium of businesses 
and universities, with a focus on lightweight 
and modern metals manufacturing. 

 One of the fastest growing states for 
technology jobs 2015. Link 

 

http://www.michiganbusiness.org/press-releases/business-expansion-community-improvement-projects-gain-state-approval/
http://www.michiganbusiness.org/press-releases/two-companies-win-state-support-to-invest-9-3-million-add-190-jobs-in-se-michigan/
http://www.michiganbusiness.org/press-releases/gov-rick-snyder-zf-north-america-expansion-in-northville-township-a-71-million-investment-creating-571-jobs/
http://www.michiganbusiness.org/press-releases/business-expansions-community-improvement-projects-mega-amendment-entrepreneurial-biotech-rfp-gain-state-approval/
http://www.autonews.com/article/20150216/OEM/302169993/toyota-shifts-r?d-base-to-michigan=
http://www.michigan.gov/som/0,4669,7-192-29943-360742--,00.html
https://www.whitehouse.gov/the-press-office/2014/02/25/president-obama-announces-two-new-public-private-manufacturing-innovatio
http://www.chicagobusiness.com/article/20150821/NEWS12/150829969/midwest-home-prices-surge-with-silicon-prairie-job-boom
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Table G-6. Minnesota 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

 Minneapolis-St. Paul added population – 
suburbs still account for 85% of area’s 
population gain 

 The Minneapolis-St. Paul metro area is home to 
62% of the state’s population. Link 

 Median home prices in the Minneapolis-St. Paul 
area have increased 42%. Link 

 Cities with high rates of population growth 
2000-2010: Rochester. Link 

 Since the 1950s, the area of urban land in each 
of the Lake States has increased by more than 
twofold while population has risen by over 
50%. Over the next 50 years, the Lake States 
population is projected to increase by about 
6% to 8% every decade. Urban area is 
projected to increase by 9% in Minnesota. 
Although population is projected to increase at 
a slower rate in the future, urban expansion is 
expected to increase even less than past trends 
would imply. Link 

 State lost 8.1% of farms between 2007 and 
2012. Link 

 Businesses tied to agriculture and energy 
continue to report pullbacks in economic 
activity, and this is spilling over into the 
broader regional economy; “Sinking 
agriculture and energy commodity prices 
pushed supply managers’ expectations of 
future economic conditions lower for the 
month.” Link 

 Farm and development map 

 Antofagasta's Hydrometallurgical Plant in Ely, 
Minnesota: $547 million Antofagasta's 
construction of a hydrometallurgical plant, to 
be built on the site of a proposed copper and 
nickel mine. 

o Air Quality – construction and operation; 
Socio – jobs, housing; 
Noise – construction noise 

 One of the fastest growing states for 
technology jobs 2015. Link 

 Healthcare industry 

 Minneapolis-St. Paul area serves as state’s 
economic hub, with companies such as Target, 
U.S. Bancorp, General Mills, 3M, and Medtronic 
headquartered there. Link 

 Central Minnesota is generating new jobs at a 
faster pace than anywhere in the state. 
Northeast and Southwest have had slowest job 
growth and rebound from recession. Link 

 Twin Cities Metro (largest economy) high 
concentration of jobs in company management, 
real estate, professional, scientific and 
technical services, finance and insurance. Link 

 

http://blogs.mprnews.org/newscut/2015/01/minnesota-economy-beats-wisconsin-7-charts-1-table/
http://www.chicagobusiness.com/article/20150821/NEWS12/150829969/midwest-home-prices-surge-with-silicon-prairie-job-boom
http://www.csgmidwest.org/publications/may2011populationtrends.aspx
http://www.fs.fed.us/pnw/pubs/rp_519.pdf
http://www.csgmidwest.org/policyresearch/0514-ag-census.aspx
http://www.newstribune.com/news/2015/aug/03/july-survey-suggests-economic-slowdown-ahead-midwe/
https://4aa2dc132bb150caf1aa-7bb737f4349b47aa42dce777a72d5264.ssl.cf5.rackcdn.com/map_minnesota300.jpg
http://www.chicagobusiness.com/article/20150821/NEWS12/150829969/midwest-home-prices-surge-with-silicon-prairie-job-boom
http://blogs.mprnews.org/newscut/2015/01/minnesota-economy-beats-wisconsin-7-charts-1-table/
http://mn.gov/deed/images/June%202015%20TRENDS.pdf
http://mn.gov/deed/images/June%202015%20TRENDS.pdf
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Table G-7. Missouri 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

 Less sprawl around Kansas City (above 
national average) 

 Kansas City added population – suburbs still 
account for 85% of area’s population gain 

 Metropolitan areas make up the largest 
portions of the state’s economy – St. Louis 
County and Jackson County make up 1/3 of the 
state’s economy in terms of employment, 
personal income, and population Link; rural 
areas important for tourism and agriculture 

 Map of population growth by county 

 Industry share of Missouri’s economy 2012 – 
natural resources (including agriculture and 
mining) make up 1.4% link and in 2013 it 
makes up 2.3%. Link 

 Businesses tied to agriculture and energy 
continue to report pullbacks in economic 
activity, and this is spilling over into the 
broader regional economy; “Sinking 
agriculture and energy commodity prices 
pushed supply managers’ expectations of 
future economic conditions lower for the 
month.” Link 

 Farm and development map 

 Boeing expanding St. Louis campus (hiring 700 
workers) 

o Socio: jobs, housing, public services 

 As of 2012, only two auto assembly plants in 
Missouri (St. Louis and Kansas City area). Link 

 Growth of professional, scientific, and technical 
services industries in St. Louis/Kansas City 
followed by administrative and support 
services and construction related activities – 
new business formations higher in urban areas. 
Link 

 Major industries: aerospace, food processing, 
chemicals, printing/publishing, electrical 
equipment, and beer 

 Monsanto based in St. Louis – state has 
growing science and biotechnology field 

 

https://www.missourieconomy.org/pdfs/2013_mo_economic_report.pdf
https://missouri.reaproject.org/analysis/comparative-trends-analysis/population/
https://www.missourieconomy.org/pdfs/2013_mo_economic_report.pdf
https://www.missourieconomy.org/pdfs/2013_mo_economic_report.pdf
http://www.newstribune.com/news/2015/aug/03/july-survey-suggests-economic-slowdown-ahead-midwe/
https://4aa2dc132bb150caf1aa-7bb737f4349b47aa42dce777a72d5264.ssl.cf5.rackcdn.com/map_missouri300.jpg
https://www.missourieconomy.org/pdfs/2013_mo_economic_report.pdf
https://www.missourieconomy.org/pdfs/2013_mo_economic_report.pdf
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Table G-8. Ohio 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

 Less sprawl in Cincinnati (above national 
average 

 More sprawl in Cleveland area 

 Columbus added population – suburbs still 
account for 85% of area’s population gain 

 Cleveland median home price climbed 25% in 
three years; Columbus climbed 28% 

 Increasingly urban electorate 

 Cities with high rates of negative population 
growth 2000-2010: Dayton, Cincinnati, Akron, 
Toledo Cleveland. Link 

 Nearly 80% of Ohioans live in metropolitan 
areas (31% live in four northeast metropolitan 
areas; 22% live in three southwest 
metropolitan areas; central Ohio which 
consists of the Columbus metropolitan area has 
17% of the population). Link 

 Appalachian hills of southeastern Ohio is least 
densely populated area. 

 State lost 0.5% of farms between 2007 and 
2012 

 In Ohio, and most other Midwestern states, 
farmland is appraised using a formula based on 
“current agricultural use value.” Based on 
factors such as commodity prices, soil 
productivity, rental rates, production expenses 
and interest rates, the state determines the 
income that a farmer can be expected to earn 
on his or her land. In 2015, crop prices (and 
thus farm incomes) have fallen, but property 
taxes are still being based on the record-high 
crop prices of a few years ago. The result is a 
real squeeze on rural landowners. 

 Sprawling development threatens farmland 
map 

 Aerospace industry, oil-shale production 

 Since Feb 2010 Ohio alone has added nearly 
70,000 manufacturing jobs over that period. 
Link 

 America Makes in Youngstown, OH – tech 
initiative – Established in 2012 and based in 
Youngstown, Ohio, America Makes is the 
flagship Institute for the National Network for 
Manufacturing Innovation (NNMI) 
infrastructure of up to 45 Institutes to follow 
and is driven by the National Center for 
Defense Manufacturing and Machining 
(NCDMM) (part of President’s $500 million 
investment in manufacturing). Link 

 Manufacturing and financial services are 
largest sectors of Ohio’s economy 

 The resurgence of steel production in Ohio is 
due to rising demand for motor vehicles and 
the drilling boom in oil and gas industry. 
Companies in Ohio are shipping pipes and 
tubes to drilling operations here and in other 
states and countries. The effects have been 
particularly notable in northeastern Ohio. Link 

 Boom in shale development impacts Ohio’s 
steel industry by increased demand for pipes 
and tubes for extraction. Link 

 

http://www.csgmidwest.org/publications/may2011populationtrends.aspx
http://development.ohio.gov/files/research/P7001.pdf
https://4aa2dc132bb150caf1aa-7bb737f4349b47aa42dce777a72d5264.ssl.cf5.rackcdn.com/map_ohio300.jpg
https://www.whitehouse.gov/the-press-office/2015/03/18/fact-sheet-president-obama-launches-competition-new-textiles-focused-man
http://www.wkyc.com/story/news/local/northeast-ohio/2015/03/18/president-obama-america-makes-youngstown-high-tech-initiative/24993709/
http://development.ohio.gov/files/research/B1001.pdf
http://development.ohio.gov/files/research/B1001.pdf
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Table G-9. Wisconsin 

Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

 Sprawl around Milwaukee 

o Land use (fragmentation and sprawl), 
socio (taxes, services, housing prices), 
transportation 

 More urbanized areas of the state are projected 
to see additional households, while remote 
rural areas and older industrial communities 
are projected to lose households. Link 

 Impact of 2006 foreclosure crisis is “zombie 
houses” (abandoned homes and subdivisions). 
Wisconsin has its own version of zombie 
subdivisions called “ghost parcels.” Ghost 
parcels are located in almost all counties of 
Wisconsin – these parcels are theoretically 
available for development. Link 

 Since the 1950s, the area of urban land in each 
of the Lake States has increased by more than 
twofold while population has risen by over 
50%. Over the next 50 years, the Lake States 
population is projected to increase by about 
6% to 8% every decade. Urban area is 
projected to increase by only 2% to 3% in 
Wisconsin. Although population is projected to 
increase at a slower rate in the future, urban 
expansion is expected to increase even less 
than past trends would imply. Link 

 Aging rural population. Link 

 “ongoing weakness in farmland values” 

 State lost 11% of farms between 2007 and 
2012 

 Agricultural experts are predicting decline in 
net farm income due to dairy prices which are 
expected to drop by at least $7 per 
hundredweight. Link 

 Rent paid for cropland is likely to experience 
some downward pressure as crop prices have 
declined. Seed costs are expected to continue 
to grow in 2015, but at a tempered rate. 
Reduced planting and lower commodity prices 
are expected, so seed supplies should be 
adequate for the demand. Link 

 Price of farm land 2015: as you go from the 
east, southeastern corner of the state to the 
farther west parts of the state, the prices of 
agricultural land go down. Likewise, as you go 
farther north the quality of the agricultural 
land gets a little bit poorer, you’ll see some 
lower prices as well. The most valuable land in 
the state is probably in the northeast corridor 
near Green Bay and Oshkosh, as well as down 
in the southeast as you would expect with the 
large population demands for land in that area 
as well. Link 

 Top five agricultural products: dairy products, 
beef cattle and calves, corn for grain, 
greenhouse and nursery products and 
soybeans. Dairy farming is leading agricultural 
activity. Link 

 Farm and development map 

 Mid-sized farms present the single largest 

 Biomed clusters (Madison) 

 The U.S. Army has awarded Oshkosh Corp. a 
contract that could be worth up to $30 billion 
and provide years of work to thousands of 
Wisconsin employees building a new type of 
armored truck in Oshkosh. Link 

 State giving millions to broadband providers to 
expand in rural areas. Link 

 Machinery and transportation equipment 
leading manufacturing products. Most 
important mined products are sand, gravel, 
and crushed stone. Link 

 Emerging bioenergy sector provides promise 
and a challenge for the future of rural 
Wisconsin. Link 

https://www.uwsp.edu/cnr-ap/clue/Documents/megatrends/HousingMegatrends2015.pdf
https://www.uwsp.edu/cnr-ap/clue/Documents/megatrends/HousingMegatrends2015.pdf
http://www.fs.fed.us/pnw/pubs/rp_519.pdf
https://www.wisconsinacademy.org/sites/default/files/FOFbook_web.pdf
http://news.wisc.edu/23418
http://news.wisc.edu/23418
http://fyi.uwex.edu/news/2015/04/10/trends-in-wisconsin-farmland-prices/
http://www.netstate.com/economy/wi_economy.htm
https://4aa2dc132bb150caf1aa-7bb737f4349b47aa42dce777a72d5264.ssl.cf5.rackcdn.com/map_wisconsin300.jpg
http://www.jsonline.com/business/report-oshkosh-wins-30-billion-contract-to-produce-new-armored-truck-b99564023z1-322870241.html
http://www.jsonline.com/business/state-giving-millions-to-broadband-providers-to-expand-in-rural-areas-b99561426z1-322623981.html
http://www.netstate.com/economy/wi_economy.htm
https://www.wisconsinacademy.org/sites/default/files/FOFbook_web.pdf
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Trend A – Population Shifts 
(urbanization/suburbanization) 

Trend B – Agricultural Trends 
(productivity/value) 

Trend C – Economic Growth 
(industry fueling growth) 

challenge for production agriculture and show 
the largest statistical decline. Link 

 Number of small and large farms are increasing 
while midsized farms are declining. Link 

 

https://www.wisconsinacademy.org/sites/default/files/FOFbook_web.pdf
https://www.wisconsinacademy.org/sites/default/files/FOFbook_web.pdf
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Midwest Wind Energy Multi-Species Habitat Conservation Plan 

Environmental Impact Statement (EIS)  

NEPA Consistency Evaluation 

 

DRAFT Framework & Outline 

 
Date:  Click here to enter a date. 

Incidental Take Permit (ITP) or Certificate of Inclusion (COI) Requester Name: Click here to enter 

text. 

 

Part I 

 

Is the ITP or COI covering: 

☐an Existing Facility (opting in)3  

 

☐a Newly Proposed facility (new construction) 

 

Part II 

 

1. Is the proposed action located within Covered Lands? 

☐Yes 

☐No 

 If yes, please describe the location of the proposed action, including State, County, 

Section/Township/Range: Click here to enter text. 

 

2. Which of the eight covered species analyzed in the EIS is the ITP or COI covering? 

☐ Kirkland’s warbler 

☐ Least tern-Interior population 

☐ Piping plover-Great Lakes population 

☐ Piping plover-Northern Great Plains population 

☐ Bald eagle 

☐ Indiana bat 

☐ Northern long-eared bat 

☐ Little brown bat 

 

                                                             
3 Construction related impacts, including siting, cultural and historic properties have already occurred and are 
outside of the programmatic NEPA Analysis. 
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3. Are other federally listed species found within the footprint of the proposed action4?  

☐ Yes 

☐ No 

If yes, describe how has risk of take of other listed species been avoided, or will a separate ITP 

for these species required? Click here to enter text. 

 

4. How many megawatts (MW) are included as part of this ITP or COI? Click here to enter 

text. 

5. What is the requested start date of the ITP or COI? Click here to enter text. 

 

6. What is the duration of the ITP or COI requested? Click here to enter text. 

 

7. Describe the actions taken to ensure the ITP or COI complies with Section 106 of the 

National Historic Preservation Act (NHPA). Please include as an attachment copies of 

your correspondence with the State, Regional Historic Preservation Officer, and/or 

Tribal Historic Preservation Officer (SHPO/RHPO/THPO). Click here to enter text. 

a. Has a Programmatic Agreement with the SHPO, USFWS and the ITP or COI 

requester been completed (new facilities only)? 

☐ Yes 

☐ No 

If yes, please include as an attachment a copy of the Programmatic Agreement 

8. Describe the proposed actions and how they are commensurate with the covered 
activities described in Section 2.1.3. 

 
a. Construction: Click here to enter text. 

b. Operation: Click here to enter text. 

c. Maintenance: Click here to enter text. 

d. Decommissioning and Reclamation: Click here to enter text. 

e. Repowering: Click here to enter text. 

  

                                                             
4 Suggest using Information Planning and Conservation System (IPAC) and provide results of the IPAC findings 
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Part III-Impact Analysis Questions 

 

Describe the project’s impacts on the following resource areas: 

Resource Area Project Impacts 

Vegetation 
Community 

Click here to enter text. 

Special status 
species 

Click here to enter text. 

Other wildlife 
species 

Click here to enter text. 

Other fish & aquatic 
resources 

Click here to enter text. 

Surface water Click here to enter text. 

Floodplains Click here to enter text. 

Wetlands Click here to enter text. 

Geology & soils Click here to enter text. 

Climate change Click here to enter text. 

Air quality Click here to enter text. 

Noise Click here to enter text. 

Visual Resources Click here to enter text. 

Transportation Click here to enter text. 

Land resources Click here to enter text. 

Public services & 
utilities 

Click here to enter text. 

Public health & 
safety 

Click here to enter text. 

Socioeconomics & 
Environmental 

Justice 

Click here to enter text. 

Cultural Resources 
& Historic 
Properties 

Click here to enter text. 

  



U.S. Fish and Wildlife Service  

 Appendix H 
NEPA Consistency Evaluation 

 

Midwest Wind Energy Multi-Species HCP EIS Draft EIS 
H-4 

April 2016 
 

 

Part IV-Decision 

 

[Instructions: the FWS official shall select one of the following three items] 

 

The FWS has completed their consistency review and have made the following determination 

based on the review of the COI or ITP request:  

 

☐ Because Part II above indicates that one of more of the project’s proposed comments is 

outside of the scope of the programmatic EIS, the proposal is not covered by the 

programmatic EIS and requires an independent NEPA review.  

☐ Because Part III above identifies those affected resource areas that were either 

a. Not fully analyzed in the programmatic EIS for this proposed action, given the 

latter’s likely impacts, or 

b. Were specifically deferred for subsequent analysis, 

a tiered NEPA document should be completed at a minimum 

☐ Because the project is consistent with the programmatic EIS, no further NEPA analysis is 

needed.  

 

Name of FWS Official: Click here to enter text. 

Title: Click here to enter text. 

Date: Click here to enter a date. 

 

Signature of FWS official: _______________________________________ 
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CHAPTER 1. INTRODUCTION 

1.1 OVERVIEW AND BACKGROUND 

The American Midwest is experiencing rapid growth in the development of wind energy for 
electric power generation due to its abundant wind resources, increased public desire for 
renewable energy resources, and attractive market conditions. National policy set by the 
president in 2011 (The White House 2011) and Renewable Portfolio Standards (RPS) set by 
seven of the eight Midwestern states covered by the Midwest Wind Energy Multi-Species 
Habitat Conservation Plan (MWE) call for growth in renewable sources of energy including 
wind power over the next few decades. A majority of state and local governments 
correspondingly offer various incentives to renewable energy projects, generally in the form of 
tax incentives, to encourage the development of the required level of renewable energy 
production and to create favorable business environments that will encourage developers to 
locate energy facilities in their jurisdictions, bringing the associated capital investments, jobs and 
economic benefits. The eight Midwestern states included in the MWE are Illinois, Indiana, Iowa, 
Michigan, Minnesota, Missouri, Ohio, and Wisconsin (States). Four of the States are among the 
top 15 states for wind power generation in the United States.  

While wind-generated power is a clean and renewable source of energy, wind turbines are 
known to cause mortality of bats and birds that are struck by or pass near the turning blades. 
Wildlife mortality may also result from other wind energy facility-related activities (e.g., 
construction-related activities). A growing number of proposed wind energy facilities in the 
Midwest are having to address the potential risks posed to species listed as endangered and 
threatened species under the Endangered Species Act (ESA; hereafter referred to as “federally 
listed”), particularly the Indiana bat (Myotis sodalis) and northern long-eared bat (Myotis 
septentrionalis). While individual wind energy development projects have been addressing 
endangered species issues by seeking their own facility incidental take1 permits (ITPs) under 
ESA, a regional solution is desirable to allow for a coordinated conservation effort across large 
portions of species ranges. To provide a regional solution for ESA compliance, the MWE was 
developed as a collaborative effort among the U.S. Fish and Wildlife Service (USFWS) Midwest 
Region (Region 3); natural resources and conservation agencies of seven of the States; the 
American Wind Energy Association (AWEA), a national trade organization representing the 
wind industry; a group of wind energy companies (“Companies”); The Conservation Fund 
(TCF), a nonprofit conservation organization; and Leidos2, the consultant charged with preparing 

                                                 
1 Take is defined as “… to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any 
such conduct.” (ESA §3[19]) Incidental take is defined as the take of a federally listed species “…that result from, but are not the 
purpose of, carrying out an otherwise lawful activity conducted by the Federal agency or applicant.” (50 Code of Federal 
Regulations [CFR] §402.02) Harm is further defined by USFWS to include “…an act which actually kills or injures wildlife. 
Such act may include significant habitat modification or degradation where it actually kills or injures wildlife by significantly 
impairing essential behavioral patterns, including breeding, feeding or sheltering.” (50 CFR §17.3) is further defined by USFWS 
to include “…actions that create the likelihood of injury to listed species to such an extent as to significantly disrupt normal 
behavior patterns which include, but are not limited to, breeding, feeding or sheltering.” (50 CFR §17.3) 
2 Formerly Science Applications International Corporation (SAIC) until 2013. 
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the MWE document. Seven of the eight States served as participants in the development of the 
MWE and were represented by the USFWS in MWE decision making processes. TCF served as 
a participant and managed Leidos’ preparation of the MWE. These public and private entities 
formed a Steering Committee to guide the development of the MWE (see Table 1-1).  

Table 1-1. MWE Steering Committee Members 
Federal U.S. Fish and Wildlife Service, Midwest Region (Region 3) 

State 

Illinois Department of Natural Resources  
Indiana Division of Fish and Wildlife 
Iowa Department of Natural Resources 
Michigan Department of Natural Resources 
Minnesota Department of Natural Resources 
Missouri Department of Conservation  
Wisconsin Department of Natural Resources 

Private Wind Energy Companies and 
Trade Organizations 

American Wind Energy Association (AWEA) 
Algonquin Power 
EDP Renewables 
EDF Renewable Energy 
E.ON Climate & Renewables 
EverPower Wind Holdings, Inc. 
Exelon 
Iberdrola Renewables, LLC 
Invenergy LLC 
NextEra Energy Resources 
TradeWind Energy LLC 
WindLab 
 

Nonprofit Organizations The Conservation Fund 

Consulting Firms Leidos, Inc. 
WEST, Inc. 

 
Where wind energy development in the Midwest is likely to take a species listed as threatened or 
endangered under the federal ESA, an ITP under section 10 of the ESA may be issued by 
USFWS. To obtain an ITP, a habitat conservation plan (HCP) under the ESA and an analysis of 
the impacts under the National Environmental Policy Act (NEPA) must be prepared. The 
USFWS has determined that an environmental impact statement (EIS) is the appropriate 
document for NEPA compliance. The MWE serves as the required HCP for the “Covered 
Species” and will be accompanied by the MWE EIS that evaluates the effects on the human 
environment of implementing the provisions of the MWE. The MWE “Plan Area” encompasses 
the States (see Figure 1-1) with specific “Covered Lands” identified in the Plan Area within 
which take authorizations may be obtained through the process provided for under the MWE (see 
Section 1.6 for a description of Covered Lands). 

The purpose of the MWE is to authorize incidental take of the Covered Species (see Section 1.7) 
that may occur in connection with the development and operation of wind energy facilities and to 
provide conservation benefits for the Covered Species. It offers an innovative approach to both 
enhanced conservation of species and streamlined regulatory compliance with the ESA for   
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Figure 1-1. MWE Plan Area  
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proposed and existing wind energy facilities. The MWE will provide a clearly defined and 
predictable permitting process for wind energy facility operators to take actions that avoid, 
minimize, monitor, and mitigate take of Covered Species, thus satisfying applicable provisions 
of the ESA. Doing so will contribute to the conservation of the Covered Species and improve 
permitting efficiency for wind energy development projects. 

The MWE addresses the following Covered Species that may be subject to injury or mortality at 
wind energy facilities: Indiana bat, northern long-eared bat, little brown bat (Myotis lucifugus), 
Kirtland’s warbler (Setophaga [formerly Dendroica] kirtlandii), piping plover (Charadrius 
melodus), interior least tern (Sterna antillarum athalassos), and bald eagle (Haliaeetus 
leucocephalus). The ESA requires that the unlisted Covered Species (i.e., little brown bat and 
bald eagle) be treated in formulation and implementation of the MWE as if they are listed. 

The activities covered (“Covered Activities”) under the MWE include the construction; 
operations, maintenance, and repair; and decommissioning and reclamation and repowering of 
new and existing multi-turbine utility-scale commercial wind energy facilities (hereafter referred 
to as “wind energy facilities”) within the Covered Lands. Activities associated with the 
management of mitigation land will also be covered on all lands within the Plan Area.  

Chapter 1 provides an overview and background of the MWE development process, a brief 
summary of wind energy development history in the Midwest (Section 1.2), a statement of the 
purpose and need for the MWE (Section 1.3), a description of the duration of the MWE permit 
program (Section 1.5), a description of the lands covered by the MWE (Section 1.6), the 
rationale for selection of the Covered Species (Section 1.7), and a description of the regulatory 
framework within which the MWE was prepared (Section 1.8).  

The remainder of this section provides background information on the funding of the 
preparation of the MWE (Section 1.1.1), the public outreach process during plan development 
(Section 1.1.2), and the history of MWE development (Section 1.1.3). 

1.1.1 Planning Grant Application and Award to the States 

In 2009, the states of Indiana, Ohio, Michigan, Missouri, and Iowa submitted a grant application 
for habitat conservation planning assistance funds under section 6 of the ESA (16 United States 
Code [U.S.C.] §§ 1531–1599, 1535) to develop the MWE, NEPA document, and associated 
incidental take permitting program for federally listed species and several non-listed species 
whose ranges are within the States and that may be impacted by wind energy development. On 
April 1, 2010, USFWS awarded an ESA section 6 Grant of $3,362,364 to these five States for 
preparation of the MWE and EIS. The ESA section 6 Grant required a nonfederal match in the 
amount equal to 10 percent of the grant, which the Companies provided in April 2011. On 
August 9, 2011, USFWS transmitted the section 6 Grant funds to the State of Indiana via 
USFWS Region 3 Federal Aid Application and Transmittal, as Indiana agreed to serve as the 
contract lead for the grant states. In March 2015 an additional section 6 Grant of $962,455 was 
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awarded to in support of including coverage of the bald eagle under the MWE and to complete 
other elements of the MWE mitigation program and the NEPA document. 

1.1.2 Public Outreach 

Under the “Five-Point Policy” the USFWS has sought to increase public participation in HCP 
processes.3  USFWS encourages public participation during the development of large, regional 
HCPs, and typically provides a longer review period for the public draft of large, regional HCPs 
and associated NEPA documentation. The development of the MWE included a public outreach 
and involvement program. In the fall of 2012, a Working Outreach Plan (SAIC 2012) was 
developed and reviewed by the MWE Steering Committee. The Working Outreach Plan lays out 
the process, schedule, and communication protocols for making the MWE and the MWE NEPA 
compliance materials available to federal, state, tribal, and local agencies and the public. USFWS 
is the lead in implementing the outreach process identified in the Working Outreach Plan. 

The MWE outreach program facilitates the integration of NEPA outreach requirements with 
other planning and environmental review procedures and builds upon the efforts to involve other 
agencies, citizens, and work groups early in the environmental review process to promote 
meaningful dialogue about environmental matters. A Notice of Intent was published4 notifying 
the public of the intent to develop the MWE and requesting comments regarding its 
development. Under the Working Outreach Plan, USFWS established and maintained a mailing 
list of interested parties who were notified at important steps in the MWE process. The mailing 
list was used to distribute any broad-ranging announcements, such as an extension to a comment 
period, to all parties interested and involved in the MWE. 

In July 2015 eight public scoping meetings were held by the USFWS throughout the Plan Area.5  
Each scoping meeting provided information to the public regarding MWE development and 
provided a forum for soliciting comments regarding the scope of issues and alternatives for the 
USFWS to consider in its development of the NEPA document and the MWE. In addition to the 
in-person scoping meetings, an online webinar was held that included a visual and verbal 
presentation of the scoping information as well as a forum to provide comments regarding 
development of the NEPA document and the MWE.  

1.1.3 History of the Collaborative Planning Process 

On April 5, 2011, USFWS entered into a memorandum of understanding (MOU) with AWEA 
and a number of wind energy companies to develop the MWE. The MOU outlined the roles and 
responsibilities of the USFWS and the wind energy companies and provided a framework for the 
development of the MWE. The States were not formal participants in the development of the 
                                                 
3 Final Addendum to the Handbook for Habitat Conservation Planning, 65 Federal Register (FR) 106, June 1, 2000. 
4 77 FR 52754-52755, August 30, 2012 
5 A public scoping meeting was held in each of the eight States comprising the MWE Plan Area. Meeting locations included 
Minneapolis, MN; Madison, WI; Ames, IA; Columbia, MO; Lansing, MI; Columbus, OH; Indianapolis, IN; and 
Bloomington, IL. 
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MWE, however, the USFWS consulted with the States during the MWE development process. 
Following an open solicitation process (request for proposals released on June 30, 2011) from 
June to October 2011, USFWS, AWEA, and TCF selected Science Applications International 
Corporation (SAIC), now Leidos, as the lead contractor to prepare the MWE document. In 
July 2012, the State of Indiana entered into an agreement with TCF to manage the development 
of and provide technical support to the MWE; and in August 2012, TCF entered into a contract 
with SAIC that included the scope of work, schedule, and budget for SAIC to complete 
preparation of the MWE. 

In November 2011, the USFWS, AWEA, and TCF executed a Communication Protocol that 
describes procedures for the exchange of information among these parties and timeframes for 
review and revision of draft materials. The Communication Protocol was included in the SAIC 
contract agreement. 

The development of the MWE was managed by the Steering Committee (see Table 1-1). The 
Steering Committee met at key points during the development of document chapters and full 
document drafts to discuss approaches, review materials, provide comments, and make decisions 
on the content of the MWE. Subgroups of the Steering Committee were appointed and met as 
necessary to address development of specified elements of the MWE. A Management Team 
comprised of points of contact for USFWS, AWEA, and TCF provided direction to the SAIC 
program manager in its development of the MWE document.  

The first Steering Committee meeting was held on October 18, 2012, at which the Steering 
Committee began the process of framing the contents of the MWE and providing information 
and guidance to SAIC for development of the document. The Steering Committee met five more 
times between December 2012 and February 2016. At its August 2013 meeting, the Steering 
Committee appointed a technical committee of Steering Committee representatives to further 
develop the MWE. The technical committee met on nine occasions between September 2013 and 
February 2016, at which time the Public Review Draft of the MWE was approved for release. 
Following release of the Public Review Draft MWE and the Draft EIS, the Steering Committee 
will collaborate on providing responses to public comments. Based on public input, the Public 
Review Draft MWE will be revised and the Final MWE prepared with the Final EIS. The Final 
MWE is expected to be completed by September 2016. 

1.2 WIND ENERGY INDUSTRY HISTORY AND INFORMATION 

Outside of the Great Plains region, the Midwest has the most reliable land-based wind resource 
areas in the contiguous United States (see Figure 1-2). As of March 2015, the Plan Area had 
approximately 17,129 megawatts (MW) of installed wind energy (Anderson pers. comm.). The 
installed wind capacity of the States amounts to about 26 percent of installed wind capacity 
nationwide. Four of the States are within the top 15 states for installed capacity in the United 
States (Iowa, Illinois, Indiana, and Minnesota), and in recent years Wisconsin, Missouri and 
Ohio have shown rapid growth in installed capacity (see Figure 1-3).  
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Figure 1-2. United States Annual Average Wind Speed at 80 Meters Elevation 

Numerous individual project-level wind energy HCPs are currently being developed or are in the 
initial stages of development within USFWS Region 3. Given the expected growth of wind 
energy development throughout Region 3, the USFWS and the wind energy industry anticipate 
that many proposed wind energy facilities will initiate HCPs and seek incidental take permits in 
the coming years. The MWE is intended to provide a clear path to support a more efficient 
incidental take authorization process in conjunction with species conservation in compliance 
with the ESA. 

The MWE represents an approach to provide for both conservation of the Covered Species as 
well as a more certain regulatory compliance process for proposed and existing wind energy 
facilities within the Plan Area. It provides a means for wind energy developers and operators to 
minimize and mitigate adverse effects on Covered Species to satisfy the applicable provisions of 
the ESA pertaining to federally listed species and improve permitting efficiency for existing and 
future wind energy facilities. It provides a predictable permitting process under which proposed 
and existing wind energy facilities can be developed and operated in compliance with the ESA.  
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Figure 1-3. United States Installed Wind Energy Capacity (MW), 2015 

The USFWS, AWEA, the Companies, and TCF, through consultation with the States and 
development of the MWE, have demonstrated a commitment to meet the conservation needs of 
the Covered Species, the ESA compliance obligations of wind energy developers, and the legal 
responsibilities of the USFWS under the ESA and other applicable laws.  

The continued support of wind energy development is critical for the advancement of the 
nation’s ambitious energy goal of 20 percent of America’s electricity coming from clean energy 
sources by 2035 (The White House 2011). A major component of that blueprint is the 
establishment of widespread renewable energy generation. The U.S. Department of Energy 
(DOE) seeks to promote energy independence, environmental stewardship, and economic 
development. Among the available energy sources, wind energy stands out as a source that has 
no greenhouse gas emissions during operation, requires minimal land use conversion, requires 
little to no water consumption, can be developed at levels that will provide an important portion 
of the nation’s energy mix, can be produced at prices that are competitive with conventional 
energy sources, and reduces the need for other nonrenewable energy sources.  
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1.3 PURPOSE AND NEED 

The need for the MWE is to streamline the ESA compliance process in response to the ongoing 
growth of utility-scale commercial wind energy development in the Midwest and the 
conservation and economic limitations of planning mitigation and monitoring of federally listed 
bat and bird species at the individual wind energy facility scale.  

The primary purposes for the MWE are to:  

• Provide for a more comprehensive and coordinated process and program for the 
avoidance, minimization and mitigation of impacts of wind energy development on the 
Covered Species in the Plan Area. 

• Provide for a region-wide coordinated monitoring and adaptive management program 
that allows for greater understanding of threats to species and more rapid development of 
improved methods for avoidance, minimization, and mitigation of impacts on the 
Covered Species in the Plan Area. 

• More efficiently accomplish the wind energy development projected to occur in the Plan 
Area by establishment of a regional approach for providing incidental take coverage 
which includes greater predictability for developers and operators of wind energy 
facilities in complying with the ESA. 

• Increase ESA permitting efficiency for the USFWS through reduced staff time, lower 
costs, and reduced paperwork coupled with an increased level of protection and 
conservation for Covered Species (see Section 1.8). 

The MWE has been developed with the intent of meeting the permitting requirements of the 
ESA. The Covered Activities have the potential to result in incidental take of threatened and 
endangered species. The MWE includes measures to support incidental take authorization in 
accordance with section 10(a)(1)(B) of the ESA for project proponents that follow its provisions 
and process for their individual wind energy facilities. The States may adopt or incorporate this 
MWE or portions thereof, based on their own regulatory and policy requirements, to conserve 
species protected under their applicable endangered species regulations. 

The MWE identifies the potential impacts that the potential taking may have on the Covered 
Species and establishes specific measures to minimize and mitigate the impacts of take to the 
maximum extent practicable to ensure that the effects on Covered Species resulting from the take 
will not appreciably reduce the likelihood of survival and recovery of the species in the wild. The 
MWE includes funding mechanisms to ensure that an adequate level of funding will be available 
to carry out the avoidance, minimization, mitigation, monitoring, and adaptive management 
measures contained in the MWE. 

The MWE will allow for the coordination of numerous monitoring and mitigation efforts across 
the States, resulting in a more organized and effective conservation program to the benefit of the 
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Covered Species relative to the existing project-by-project planning process. While project-by-
project monitoring and mitigation across the Plan Area provides benefits to Covered Species, it 
is not optimal for conservation because of the restricted scope and limited time, financial, and 
expert resources of individual developers. Large-scale, region-wide mitigation planning and 
implementation opens the opportunity to protect the most vulnerable and valuable habitat areas 
in a more ecologically beneficial configuration than is likely to result under the current project-
by-project mitigation planning process. The coordinated approach of the MWE will result in the 
coordination of institutional and scientific resources at many levels that can be focused to 
achieve greater benefits for the conservation of the Covered Species. 

The MWE provides a process that will allow participating wind energy developers to manage 
their operational risk through a predictable operating and ESA-permitting environment. The 
protocols contained herein will provide wind developers the higher certainty required to 
successfully finance wind energy facilities and anticipate future project costs.  

1.3.1 Advancement of State and Federal Policies 

In addition to the national policies regarding renewable energy advancement, individual states 
have also begun to establish state goals for renewable energy production, both in the form of 
RPS and tax incentives. These independent renewable energy programs are predominantly sets 
of energy generation mandates placed upon utilities that must be achieved by a certain deadline. 
Each of the States have some version of an RPS program, as well as renewable energy 
development incentives (Table 1–2).6 

In addition to state RPS programs, each state maintains its own list of protected species and 
manages protection of these species within their boundaries (see Section 1.8.7). Some states, 
such as Illinois and Wisconsin, have endangered species acts requiring a conservation plan and 
incidental take authorization processes to address impacts on state-listed species, while other 
states have no permit process or less well-defined permitting processes. 

Even though formal consultation and permitting may not be required by all the States, each 
State’s wildlife agency or natural resources department has the same overall mission to identify, 
manage, and protect its respective state wildlife resources. The establishment of the MWE will 
serve as a valuable tool to support the state efforts to conserve the Covered Species and their 
habitats, as well as other species of concern within each of the State. 

  

                                                 
6 In 2014, the State of Ohio suspended enactment of its RPS under Senate Bill 310 for a period of two years.  



Introduction Chapter 1 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 1-11 

Table 1-2. Summary of State Renewable Portfolio Standards (RPS) 

State Renewable 
Energy Goal1 Deadline Mandatory or 

Voluntary Incentives Implementing 
Authority 

Illinois 25% (at least 75% 
from wind) 2025 Mandatory Commercial Wind 

Property Tax Incentive 

Illinois 
Department of 
Commerce 

Indiana 10% 2025 Voluntary Renewable Energy 
Property Tax Exemption 

Indiana Utility 
Regulatory 
Commission 

Iowa 105 MW Achieved Both State production tax 
credits 

Iowa Utilities 
Board 

Michigan 10% 2015 Mandatory Alternative Energy 
Personal Property Tax 
Incentive; bonus 
incentive renewable 
energy credits 

Michigan Public 
Service 
Commission 

Minnesota 25% (Xcel Energy 
30%; at least 24% 
wind) 

2025  
(Xcel 
2020) 

Both Wind and Photovoltaic 
Solar-Electric Systems 
Property Tax Exemption 

Minnesota 
Department of 
Commerce 

Missouri 15% 2021 Mandatory Renewable Energy 
Generation Zone 
Property Tax Abatement 

Missouri Public 
Service 
Commission 

Ohio2 25% 2025 Mandatory Qualified Energy Property 
Tax Exemption for 
Projects 250 kW or Less; 
Qualified Energy Property 
Tax Exemption for 
Projects over 250 kW 
(Payment in Lieu) 

Public Utilities 
Commission of 
Ohio 

Wisconsin 10% 2015 Mandatory Solar and Wind Energy 
Equipment Tax 
Exemption 

Wisconsin Public 
Service 
Commission 

% = percent, kW = kilowatts, MW = Megawatts 
1 As of 2011, may be achieved through a variety of renewable energy sources, not just wind energy. 
2 In 2014, the State of Ohio suspended enactment of its RPS under Senate Bill 310 for a period of 2 years. 

1.3.2 Benefits to the USFWS and Other Federal Agencies  

The authorization and implementation of this MWE will be a significant step towards fulfilling 
national renewable energy goals, while simultaneously allowing the USFWS to continue to 
conserve the Covered Species. USFWS’ mission, “Working with others to conserve, protect, and 
enhance fish, wildlife, and plants, and their habitats for the continuing benefit of the American 
people,”7  directs the USFWS to engage with other entities to conserve species. The MWE is an 
ideal opportunity for the wind energy industry, state agencies, and the USFWS to achieve the 
goal of conservation of the Covered Species. 

                                                 
7 www.fws.gov/mission.html. 
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Specifically, the USFWS will benefit from a coordinated conservation and permitting approach 
that will:  

• Standardize avoidance, minimization, and mitigation measures for the increasing number 
of wind energy facilities seeking permits across Region 3 (i.e., the Plan Area); 

• Facilitate communication and consistency between the USFWS Field Offices and State 
natural resource and conservation agencies; 

• Reduce workload on resource constrained federal agencies;  

• Establish a monitoring program that will provide information on the impacts and benefits 
to Covered Species and other bat and bird species resulting from the Covered Activities 
and MWE implementation; 

• Provide new information and tools for evaluating impacts of wind energy facilities, 
improving the effectiveness of avoidance and minimization measures, and increasing the 
benefits of mitigation for the Covered Species.  

Section 7 of the ESA mandates that all federal agencies use interagency consultation with 
USFWS to ensure their actions do not jeopardize the continued existence of any endangered or 
threatened species or result in the destruction or adverse modification of designated critical 
habitat. Therefore, all federal agencies that conduct, fund, and authorize wind energy 
development in the Covered Lands (see Section 1.6) will benefit from the comprehensive 
approach to conservation established in the MWE. The MWE makes the federal authorization 
processes easier; therefore agency staff will spend less time in interagency consultation with 
USFWS and can focus on the primary purposes of their authority. Proposed and existing wind 
energy facilities authorized through the MWE will be developed and operated with an approach 
that emphasizes Covered Species conservation. This approach will set the foundation for a more 
rapid and efficient section 7 consultation process relative to the current process by which each 
federal action agency evaluates projects independently.  

1.4 PERMIT STRUCTURE 

The MWE has been prepared to facilitate the following two scenarios: it acts as a “template” 
HCP for individual wind energy project proponents that seek to obtain an ITP (as opposed to a 
Certificate of Inclusion [COI]) directly from the USFWS and further serves as a “programmatic” 
HCP that provides for issuance of an ITP to a designated Master Permittee. Under the second 
scenario, an entity receiving a Master Permit will be authorized to issue COIs to project 
proponents authorizing ESA take for specified Covered Species under the Master Permit. At the 
time MWE planning was initiated, it was envisioned that each of the States would serve as a 
Master Permittee for proposed and existing wind energy facilities located within their 
jurisdiction. Since that time, the States have indicated they do not wish to serve as a Master 
Permittee under the MWE. The Companies, however, will establish an Administrative 
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Implementing Entity (AIE) comprised of an incorporated Board that will serve as the MWE 
Master Permittee (see Section 9.2.2).  

Under the dual approach, project proponents requesting an individual ITP must provide 
documentation and clarification, as required by ESA issuance criteria, to the USFWS describing 
how the MWE requirements will be implemented for their specific proposed or existing wind 
energy facility. Similarly, under the Master Permittee approach, project proponents requesting a 
COI must provide documentation required to satisfy ESA issuance criteria to the Master 
Permittee, including a description of how the requirements of the MWE will be implemented 
(see Section 9.4). 

Project proponents for proposed wind energy facilities may only apply for an ITP from the 
USFWS or a COI from the AIE during the first 15 years and project proponents for existing wind 
energy facilities during the first 5 years of MWE implementation (see Section 1.5). If the AIE 
were to dissolve, relinquish its Master Permit, or have its Master Permit suspended or revoked 
during these enrollment periods, project proponents seeking coverage under the MWE will be 
required to obtain an ITP directly from the USFWS under the “template approach”. In such an 
event, existing COI-holders will need to reapply for an ITP from the USFWS to maintain their 
coverage (see Section 9.4.1) because the Master Permit under which the COI was issued will no 
longer be in effect.  

A description of the roles and responsibilities of the USFWS and the AIE is provided in Section 
9.2 and in Section 9.6 for individual Permittees and COI-holders. The process for applying for 
and receiving an ITP from the USFWS and a COI from the AIE are described in Sections 9.4.1 
and 9.4.2, respectively. 

1.5 DURATION OF THE MWE 

The term of the MWE will be initiated at the time the USFWS issues its MWE NEPA Record of 
Decision and ESA section 7 programmatic biological opinion. Proposed wind energy facilities 
may apply for and receive take authorizations during the first 15 years of MWE implementation 
or until all allowable take under the MWE has been allocated, whichever comes first. Existing 
wind energy facilities may apply for and receive take authorizations during the first 5 years of 
MWE implementation. The USFWS may extend the enrollment period for existing facilities by 
up to 5 years through the minor amendment process described in Section 8.6.2. The duration of 
take authorizations issued to new wind energy facilities, at the request of the project proponent, 
will be up to 30 years from the time construction is initiated. The duration of take authorizations 
issued to existing wind energy facilities will extend from the time of issuance until the facility is 
decommissioned and reclaimed up to a period of 30 years. The duration of the Master Permit 
will be for the duration of the MWE from the time the Master Permit is issued. 
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The MWE duration is based on the following considerations. 

• Pre-construction project development is a multi-year process, typically ranging from 3 to 
6 years. 

• Facility construction generally takes 1 to 2 years. 
• The typical operating life of a wind energy facility is 20 or more years. 
• Decommissioning and reclamation generally takes 1 to 2 years. 

Overall, the typical life of a wind energy facility for which incidental take coverage would be 
needed is 30 years. The 45-year duration for the MWE will allow for construction and operation 
for the typical useful life of utility-scale commercial wind energy facilities.  

The 45-year term of the MWE provides a sufficient duration for the full implementation of the 
mitigation measures. The duration of the MWE also provides the time necessary for restored 
mitigation habitats to develop the intended mitigation benefits for the Covered Species. 

1.6 PLAN AREA AND COVERED LANDS 

The MWE Plan Area encompasses all lands within the political boundary of USFWS Region 3, 
which includes the States (see Figure 1–1). The Covered Lands are a subset of the Plan Area that 
consist of those areas eligible to receive ESA incidental take authorization for proposed and 
existing wind energy facilities under the MWE (see Figure 1–4). Mitigation, however, may be 
implemented on lands throughout the Plan Area. The Covered Lands were developed based on 
comments received during the 2012 MWE public scoping process (see Section 1.1.2), the States, 
and the Steering Committee. The MWE does not preclude the development of wind energy 
facilities outside of Covered Lands; however, those facilities are not eligible for participation in 
the MWE. 

The locations of Covered Lands were determined based on the following criteria: 

• Land more than 20 miles from sensitive bat hibernacula as identified by USFWS in 
consultation with state wildlife agencies. This criterion minimizes the potential for 
impacts on habitats supporting major concentrations of covered bat species.  

• Land more than 3 miles from the shores of the Great Lakes. This criterion minimizes the 
potential for impacts of wind energy development on migrant water, shorebirds, and other 
migratory birds.  

• Land more than 1 mile from the edges of rivers supporting bat and bird migration 
corridors and/or concentrations of wintering waterfowl.  

• Land outside of floodplain areas along the Mississippi and Illinois rivers. This criterion 
minimizes the potential for impacts on important bird and bat migratory corridors. 
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Figure 1-4. Covered Lands within the MWE Plan Area   
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• Land outside of high bat concentration areas in southern Indiana and Missouri. 

• Land outside a bird migratory area in Illinois and bird migratory areas around large lakes 
in Minnesota. 

The Great Lakes are not included in the Covered Lands as the MWE addresses only land-based 
wind energy facilities. 

Mitigation measures (e.g., habitat protection and restoration) under the MWE will be 
implemented in the Plan Area, as appropriate for the conservation of the Covered Species, except 
as otherwise specified in Chapter 5.  

1.7 INTRODUCTION TO THE COVERED SPECIES 

This section includes a description of the process used to select MWE Covered Species and the 
results of that evaluation process. The section also includes brief introductions to the Covered 
Species. 

1.7.1 Selection of Covered Species 

Species identified for coverage under the MWE are those species for which project proponents 
may use the MWE to receive an incidental take authorization under the federal ESA for new and 
existing utility-scale commercial multi-turbine wind energy facilities. Species evaluated for 
coverage were federally listed endangered and threatened species, proposed and candidate 
species for federal listing, and bat species that are under consideration for listing that are known 
to be present or could be present in the Plan Area. The USFWS and the Companies developed a 
list of species based on these criteria to be evaluated for coverage under the MWE. A total of 85 
federally endangered, threatened, proposed, and candidate species and bat species under review 
for listing were identified and evaluated (see Table 1-3).  
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Table 1-3. Evaluation of Species Considered for Coverage that are Known to Occur or Could Occur in the Plan Area 1 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

1.  Ozark 
hellbender  

Amphibian None Missouri Streams of the Ozark plateau 
in southern Missouri and 
northern Arkansas. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

2.  Kirtland’s 
warbler  

Bird None Plan Area-wide, 
but primarily 
Michigan, 
Wisconsin, Ohio, 
Indiana, and Illinois  

Jack pine FE + + + + The species is covered. 

3.  Least tern - 
Interior 
population  

Bird None Illinois, Indiana, 
Missouri, Iowa 

Bare alluvial islands and 
dredged spoil islands 

FE + + + + The species is covered. 

4.  Piping plover - 
Great Lakes 
population 

Bird Units in: Illinois (Lake County); Indiana 
(Porter County); Michigan (Alger, 
Schoolcraft, Luce, Mackinac, Chippewa, 
Iosco, Presque Isle, Cheboygan, Emmet, 
Charlevoix, Leelanau, Benzie, Mason and 
Muskegon Counties); Minnesota (St. Louis 
County); Ohio (Erie and Lake Counties); 
Wisconsin (Douglas, Ashland, Marinette, 
and Manitowoc Counties) 

Illinois, Indiana, 
Michigan, 
Minnesota, Ohio, 
Wisconsin 

Beaches along shorelines of 
the Great Lakes 

FE + + + + The species is covered. 

5.  Piping plover - 
Northern Great 
Plains 
population 

Bird None in the Plan Area Iowa, Missouri, 
Minnesota  

Bare alluvial and dredged spoil 
islands, bare areas along 
major reservoirs and alkali 
lakes/wetlands 

FT + + + + The species is covered. 

6.  Sprague’s pipit Bird None Minnesota Large (>350 acre) patches of 
grassland - prefer native 
grassland, but also use 
nonnative planted grasslands. 

FC + + - + It is assumed that the species will not 
be affected by wind turbine operations 
because it is an extremely rare visitor 
to the Plan Area, and its known 
breeding range overlaps the Plan Area 
in only a very small area of 
northwestern Minnesota. Therefore the 
species is not covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

7.  Whooping crane Bird None in the Plan Area Iowa, Illinois, 
Indiana, Michigan, 
Minnesota, Ohio, 
and Wisconsin  

Wetlands and lake shorelines. FE + + + + The species occurs within the Plan 
Area as a nonessential experimental 
population. Under this rule, 
disturbance of cranes on private 
property that is accidental or incidental 
to an otherwise lawful activity, 
including the operation of wind 
turbines, is not considered an illegal 
activity under the ESA (66 FR 
123:33903, June 26, 2001). Therefore, 
the species is not covered. 

8.  Cave crayfish, no 
common name 
(Cambarus 
aculabrum) 

Crustacean None Missouri Caves. FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

9.  Illinois cave 
amphipod  

Crustacean None Illinois Cave streams. FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

10.  Arkansas darter  Fish None Missouri Sand or pebble-bottomed 
pools of small, spring-fed 
streams and marshes, with 
cool water and broad-leaved 
aquatic vegetation in the 
principal drainages in 
Missouri’s Spring River 
system. 

FC + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

11.  Grotto sculpin  Fish None Missouri Streams in cave systems, 
occupying pools and riffles 
with moderate stream flow and 
low to moderate stream depth. 
Restricted to the Central 
Perryville Karst and Mystery-
Rimstone Karst in Perry 
County, southeast Missouri. 

PE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

12.  Neosho madtom Fish None Missouri (Jasper 
County) 

Medium to large rivers in 
shallow riffles over gravel 
bottoms. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

13.  Niangua darter  Fish Big Tavern Creek, Miller County; Brush 
Creek, Cedar and St. Clair Counties; 
Niangua River, Dallas County; and 
Pomme de Terre River, Greene County.  

Missouri Clear, medium-sized streams 
that run off hilly areas 
underlain by chert and 
dolomite.  

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

14.  Ozark cavefish  Fish None Missouri Caves in the Boone and 
Burlington limestone 
formations of the Ozark 
Mountains. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

15.  Pallid sturgeon  Fish None Illinois, Iowa, 
Missouri 

Mississippi River downstream 
of its confluence with the 
Missouri River; Ohio River 
below Dam #53; Missouri 
River. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

16.  Scioto madtom  Fish None Ohio Stream riffles of moderate flow 
over sandy gravel bottom; may 
be extinct.  

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

17.  Topeka shiner  Fish A total of 83 stream segments, 
representing 836 miles of stream in the 
States of Iowa, Minnesota, and Nebraska. 

Iowa, Minnesota, 
Missouri 

Small prairie streams. FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

18.  American burying 
beetle  

Insect None Michigan, Ohio, 
Missouri (10j) 

Many types of habitat, with a 
slight preference for 
grasslands and open 
understory oak hickory forests. 
However, the beetles need 
carrion the size of a dove or a 
chipmunk to reproduce. 
Carrion availability may be the 
greatest factor determining 
where the species can survive. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

19.  Dakota skipper  Insect None Iowa, Illinois, 
Minnesota 

High-quality tallgrass and 
mixed grass prairie. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

20.  Hine’s emerald 
dragonfly  

Insect Approximately 26,531.8 acres in 37 units 
fall located in Cook, DuPage, and Will 
Counties in Illinois; Alpena, Mackinac, 
and Presque Isle Counties in Michigan; 
Crawford, Dent, Iron, Phelps, Reynolds, 
Ripley, Washington, and Wayne Counties 
in Missouri; and Door and Ozaukee 
Counties in Wisconsin. 

Illinois, Michigan, 
Missouri, 
Wisconsin 

Spring-fed wetlands, wet 
meadows and marshes; 
calcareous streams and 
associated wetlands overlying 
dolomite bedrock. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

21.  Hungerford’s 
crawling water 
beetle  

Insect None Michigan Cool riffles of clean, slightly 
alkaline streams; known to 
occur in only a few isolated 
locations. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

22.  Karner blue 
butterfly  

Insect None Illinois, Indiana, 
Michigan, 
Minnesota, Ohio, 
Wisconsin  

Pine barrens and oak 
savannas on sandy soils and 
containing wild lupines, the 
only known food plant of 
larvae. 

FE + + - + It is assumed that the species will not 
be affected by wind turbine operations 
because it flies low and it only occurs 
in the Plan Area in a few scattered 
locations that meet its specific habitat 
requirements. It is therefore not 
covered. 

23.  Mitchell’s satyr 
butterfly  

Insect None Indiana, Michigan, 
Ohio 

Fens, wetlands characterized 
by calcareous soils which are 
fed by carbonate-rich water 
from seeps and springs. 

FE + + - + It is assumed that the species will not 
be affected by wind turbine operations 
because it flies low and it only occurs 
in the Plan Area in a few scattered 
locations that meet its specific habitat 
requirements. It is therefore not 
covered. 

24.  Poweshiek 
skipperling  

Insect None Iowa, Michigan, 
Minnesota, 
Wisconsin  

Remnants of tallgrass prairie. 
Also fens in Michigan. 

FE + + - + It is assumed that the species will not 
be affected by wind turbine operations 
because it flies low and it only occurs 
in the Plan Area in a few scattered 
locations that meet its specific habitat 
requirements. It is therefore not 
covered. 

25.  Canada lynx  Mammal Northeastern Minnesota – 8,065 square 
miles in portions of Cook, Koochiching, 
Lake, and St. Louis Counties, and 
Superior National Forest. 

Michigan, 
Minnesota, 
Wisconsin 

Mix of evergreens and 
hardwoods, such as maple 
and birch; interspersion of 
mature and young forest. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

26.  Gray bat Mammal None Illinois, Indiana, 
Missouri 

Caves FE - + + - Potential for take will be avoided 
because the species not expected to 
occur within the Covered Lands. 

27.  Gray wolf Mammal None Minnesota 
Wisconsin 
Michigan 

Wide range of habitats where 
prey species are available, 
e.g., white-tailed deer, moose, 
beaver, and snowshoe hare 

FE2 + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

28.  Indiana bat  Mammal Illinois - Blackball Mine (LaSalle Co.); 
Indiana - Big Wyandotte Cave (Crawford 
Co.), Ray’s Cave (Greene Co.); Missouri - 
Cave 021 (Crawford Co.), Caves 009 and 
017 (Franklin Co.), Pilot Knob Mine (Iron 
Co.), Bat Cave (Shannon Co.), Cave 029 
(Washington Co.). 
 

Illinois, Indiana, 
Iowa, Michigan, 
Missouri, Ohio  

Summer habitat includes small 
to medium river and stream 
corridors with well-developed 
riparian woods; woodlots 
within 1 to 3 miles of small to 
medium rivers and streams; 
and upland forests. Caves and 
mines as hibernacula.  

FE + + + + The species is covered. 

29.  Little brown bat Mammal None Plan Area-wide Forage in wide range of 
habitats. Hibernacula are most 
commonly in caves or mines, 
while a wide variety of natural 
and man-made structures are 
used as day- and night roosts. 

UR + + + + The species is covered. 

30.  Northern long-
eared bat 

Mammal None Plan Area-wide Summer habitat includes 
forested lands. Caves and 
mines as hibernacula. 

FT + + + + The species is covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

31.  Ozark big-eared 
bat  

Mammal None Missouri Caves in limestone karst 
regions dominated by mature 
hardwood forest. 

FE - + + + Potential for take will be avoided 
because the species not expected to 
occur within the Covered Lands. 

32.  Clubshell Mussel None Illinois, Indiana, 
Michigan, Ohio, 

Found in coarse sand and 
gravel areas of runs and riffles 
within streams and small 
rivers. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

33.  Cracking pearly 
mussel  

Mussel None Indiana (extirpated) Medium to large rivers in mud, 
sand, or gravel. 

FE - + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

34.  Curtis’ pearly 
mussel  

Mussel None Missouri Restricted to Little Black River 
in Ripley County, Missouri. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

35.  Fanshell Mussel None Illinois, Indiana, 
Ohio,  

Found in areas of packed 
sand and gravel at locations in 
a good current. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

36.  Fat pocketbook  Mussel None Illinois, Indiana, 
Kentucky, Missouri 

Large rivers in slow-flowing 
water. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

37.  Higgins eye pearly 
mussel  

Mussel None Illinois, Iowa, 
Minnesota, 
Missouri, 
Wisconsin 

Mississippi River and some of 
its larger northern tributaries 
(i.e., St. Croix and Wisconsin 
Rivers) in gravel or sand. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

38.  Neosho mucket  Mussel None Missouri Rivers in stable runs, shoals, 
and riffles with gravely 
bottoms and moderate 
currents. 

PE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

39.  Northern riffleshell  Mussel None Indiana, Michigan, 
Ohio 

Large streams and small rivers 
in firm sand of riffle areas; also 
occurs in Lake Erie. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

40.  Orange foot 
pimpleback 
pearlymussel  

Mussel None Illinois, Indiana 
(extirpated) 

Gravel bars with strong 
currents in large rivers. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

41.  Pink mucket 
pearlymussel  

Mussel None Illinois, Indiana, 
Missouri, Ohio 

The lower Mississippi and 
Ohio Rivers and their larger 
tributaries. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

42.  Purple cat’s paw 
pearlymussel 

Mussel None Ohio Gravel riffles of medium to 
large rivers. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

43.  Rabbitsfoot  Mussel None Illinois, Indiana, 
Missouri, Ohio 

Rivers. FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

44.  Rayed bean  Mussel Yes Indiana, Michigan, 
Ohio 

Smaller, headwater creeks, 
but they are sometimes found 
in large rivers, and Lake Erie. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

45.  Ring pink mussel 
(=golf stick pearly)  

Mussel None Indiana (extirpated) Large rivers in sand or gravel. FE - + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

46.  Rough pigtoe  Mussel None Indiana Medium to large rivers in sand 
and gravel. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

47.  Scaleshell  Mussel None Missouri Medium-sized and large rivers 
with stable channels and good 
water quality. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

48.  Sheepnose  Mussel None Illinois, Indiana, 
Iowa, Minnesota, 
Missouri, Ohio, 
and Wisconsin  

Shallow areas in larger 
rivers and streams. 

FE + + - + The risk of take from wind turbine 
construction and operations is too 
low to justify the need for regional 
coordination. Therefore, the 
species is not covered. 

49.  Snuffbox  Mussel None Illinois, Indiana, 
Michigan, 
Missouri, Ohio, 
Wisconsin 

Small- to medium-sized 
creeks in areas with a swift 
current and some larger 
rivers, and Lake Erie. 

FE + + - + The risk of take from wind turbine 
construction and operations is too 
low to justify the need for regional 
coordination. Therefore, the 
species is not covered. 

50.  Spectaclecase  Mussel None Illinois, Iowa, 
Minnesota, 
Missouri, and 
Wisconsin  

Large rivers in areas sheltered 
from the main force of the 
current. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

51.  Tubercled blossom 
pearlymussel  

Mussel None Indiana (extirpated) Gravel riffles in medium to 
large rivers. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

52.  White cat's paw 
pearlymussel  

Mussel None Ohio, Indiana Firm sand or gravel riffles in 
small streams and medium to 
large rivers. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

53.  White wartyback 
pearlymussel  

Mussel None Indiana (extirpated) Large rivers in gravel. FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

54.  Winged mapleleaf  Mussel None Minnesota, 
Missouri, 
Wisconsin 

Medium to large rivers in mud, 
sand, or gravel. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

55.  American hart’s-
tongue fern 

Plant None Michigan Cool limestone sinkholes in 
mature hardwood forest. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

56.  Decurrent false 
aster  

Plant None Illinois, Missouri Disturbed alluvial soils 
(Mississippi and Illinois River 
alluvial floodplain). 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

57.  Dwarf lake iris  Plant None Michigan, 
Wisconsin 

Partially shaded sandy-
gravelly soils on lakeshores. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

58.  Eastern prairie 
fringed orchid  

Plant None Illinois, Indiana, 
Iowa, Michigan, 
Missouri, Ohio, 
Wisconsin 

Mesic to wet prairies and 
meadows. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

59.  Fassett’s locoweed  Plant None Wisconsin Open sandy lakeshores. FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

60.  Geocarpon (no 
common name)  

Plant None Missouri Moist soils in exposed 
sandstone glades. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

61.  Houghton’s 
goldenrod  

Plant None Michigan Sandy flats along Great Lakes 
shores. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

62.  Lakeside daisy  Plant None Illinois, Michigan, 
Ohio 

Dry rocky prairies; limestone 
rock surfaces including 
outcrops and quarries. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

63.  Leafy prairie-clover Plant None Illinois Prairie remnants on thin soil 
over limestone (Des Plaines 
River floodplain). 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

64.  Leedy’s roseroot  Plant None Driftless area of 
southeastern 
Minnesota 

Cool, wet groundwater-fed 
limestone cliffs. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

65.  Mead’s milkweed  Plant None Illinois, Indiana, 
Iowa, Missouri, 
Wisconsin 

Prairies and rhyolite glades in 
Missouri. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

66.  Michigan monkey-
flower  

Plant None Michigan Soils saturated with cold 
flowing spring water; found 
along seepages, streams and 
lakeshores. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

67.  Minnesota dwarf 
trout lily  

Plant None Minnesota North facing slopes and 
floodplains in deciduous 
forests. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

68.  Missouri bladder-
pod  

Plant None Missouri Open glades in shallow 
limestone soils. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

69.  Northern wild 
monkshood  

Plant None Iowa, Ohio, 
Wisconsin 

Cool, moist, shaded cliff faces 
or talus slopes in wooded 
ravines, near water seeps. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

70.  Pitcher’s thistle  Plant None Illinois, Indiana, 
Michigan, 
Wisconsin 

Stabilized dunes and blowout 
areas of the Great Lakes 
shoreline. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

71.  Pondberry Plant None Missouri Bottomland hardwood forest, 
poorly drained depressions, 
and margins of limestone 
sinks. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

72.  Prairie bush-clover  Plant None Illinois, Iowa, 
Minnesota, 
Wisconsin 

Dry to mesic prairies with 
gravelly soils. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

73.  Price’s potato-
bean  

Plant None Illinois Wet floodplain forests, 
shrubby swamps. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

74.  Running buffalo 
clover  

Plant None Indiana, Missouri, 
Ohio 

Disturbed bottomland 
meadows; disturbed sites that 
have shade during part of 
each day. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

75.  Short’s bladderpod  Plant None Indiana Steep, rocky wooded slopes 
and talus areas along cliff tops 
and bases and cliff ledges. 
Found adjacent to rivers or 
streams and on south to west 
facing slopes. Indiana 
population within the Shawnee 
Hills section of the Interior Low 
Plateau Physiographic 
Province.  

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

76.  Short’s goldenrod  Plant None Indiana Cedar glades and openings in 
oak and hickory forests. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

77.  Small whorled 
pogonia  

Plant None Illinois, Michigan, 
Ohio 

Dry woodland; upland sites in 
mixed forest (second or third 
growth stage). 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

78.  Virginia 
sneezeweed  

Plant None Missouri Sinkhole ponds. FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

79.  Virginia spiraea  Plant None Ohio Stream banks and floodplains. FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 
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Table 1-3. Evaluation for Coverage of Species Listed, Proposed, or Candidates for Listing under the ESA that are Known to Occur or Could Occur in the Plan Area (continued) 

No. Species Taxonomic 
Group Designated Critical Habitat Range in Plan 

Area Habitat Listing 
Status1 

Known or 
Likely to 

Occur within 
Covered 
Lands 

Listed or 
Likely to 
Become 

Listed within 
Term of MWE 

Potential for 
Take from 

Wind Turbine 
Operations 

Sufficient 
Information to 
Assess Take 
and Develop 
AMMs and 
Mitigation 
Measures 

Comments on Coverage 

80.  Western prairie 
fringed orchid  

Plant None Iowa, Minnesota, 
Missouri 

Wet prairies and sedge 
meadows. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

81.  Copperbelly water 
snake  

Reptile None Indiana, Michigan, 
Ohio 

Wooded and permanently wet 
areas such as oxbows, 
sloughs, brushy ditches and 
floodplain woods. 

FT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

82.  Eastern 
massasauga 
rattlesnake 

Reptile None Illinois, Indiana, 
Iowa, Michigan, 
Minnesota, 
Missouri, Ohio, 
Wisconsin 

Shallow wetlands and 
adjacent upland habitats. 
Suitable wetland habitat 
includes peatlands, marshes, 
sedge meadows, and swamp 
forest; typical upland habitat 
includes open savannas, 
prairies, grassy areas, wet 
open woodlands, and old 
fields.  

PT + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

83.  Iowa Pleistocene 
snail  

Snail None Illinois, Iowa North-facing algific talus 
slopes. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

84.  Tumbling Creek 
cavesnail  

Snail 25 acres, includes Tumbling Creek and 
associated springs located near Protem, 
Missouri. 

Missouri Tumbling Creek in Tumbling 
Creek cave in Taney County. 

FE + + - + The risk of take from wind turbine 
construction and operations is too low 
to justify the need for regional 
coordination. Therefore, the species is 
not covered. 

> = greater than; + = criterion is met, - = criterion is not met, AMMs = avoidance and minimization measures, Co. = County, ESA = Endangered Species Act, FR = Federal Register, MWE = Midwest Wind Energy Multi-Species Habitat Conservation Plan. 
1 Listing Status: FE – Federal Endangered; FT – Federal Threatened; FC – Federal Candidate; PE – Proposed Endangered; PT – Proposed Threatened; UR– Under Review. 
2 The gray wolf remains federally listed as endangered in the Plan Area in Missouri and portions of Iowa, Illinois, Indiana, and Ohio outside the boundaries of the delisted Western Great Lakes distinct population segment (DPS). 
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Four criteria were used to evaluate the species identified in Table 1-3 to determine if they should 
be included as Covered Species. All four of the criteria had to be met for the species to be 
proposed for coverage under the MWE. Criteria used to select Covered Species were: 

1. The Species is known to be present or likely to be present within the Covered Lands of 
the Plan Area.  

2. The Species is listed under ESA or is likely to become listed under ESA during the term 
of the MWE. Species that are currently proposed, candidates, or bat species under review 
for listing were determined to be likely to become listed. 

3. There is potential for incidental take of the species as a result of the operations of wind 
turbines included in the Covered Activities under the MWE. 

4. Sufficient information about the species is available to assess the take and impacts of take 
of implementing the Covered Activities on the species and to develop avoidance, 
minimization, and mitigation measures for the species. 

The evaluation process and results of the process for each of the species considered are presented 
in Table 1-3. A total of six of the evaluated species (including distinct population segments 
[DPSs]) meet all four of the above criteria and are proposed for coverage: Kirtland's warbler, 
interior population of the least tern, Great Lakes population of the piping plover, Northern Great 
Plains population of the piping plover, Indiana bat, northern long-eared bat, and little brown bat. 
The bald eagle, which does not meet the criteria for evaluation in Table 1-3, is also proposed as a 
Covered Species per the provisions of the Bald and Golden Eagle Protection Act as described in 
Section 1.8.5 (see Table 1-4). The MWE will provide take authorization to wind energy facilities 
for the Covered Species that could be taken as a result of implementing the Covered Activities 
described in Chapter 2.  

Table 1-4. Proposed Covered Species under the MWE 

No. Common Name Scientific Name 
Listing 
Status1 

Bat Species 
1 Indiana bat Myotis sodalis E 
2 Northern long-eared bat Myotis septentrionalis T 
3 Little brown bat Myotis lucifugus UR 

Bird Species 
4 

Kirtland’s warbler 
Setophaga (formerly Dendroica) 
kirtlandii E 

5 Piping plover – Great Lakes population Charadrius melodus E 
6 Piping plover – northern Great Plains population Charadrius melodus T 
7 Interior least tern – interior population Sterna antillarum athalassos E 
8 Bald eagle Haliaeetus leucocephalus --2 

1 Listing Status: E – Listed endangered under the federal Endangered Species Act; T – Listed as threatened under the federal 
Endangered Species Act; UR – Under review for listing. The USFWS is conducting a listing status review for little brown bat based 
on a listing status review report (Kunz and Reichard 2010). 
2 The bald eagle is not listed under the ESA, but is protected under the Bald and Golden Eagle Act which includes provisions to 
provide for its take under an HCP (see Section 1.8.5). 



Introduction Chapter 1 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 1-28 

1.7.2 Indiana Bat 

The Indiana bat was listed as endangered in 1967 (under the Endangered Species Preservation 
Act, a precursor to the ESA). The overall population was increasing from 2000 to 2011, but 
drastic declines in states affected by white-nose syndrome since 2006 may have negated 
population gains. Habitat loss and human disturbance of hibernacula are the main reasons for 
historic population declines, while white-nose syndrome is currently the greatest threat to 
existing populations range-wide. The species’ range within the Plan Area includes all states 
except Minnesota and Wisconsin. 

1.7.3 Northern Long-Eared Bat 

The northern long-eared bat was listed as threatened under the ESA in 2015. Little is known 
about population size or trends of northern long-eared bat, although losses due to white-nose 
syndrome will be substantial. Threats to the species include loss of forest habitat, disturbance to 
hibernation habitat, climate change, and white-nose syndrome. Northern long-eared bat occurs in 
each of the Plan Area states. 

1.7.4 Little Brown Bat 

The little brown bat is one of the most common and widespread bat species in North America, 
with an estimated population of 6.5 million. However, due to steep population declines of little 
brown bats at hibernacula infected with white-nose syndrome, the USFWS is conducting a status 
assessment of the little brown bat. The greatest threat to the species is white-nose syndrome, 
while others threats include disturbance to hibernation habitat, deforestation, pesticides, and 
climate change. The little brown bat is known to occur throughout the Plan Area.  

1.7.5 Kirtland’s Warbler 

Kirtland’s warbler was listed as an endangered species in 1967 under the Endangered Species 
Preservation Act. Kirtland’s warbler is one of the largest North American wood warblers 
(Family: Parulidae) and requires a specialized nesting habitat of young jack pine forest. The 
main threats to the species are loss of its specific nesting habitat type in its restricted breeding 
range and cowbird nest parasitism. The population hovered around 200 singing males from 1967 
to 1990, when changes in forest management and brown-headed cowbird control programs 
resulted in an increase to 2,090 singing males in 2012. Most of the Kirtland’s warbler nesting 
population is concentrated in the central portion of the Lower Peninsula and parts of the Upper 
Peninsula of Michigan. Kirtland’s warbler migrates through the Plan Area during spring and fall.  

1.7.6 Interior Least Tern 

The interior least tern is a subspecies of least tern that was listed under the ESA in 1985. Since 
listing the population has increased from less than 2,000 individuals to more than 12,000. The 
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primary threat to interior least tern has been the alteration of natural river flow and sediment 
dynamics, and recreational use of sandbar habitat, which have had a major impact on the 
reproductive success of the least terns. Within the Plan Area, interior least tern is largely 
restricted to areas along the Mississippi River in eastern Missouri and southern Illinois and the 
confluences of other major rivers with the Mississippi River. 

1.7.7 Piping Plover (Great Lakes and Northern Great Plains 
Populations) 

The piping plover was listed under the ESA in 1986. The piping plover is a small migratory 
shorebird that arrives at its breeding grounds between March and May and leaves for its 
wintering habitat in early Fall. The Great Lakes breeding population nests in and migrates 
through the Plan Area and is listed as endangered. The Northern Great Plains subpopulation is 
listed as threatened and migrates through the Plan Area. A small proportion of the Northern 
Great Plains population breeds within the Plan Area in Minnesota. The alteration of natural 
waterways (by construction of reservoirs and modification of river flows), shoreline 
development, disturbance of their nesting habitat (typically on sandy substrates), and predation 
are major threats to piping plover. The species is most often found within the Plan Area in 
association with the shoreline habitat of the Great Lakes, especially Lake Michigan.  

1.7.8 Bald Eagle 

The bald eagle was listed as an endangered species in 1966 under the Endangered Species 
Preservation Act. Following their listing and the banning of pesticides that affected bald eagle 
reproduction and survival (e.g., DDT) bald eagle populations recovered such that in October 
2007, the USFWS determined that the bald eagle population had reached a sufficient size to 
warrant their removal from the federal list of threatened and endangered species. As of 2009, the 
Great Lakes population, which occurs in the Plan Area, accounted for forty percent (27,617 
eagles) of the bald eagle population (USFWS 2009a). The bald eagle breeds in all the Plan Area 
states, with the largest breeding populations located in Minnesota, Wisconsin, and northern 
Michigan (USFWS 2007a; Sauer et al. 2014). Bald eagles also winter in the each of the Plan 
Area states, with major concentrations primarily located along the Mississippi and Missouri 
Rivers (National Audubon Society 2010). Currently, the primary threats to bald eagle include 
habitat loss and degradation, interactions with human activities and structures (e.g., shooting, 
collisions with vehicles, power line-related electrocutions), and ingestion of contaminants and 
pesticides.  

1.8 REGULATORY/LEGAL FRAMEWORK FOR THE MWE 

This section provides brief overviews of the federal laws relevant to the authorization of the 
MWE. Also provided are overviews of other federal and state laws related to the authorization of 
the MWE. An overview of state endangered species laws is also provided. 
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1.8.1 Federal Endangered Species Act of 1973, As Amended 

The ESA was signed into law in 1973 and named the Secretaries of the Department of the 
Interior (terrestrial and fresh water) and Department of Commerce (marine systems) to 
administer its provisions. Section 2 of the ESA identifies what the Congress intends to 
accomplish in the findings, purposes and policy statements. Under ESA section 2, Congress finds 
and declares that:  

• Various species of fish, wildlife and plants in the United States have been rendered 
extinct as a consequence of economic growth and development untempered by adequate 
concern and conservation;  

• Other species of fish, wildlife, and plants have been so depleted in numbers that they are 
in danger of or threatened with extinction; 

• These species of fish, wildlife, and plants are of esthetic, ecological, educational, 
historical, recreational, and scientific value to the Nation and its people; 

• The United States has pledged itself as a sovereign state in the international community 
to conserve to the extent practicable the various species of fish or wildlife and plants 
facing extinction, pursuant to the Treaties and other international agreements (referenced 
in this section of the ESA); and 

• Encouraging the States and other interested parties, through Federal financial assistance 
and a system of incentives, to develop and maintain conservation programs which meet 
national and international standards is a key to meeting the Nation’s international 
commitments and to better safeguard, for the benefit of all citizens, the Nation’s heritage 
in fish, wildlife, and plants.8 

The ESA states its purposes “are to provide a means whereby the ecosystems upon which 
endangered species and threatened species depend may be conserved, to provide a program for 
the conservation of such endangered and threatened species, and to take such steps as may be 
appropriate to achieve the purposes of the treaties and conventions” identified in the section.9  

The ESA further states that it is the policy of Congress that “all Federal departments and 
agencies shall seek to conserve endangered species and threatened species and shall utilize their 
authorities in furtherance of the purposes” of ESA and that “Federal agencies shall cooperate 
with State and local agencies to resolve water resource issues in concert with conservation of 
endangered species.”10 

The ESA has four major components relevant to the MWE: the section 9 prohibition against the 
taking of listed species; the section 10 provisions for the permitting of nonfederal entities for the 

                                                 
8 16 U.S.C. §1531(a). 
9 16 U.S.C. §1531(b). 
10 16 U.S.C. §1531(c). 
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incidental take of listed species; the section 6 provisions directing USFWS to cooperate with the 
states; and the section 7 requirement that federal agencies to carry out programs to conserve 
threatened and endangered species and ensure, in consultation with the federal fish and wildlife 
agencies, that their actions are not likely to jeopardize the continued existence of species or result 
in adverse modification or destruction of critical habitat.  

Section 9(a)(1)(B) of the ESA prohibits the take by any person of any endangered fish or wildlife 
species; take of threatened fish or wildlife species is prohibited by regulation. The ESA prohibits 
the take of any listed threatened fish or wildlife species in violation of any regulation 
promulgated by the USFWS. “Take” is defined broadly to mean harass, harm, pursue, hunt, 
shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct.11  
“Harm” is defined by regulation to mean an act which actually kills or injures wildlife, including 
those activities that cause significant habitat modification or degradation resulting in the killing 
or injuring of wildlife by significantly impairing essential behavior patterns, including breeding, 
feeding, or sheltering.12  The take prohibitions of the ESA apply unless take is otherwise 
specifically authorized or permitted pursuant to the provisions of section 7 or section 10 of the 
ESA.  

Section 6 of the ESA directs USFWS to cooperate to the maximum extent practicable with the 
States, including through consultation before acquiring land or water for the purpose of 
conserving endangered and threatened species; allows USFWS to enter into agreements with 
States for the administration and management of areas established for the conservation of 
endangered and threatened species; and authorizes USFWS to enter into cooperative agreements 
with any state which establishes and maintains an adequate and active program for the 
conservation of endangered and threatened species.13  Section 6 of the ESA also authorizes 
USFWS to provide financial assistance to any state to assist in the development of programs for 
the conservation of endangered and threatened species.14  Preparation of the MWE was partially 
funded through a planning grant provided to the State of Indiana pursuant to this provision of the 
ESA. 

Section 10 of the ESA specifically addresses the authorization for take by nonfederal entities 
through the development of an HCP. For those actions for which no federal nexus exists (i.e., not 
authorized, funded, or carried out by a federal agency), private individuals, corporations, state 
and local government agencies, and other nonfederal entities who wish to conduct otherwise 
lawful activities that may incidentally result in take of a listed species may first obtain a section 
10 incidental take permit from USFWS. An HCP must be developed as part of the permit 
application process. The HCP must include: 

                                                 
11 16 U.S.C § 1532(19). 
12 50 CFR §17.3. 
13 16 U.S.C § 1535(a)-(c). 
14 16 U.S.C § 1535(d). 
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• A complete description of the activity sought to be authorized; 

• The common and scientific names of the species sought to be covered by the permit, as 
well as the number, age, and sex of such species, if known; and 

• A conservation plan that specifies: 

o The impact that will likely result from such taking; 

o What steps the applicant will take to monitor, minimize and mitigate such 
impacts, the funding that will be available to implement such steps, and the 
procedures to be used to deal with unforeseen circumstances; 

o What alternative actions to such taking the applicant considered and the reasons 
why such alternatives are not proposed to be utilized; and 

o Such other measures that the Director (of USFWS) may require as being 
necessary or appropriate for purposes of the plan.15  

The MWE is intended to meet all statutory and legal requirements necessary for USFWS to issue 
section 10 permits to allow incidental take of the Covered Species as a result of Covered 
Activities undertaken by applicants for a take authorization under the MWE. Before issuing a 
section 10 incidental take permit, the USFWS must make the following findings: 

• The taking will be incidental; 

• The applicant will, to the maximum extent practicable, minimize and mitigate the impacts 
of such takings; 

• The applicant will ensure that adequate funding for the conservation plan and procedures 
to deal with unforeseen circumstances will be provided; 

• The taking will not appreciably reduce the likelihood of the survival and recovery of the 
species in the wild;  

• The measures, if any, required under paragraph (b)(1)(iii)(D) of this section (i.e., the HCP 
conservation plan requirements described above) the conservation plan will be met; and 

• He or she has received such other assurances as he or she may require that the plan will 
be implemented.16 

In June 2000, the USFWS adopted the Five-Point Policy designed to clarify elements of the 
habitat conservation planning program as they relate to biological goals, adaptive management, 

                                                 
15 50 CFR 17.22(b)(2)(i)(iii). 
16 50 CFR 17.22(b)(2)(i)(iii). 
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monitoring, permit duration, and public participation.17  The Five-Point Policy directs that the 
following elements be addressed in the development of HCPs: 

• Biological Goals and Objectives. HCPs are required to define biological goals and 
objectives the plan is intended to achieve. Biological goals and objectives clarify the 
purpose and direction of the plan’s conservation program. The MWE establishes 
biological goals and objectives for the MWE. These goals and objectives are based on the 
best available scientific information and will serve as parameters and benchmarks to 
guide the conservation strategies for the species covered by the Plan. The biological goals 
and objectives of the MWE are described in Chapter 5. 

• Adaptive Management. The Five-Point Policy encourages the inclusion of adaptive 
management strategies in HCPs in appropriate circumstances to address uncertainty 
related to species covered by a plan. The policy describes adaptive management as a 
“method for examining alternative strategies for meeting measurable biological goals and 
objectives, and then, if necessary, adjusting future conservation management actions 
according to what is learned.”18  The MWE incorporates an adaptive management 
process designed to facilitate and improve decision-making during the implementation of 
the MWE and to identify adjustments and modifications to the Conservation Plan, as 
defined in the MWE, as new information becomes available over time. The framework 
for the MWE adaptive management program is described in Chapter 7. 

• Monitoring. HCPs are required to include provisions for monitoring to gauge the 
effectiveness of the plan in meeting the biological goals and objectives and to verify that 
the terms and conditions of the plan are being properly implemented. The monitoring 
provisions of the MWE are found in Chapter 7. 

• Permit Duration. Consistent with the Five-Point Policy, the USFWS considers several 
factors in determining the term of an incidental take permit. USFWS, for instance, takes 
into account the expected duration of the activities proposed for coverage and the 
anticipated positive and negative effects on Covered Species that will likely occur during 
the course of plan implementation. USFWS also factors in the level of scientific and 
commercial data underlying the proposed operating conservation program, the length of 
time necessary to implement and achieve the benefits of the operating conservation 
program, and the extent to which the program incorporates adaptive management 
strategies. The duration of the MWE is 45 years as described in Section 1.5. 

• Public Participation. Under the Five-Point Policy, the USFWS has sought to increase 
public participation in the HCP process, including greater opportunity for the public to 
assess, review, and analyze HCPs and associated NEPA documentation. As a part of this 
effort, the USFWS has expanded the public review process for most HCPs, particularly 
those with regional scopes. As described in Sections 1.1.2 and 1.1.3, the MWE process 

                                                 
17 Final Addendum to the Handbook for Habitat Conservation Planning and Incidental Take Permitting, 65 FR 35242, June 1, 
2000 (referred to as the Five-Point Policy). 
18 65 FR 35242. 
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afforded opportunities for public involvement and input during the scoping of the MWE 
as well as under the NEPA process.  

Pursuant to section 7 of the ESA, all federal agencies (including USFWS when it issues an ESA 
section 10 permit) must ensure, in consultation with USFWS (USFWS conducts an intra-agency 
consultation on its issuance of section 10 permits), that any actions authorized, funded, or carried 
out by the agency are not likely to jeopardize the continued existence of any endangered or 
threatened species or result in the destruction or adverse modification of areas determined to be 
critical habitat.19  Section 7 requires federal agencies to engage in formal consultation with the 
USFWS for any proposed actions that are likely to adversely affect listed species. A biological 
opinion (BO) is issued by the USFWS at the completion of formal consultation. The BO may 
conclude that the federal action as proposed (in this case the issuance of ITPs and COIs under the 
MWE) is either likely or not likely to jeopardize the continued existence of the species. If the BO 
concludes that the proposed action would jeopardize the continued existence of a listed species 
or adversely modify its designated critical habitat, the BO must suggest “reasonable and prudent 
alternatives” that would avoid that result and an “incidental take statement.”  If the BO concludes 
that the project as proposed would involve take of a listed species, but not to an extent that would 
jeopardize the species’ continued existence, it must include an incidental take statement. The 
incidental take statement specifies an amount of take that may occur as a result of the action and 
may include “reasonable and prudent measures” to minimize the impacts of the take. If the action 
complies with the BO and incidental take statement, it may be implemented without violation of 
the ESA, even if incidental take occurs.  

1.8.2 National Environmental Policy Act 

NEPA is the basic national charter for protection of the environment; it establishes policy, sets 
goals, and provides means for carrying out the policy, and contains “action-forcing” provisions 
to make sure that federal agencies act according to the letter and spirit of NEPA.20  The purpose 
of NEPA is to ensure that federal agencies consider the environmental impacts of their actions 
and decisions. NEPA requires that the federal government use all practicable means and 
measures to protect environmental values and make environmental protection a part of the 
mandate of every federal agency and department. To accomplish this goal, NEPA establishes a 
process and approach to determine the environmental impacts associated with proposed federal 
actions that significantly affect the quality of the human environment.  

The implementation of the MWE involves a federal action and decisions that constitute a major 
federal action and are subject to review under NEPA. USFWS will make decisions regarding the 
adoption of the plan, the issuance of ESA ITPs during implementation under the process 
established by the MWE, and the acquisition of lands as a part of MWE implementation. 
USFWS has determined that in this instance an EIS is required to comply with NEPA and is the 
lead agency for preparation of the MWE EIS. After completion and public review of a draft EIS, 
                                                 
19 16 U.S.C. § 1536(a)(2). 
20 42 U.S.C. §4321 et seq. 
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the USFWS will prepare a final EIS, and then issue a Record of Decision (ROD) documenting its 
decisions and findings. 

1.8.3 National Historic Preservation Act 

The National Historic Preservation Act (NHPA) of 1966 was created to preserve historical and 
archaeological sites as well as form the National Register of Historic Places, the list of National 
Historic Landmarks, and the State Historic Preservation Offices (SHPO).21  Section 106 of the 
NHPA establishes a review process that federal agencies must undergo for all federally funded 
and federally permitted projects that will impact historical sites, particularly those listed on or 
eligible for listing on the National Register of Historic Places.22  Therefore, USFWS must assess 
and determine the potential effects on historic properties that would result from the 
implementation of the MWE and seek ways to avoid, minimize, and mitigate adverse effects. 
Project proponents seeking a take authorization under the MWE must comply with section 106 
regulations of the NHPA.  

1.8.4 Migratory Bird Treaty Act 

The USFWS implements the Migratory Bird Treaty Act (MBTA) of 1918 which implements 
four international treaties for the conservation and management of bird species that may migrate 
through more than one country.23  The MBTA makes it unlawful to pursue, hunt, take, capture, 
kill, attempt to take, capture, or kill any migratory bird, or any part, nest, egg of any such bird 
listed in wildlife protection treaties between the United States, Great Britain, Mexico, Japan, and 
the countries of the former Soviet Union.24  Migratory bird species protected under the MBTA 
are identified in the Code of Federal Regulations (CFR).25  Except under particular 
circumstances (e.g., permitted Native American take), take of even one bird is considered a take 
under the MBTA and is a violation of the law.26  

Neither the MBTA nor its implementing regulations provide for the permitting of “incidental 
take” of migratory birds; however, migratory birds that are federally listed may be covered for 
incidental take by obtaining a special purpose permit under the ESA section 10 process. The 
listed covered bird species will be covered under a MBTA special purpose permit. Measures set 
forth in the MWE to minimize and mitigate impacts on Covered Species will provide a “benefit 
to the migratory bird resource” as required by the MBTA regulations to obtain a Special Purpose 
Permit. The process for MWE compliance with the MBTA is described in the MWE EIS.  

                                                 
21 16 U.S.C. §470 et seq. 
22 16 U.S.C. §470f. 
23 16 U.S.C. §701 et seq. 
24 16 U.S.C. § 703. 
25 50 CFR Part 10, Subpart B § 10.13. 
26 50 CFR § 21.11. 
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1.8.5 Bald and Golden Eagle Protection Act 

The Bald and Golden Eagle Protection Act (BGEPA) of 1940 was established to protect bald and 
golden eagles, their nests, eggs and parts.27  The BGEPA states that no person shall take, 
possess, sell, purchase, barter, offer to sell, purchase or barter, transport, export or import, at any 
time or in any manner any bald eagle or golden eagle (Aquila chrysaetos) alive or dead, or any 
part, nest, or egg thereof without a valid permit to do so.28  Although the bald eagle was removed 
from the Endangered Species List in June 2007, it is still federally protected under the BGEPA 
and the MBTA. USFWS may issue permits to transport, exhibit, collect, or control eagles or 
eagle parts29, and to remove or relocate eagle nests30. USFWS may also authorize take of bald 
eagle and golden eagle where the take is compatible with the preservation of the bald eagle and 
golden eagle, necessary to protect an interest in a particular locality, and is associated with, but 
not the purpose of an activity.31  Unintentional take of bald or golden eagles may also be 
authorized through completion of a HCP that incorporates avoidance, minimization, and 
mitigation measures and monitoring that meet BGEPA permit issuance criteria32. The MWE 
provides coverage for the bald eagle in compliance with the BGEPA issuance criteria. 

1.8.6 Other Federal Laws 

Project proponents seeking take authorization under the MWE will need to comply with all 
applicable federal, state, and local laws. Some of these other federal laws and regulations are 
briefly identified in this section. This summary is not intended to be a complete list and each 
project proponent will be responsible for understanding and complying with any and all legal and 
regulatory requirements.  

The Clean Water Act (CWA) of 1972 regulates and provides permitting mechanisms for 
discharging pollutants into waters of the United States and regulates quality standards for surface 
waters.33  The U.S. Army Corps of Engineers (USACE) and U.S. Environmental Protection 
Agency (USEPA) regulate the discharge of dredged or fill material into waters of the United 
States under section 404 of the CWA.34 The CWA prohibits any discharge of dredged or fill 
material into navigable waters unless the discharge is authorized by a section 404 permit. Under 
section 401 of the CWA, a certification must be obtained from the state or USEPA that water 
quality standards will not be violated by proposed actions.35  CWA section 301 prohibits the 
discharge of pollutants without a permit and section 402 establishes the permit program, 

                                                 
27 16 U.S.C.§ 668. 
28 16 U.S.C. § 668(a). 
29 50 CFR 22.21-22.25. 
30 50 CFR 22.27. 
31 50 CFR 22.26. 
32 50 CFR 22.11. 
33 33 U.S.C. § 1251 et seq. 
34 33 U.S.C. § 1344. 
35 33 U.S.C. § 1341. 
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administered by USEPA or approved state programs, under the National Pollutant Discharge 
Elimination System.36 

The Rivers and Harbors Act of 1899 was originally enacted to regulate obstructions to navigation 
and to prohibit the unpermitted dumping or discharging of any refuse into a navigable water of 
the United States.37  Section 10 of the Rivers and Harbors Act regulates obstructions to 
navigation and requires a permit, issued by the USACE, for the construction of any structure in 
or over navigable waters of the United States, including overhead wires which could be 
associated with wind energy facilities.38 

Other federal environmental laws such as the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) and the Resource Conservation and Recovery Act 
(RCRA) protect the public from hazardous materials.39   

1.8.7 State Laws and Regulations 

State endangered species laws are summarized in this section. While compliance with state law 
is not the purpose of the MWE, such compliance is required, as applicable, for the wind energy 
facilities that are authorized using the MWE. It is anticipated that some species protected under 
state endangered species laws will benefit from the protections provided to MWE Covered 
Species with the implementation of the conservation measures under the MWE. 

1.8.7.1 Illinois 

The Illinois Endangered Species Protection Act (Act)40 makes it unlawful for any person to 
possess, take, transport, sell, offer for sale, give or otherwise dispose of any animal or the 
product thereof of any animal species on the Illinois List of endangered and threatened species. 
The Endangered Species Protection Board determines what species are added to or removed 
from the Illinois List. The Act authorizes the Illinois Department of Natural Resources to issue 
incidental take permits.41 

1.8.7.2 Iowa 

Iowa’s threatened and endangered species law, the Endangered Plants and Wildlife chapter of the 
Code of Iowa, was enacted in 1975.42  The Director of the Iowa Department of Natural 
Resources and its Natural Resource Commission are responsible for the administration of this 
law. The Endangered Plants and Wildlife chapter incorporates the list of threatened and 
endangered species under the federal ESA, and Iowa Department of Natural Resources may also 

                                                 
36 33 U.S.C. § 1311 and § 1342. 
37 33 U.S.C. §§ 401–413. 
38 33 U.S.C. §§ 403. 
39 42 U.S.C. § 9601 et seq and 42 U.S.C. § 6901 et seq. 
40 520 ILCS 10. 
41 520 ILCS 10/5.5. 
42 Chapter 481B of the Code of Iowa. 
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add other, indigenous species in Iowa to the state list. Endangered Plants and Wildlife makes it 
unlawful for any person to take, possess, transport or sell any species appearing on the federal or 
state lists. The Director of Iowa Department of Natural Resources may permit the taking, 
possession, purchase, or sale of state-listed species for scientific or educational purposes or 
permit the capture, removal, or destruction of state-listed species that are causing damage to 
property or pose a danger to human health. 

1.8.7.3 Indiana  

Under Chapter 34 of the Indiana Code, Nongame and Endangered Species Conservation43 a 
person must not take, possess, transport, export, process, ship, or sell any species or subspecies 
of wildlife that is federally listed pursuant to the federal ESA or appearing on the list of Indiana 
indigenous wildlife determined to be threatened or endangered. The Indiana Department of 
Natural Resources is authorized to establish the programs that are considered necessary for 
management of nongame species. Indiana may issue an incidental take permit pursuant to a 
provision specified in its administrative code.44  This provision allows for the take of species or 
subspecies which are also federally listed or federally proposed for listing. 

1.8.7.4 Michigan  

Threatened or endangered species are protected under Part 365 of Michigan's Natural Resources 
and Environmental Policy Act 451. The Michigan Department of Natural Resources is the state 
agency responsible for protecting state-listed species in Michigan. Federally listed species 
automatically receive protection under this state law. There is no incidental take permit available 
in Michigan, but the Director of the Michigan Department of Natural Resources may permit the 
taking of state-listed species for zoological or educational purposes or permit the take of state-
listed species that are causing damage to property or pose a danger to human health. 

1.8.7.5 Minnesota 

Minnesota law requires the Minnesota Commissioner of Natural Resources to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern.45  A permit may be issued for the take of a protected species when  
“. . . the social and economic benefits of the permitted act outweigh the harm caused by it, 
provided that the killing of a specimen for these purposes will be permitted only after all other 
alternatives have been evaluated and rejected.”46  A permit issuance is at the discretion of the 
Commissioner to the Division of Ecological Services and will be issued after the 
Commissioner’s assessment of all relevant information. 

                                                 
43 IC 14-22-34. 
44 312 IAC 9-10-18. 
45 Minnesota Statue 84.0895. 
46 Minnesota Administrative Rule 6212.2100(c). 
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1.8.7.6 Missouri 

The Wildlife Code of Missouri states that “the importation, transportation, sale, purchase, taking 
or possession of any endangered species of wildlife, or hides or other parts thereof…of any 
endangered species of wildlife is prohibited; provided, that this rule shall not apply to legally 
acquired wildlife held under permit…”47  Endangered species of plants, or parts thereof, may not 
be exported, transported or sold. For the purpose of this rule, endangered species are those 
species of fish and wildlife designated by the Department, by rule filed with the secretary of 
state, and those species listed by the United States Department of the Interior, as threatened or 
endangered. There is no incidental take permit in Missouri, but the Department of Conservation 
may permit the taking of state-listed endangered species for scientific, educational or zoological 
purposes; for biological studies for specific projects where the potential results are of sufficient 
public value to justify special collection of wildlife; and in instances where state-listed 
endangered species are causing damage to property.  

1.8.7.7 Ohio  

The mission of the Ohio Department of Natural Resources Division of Wildlife is to conserve 
and improve the fish and wildlife resources and their habitats, and promote their use and 
appreciation by the public. It has legal authority over Ohio’s threatened and endangered fish and 
wildlife, and Ohio law grants authority to the chief of the Division to adopt rules restricting the 
taking or possession of native wildlife threatened with statewide extirpation and to develop and 
periodically update a list of endangered species.48  Ohio does not have an incidental take permit. 

1.8.7.8 Wisconsin 

The Wisconsin state statute protects those endangered and threatened species as determined by 
the Wisconsin Department of Natural Resources. 49  Under this statute, “No person may take, 
transport, possess, or sell within this state any wild animal specified by the department’s 
endangered and threatened species list.”50  The state statute authorizes the Department of Natural 
Resources to issue incidental take permits.51 

1.9 ORGANIZATION OF THE MWE DOCUMENT 

The MWE document includes 10 chapters and 9 appendices. The following provides a brief 
description of the contents of each chapter. 

• Chapter 1, Introduction overviews the background, purpose, and process for developing 
the MWE and describes the geographic scope, duration, and species covered by the plan. 

                                                 
47 3CSR10.4111(1). 
48 Ohio Revised Code 1531.25. 
49 Wisconsin State Statute 29.604. 
50 Wisconsin State Statute 29.604(4)(a). 
51 Wisconsin State Statute 29.604(6m). 
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• Chapter 2, Covered Activities provides a description of the Covered Activities that would 
be included in the authorization. 

• Chapter 3, Affected Environment and Biological Resources provides descriptions of the 
status, distribution, ecological requirements, threats, and environmental baseline 
conditions for each of the Covered Species. 

• Chapter 4, Take Assessment and Impacts of Take provides an estimate of the level of take 
of Covered Species resulting from implementation of the Covered Activities and the 
expected impact of that taking on the Covered Species. 

• Chapter 5, Conservation Plan describes the biological goals and objectives, measures to 
avoid and minimize take, and mitigation measures for each Covered Species. 

• Chapter 6, Alternatives describes alternatives to the proposed taking that were considered 
and reasons for rejection. 

• Chapter 7, Monitoring, Adaptive Management, and Reporting describes compliance and 
effectiveness monitoring requirements, adaptive management requirements, and 
monitoring reporting requirements. 

• Chapter 8, Funding Assurances, Unforeseen and Changed Circumstances, and 
Amendments describes how funding for implementation will be obtained; the approach to 
addressing unforeseen circumstances; changed circumstances and planned responses 
should they occur; the process for amending the MWE; and the process for revocation, 
suspension, surrender, and renewal of take authorizations. 

• Chapter 9, Plan Implementation describes the MWE implementation structure; eligibility 
requirements for participating in the MWE; the process for issuing take authorizations, 
allocating take, and determining mitigation requirements; process for tracking take and 
mitigation; and reporting requirements.  

• Chapter 10, Literature Cited provides a bibliography of all references cited in the MWE. 

The MWE appendices are: 

• Appendix A, Lifecycle of a Wind Energy Facility 

• Appendix B, MWE Wind Development Build-Out Model 

• Appendix C, Resource Equivalency Analysis (REA) Models 

• Appendix D, Avian Fatality Studies in the Western Ecosystems Technology, Inc. (WEST) 
Database 

• Appendix E, Eagle Conservation Plan Guidance 

• Appendix F, Evidence of Absence User Guide and Adaptive Management Triggers 

• Appendix G, Protocols 

• Appendix H, Example Conservation Easement Template 

• Appendix I, Glossary 
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CHAPTER 2. COVERED ACTIVITIES 

2.1 INTRODUCTION 

This chapter describes the wind energy activities that will be covered under the Midwest Wind 
Energy Multi-Species Habitat Conservation Plan (MWE) within the Plan Area and for which 
take authorizations may be issued by the U.S. Fish and Wildlife Service (USFWS) to project 
proponents in compliance with the Endangered Species Act (ESA) (see Section 1.1).1  Covered 
Activities are the activities that could result in take of the Covered Species and for which take 
authorization is requested. Covered Activities include actions necessary to construct; operate, 
maintain, and repair; and decommission and reclaim, and repower utility-scale commercial 
multi-turbine wind energy facilities. Covered Activities also include monitoring activities (see 
Chapters 5 and 7). The Covered Activities could result in take of Covered Species (see 
Chapter 4). The MWE mitigation-related activities described in Chapter 5 are not Covered 
Activities because, as described in Section 4.1, they are not expected to result in take of the 
Covered Species. The MWE identifies measures that project proponents seeking take 
authorization under the MWE must implement to avoid and minimize and mitigate the potential 
take of Covered Species associated with implementation of the Covered Activities (see 
Chapter 5). 

The geographic scope of wind energy covered under the MWE is described in Section 2.2. 
Section 2.3 provides a description of the typical components of wind energy facilities and 
Section 2.4, describes the activities associated with the construction, operations and 
maintenance, decommissioning and reclamation, and repowering of wind energy facilities and 
activities associated with monitoring and management of mitigation lands that are covered under 
the MWE. An overview of the components and stages of typical wind energy facility is presented 
in Appendix A. 

2.2 PLAN AREA WIND ENERGY BUILD-OUT 

This section provides a description of the proposed build-out2 of wind energy facilities within the 
Covered Lands (Figure 1-4) to be covered under the MWE. The proposed build-out includes the 
development of all components of new wind energy facilities necessary to generate to 33,000 
megawatts (MW) of electricity. The actual implemented build-out of new wind energy facilities 
may be less than the maximum anticipated build-out, depending on the number and generation 
capacity of wind energy facilities that are issued take authorizations under the MWE. The 
physical components of this build-out are described in Section 2.3 and the activities included in 
achieving the build-out are described in Section 2.4. 

                                                 
1 The process by which individual incidental take permits will be issued by the USFWS and Certificates of Inclusion granted by 
the Administrative Implementing Entity are described in Section 9.4. 
2 Build-out is defined as the maximum anticipated MW of wind energy development within the Plan Area during the first 15 
years of MWE implementation, including all associated wind energy project components described in Section 2.3. 
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The Companies that participated in the development of the MWE developed an estimate of 
anticipated growth in wind energy capacity within the Covered Lands (Figure 1-4) over the first 
15 years of MWE implementation, the period in which project proponents for new facilities can 
enroll in the MWE (see Section 1.5) and initiate facility construction . Estimates for future 
growth in in the Plan Area were based on historic growth in each state for the most recent years 
of 2010 to 2012. The United States (U.S.) saw unprecedented wind capacity growth between 
2010 and 2012, installing 42 percent of all U.S. wind power capacity in that 3-year period, with 
the largest single installation in U.S. history of 13,000 MW during 2012. During that period, the 
Plan Area saw new wind power capacity installation of 6,800 MW or 2,200 to 2,300 MW per 
year. Third party forecasts as well as analysis of remaining state Renewable Portfolio Standard 
(RPS) requirements for the region suggest future growth of wind capacity will be less than the 
historic rates of 2010–2012. Using the annual average of 2,200 to 2,300 MW of wind capacity 
growth for the Plan Area, however, is considered to be a reasonable baseline because it will help 
ensure there is sufficient coverage for the actual amount of wind energy capacity that may be 
developed over the 15-year MWE enrollment period should it be greater than these forecasts 
suggest.  

Using this approach as a baseline, future wind capacity growth for the Plan Area was then 
distributed among the states in the same fractional proportion as the breakdown of installations 
between 2010 and 2012. These estimates were then reviewed for factors that are known, 
particularly state RPS requirements, and estimates were adjusted to ensure each state saw wind 
capacity build out sufficient to meet state requirements. The future build-out of wind energy, 
however, may vary greatly by state depending on many unknown factors such as load growth or 
load migration, natural gas prices, Environmental Protection Agency (EPA) regulations, future 
state policy choices, utility preferences and other exogenous factors that the wind energy 
industry cannot predict. It is most reasonable to suspect that these unknown factors will have a 
consistent impact across the states in a relative manner in the future, versus assuming a drastic 
change that significantly shifts the market from one state to another. Therefore, assuming a wind 
capacity build-out in the same proportion as recent historic trends is the most likely and 
reasonable scenario that avoids drastic assumptions that have minimal justification. 

Based on results of this evaluation, the Plan Area wind energy build-out covered under the MWE 
is 33,000 MW of new installed rated capacity3 within the Covered Lands. The estimated build-
out by state is presented in Table 2-1, though the actual amount distributed among the states may 
differ during the 15-year MWE enrollment period (see Section 1.5). 

As of March 2015, the Plan Area supported approximately 17,129 MW of installed wind energy. 
An additional 875 MW of the 1,748.4 MW under construction as of March 30, 2015 are 
estimated to be completed by the end of 2015, for a projected total of 18,004 MW of existing 
capacity.4 Existing utility-scale commercial multi-turbine wind facilities may enroll in the MWE 
                                                 
3 “Rated capacity” (also known as “nameplate capacity”) is the manufacturers’ designed maximum output of a generator under 
specific conditions.  
4 Source: AWEA (unpublished). 
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during the first 5 years of MWE implementation if they meet all of the requirements of the MWE 
for existing facilities and implement the required avoidance, minimization, and mitigation 
measures (see Sections 1.4 and 9.4, and Chapter 5). Repowering of existing commercial wind 
energy facilities is also included in this coverage. Implementation of MWE avoidance, 
minimization and mitigation measures at existing facilities is expected to reduce the take of the 
covered bat species from baseline conditions. Operations of these existing facilities are covered 
under MWE.  

Table 2-1. Projected Build-Out of New Wind Energy Facilities (in MW) 

State 
Build-Out 

Estimated MW 2016–2030 (Mean) 
IA 9,765 

IL 4,094 

IN 5,848 

MI 727 

MN 2,030 

MO 971 

OH 7,108 

WI 2,457 

Totals 33,000 
MW = megawatts 

Decommissioning of new facilities and of existing facilities that enroll in the MWE is covered 
during the 45-year term of the MWE.  

The construction of wind turbines, pads, meteorological towers, concrete batch plants, access 
roads, temporary crane paths, borrow and fill areas, power collection systems, communications 
systems, poles, substations, connector lines and staging areas are included in the covered build-
out for new wind energy facilities.  

2.3 FACILITY COMPONENTS 

This section describes the typical components of wind energy facilities. The specific 
relationships among the various components will vary depending on site conditions and the scale 
of individual wind energy facilities. Components in addition to those described below may be 
required on a facility-specific basis, depending on facility-specific requirements (e.g., helipads). 
Over the duration of the MWE, the technologies associated with each component are expected to 
change and any such changes are covered under the MWE to the extent that they comply with all 
applicable requirements of the MWE.  



Covered Activities Chapter 2 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 2-4 

2.3.1 Turbines 

The MWE covers activities associated with the operation of wind turbine generators (WTGs), 
including transportation to the site, construction on site, and their operation, maintenance and 
decommissioning. WTGs are the operational component of wind energy facilities with designs 
and rated generation capacity varying substantially among manufacturers. WTGs typically 
consist of three rotor blades, nacelle, rotor assembly, and either three or four tower pieces 
connected to a concrete foundation. The duration of the MWE is expected to cover considerable 
variation in WTG design due to future technological developments.  

The nacelle contains the main mechanical components of the WTG. It includes the drive train, 
gearbox, lubricants and coolant, and generator that are housed in a protective shell that also 
serves to reduce noise emissions. WTGs are typically equipped with external anemometers and a 
wind vane to provide real-time wind speed and direction information to the electronic controller 
unit that determines operation of the turbine. The housing is designed to provide ventilation 
necessary to cool internal components. Leak detection and containment systems are engineered 
into WTG designs. Each WTG also contains an automatic shutdown safety system in the event of 
excessive vibration, mechanical failures, grid electrical faults or loss of grid power. The nacelle 
is mounted on a bearing on top of the tower that allows it to rotate (“yaw”) into the wind to 
maximize wind capture and energy production.  

Towers typically consist of three or four sections of tubular steel or concrete structures connected 
to a concrete foundation. Towers have access doors and internal lighting, internal ladders and 
lifts to access the nacelle. The height of the tower is typically measured from the ground to the 
hub. Towers are painted off-white in accordance with Federal Aviation Administration (FAA) 
regulations designed to make the structures more visible to aircraft. 

2.3.2 Access Roads and Temporary Crane Paths 

Construction, operation, maintenance and repair of WTG and appurtenant infrastructure require 
access roads to allow vehicle access for operators and construction crews. Access roads are 
existing county and private roads that are maintained and repaired by the project proponent, and 
roads constructed specifically to access WTG and infrastructure facilities. Typically, newly 
constructed access roads are comprised of compacted soil and covered with gravel or other 
aggregate surfaces that are sited to connect WTGs or other facility infrastructure within a wind 
farm. A geogrid or geotextile material or subgrade preparation mix may be used in areas of poor 
subgrade soils as soil reinforcement and to reduce the gravel base thickness requirement. 
Temporary vehicle turnaround areas are typically situated at the end of turbine strings. 

Cranes set the tower segments on the foundation, place the nacelle on top of the tower, and place 
the rotor onto the nacelle. The erection crane(s) move from one WTG site to another along 
access roads or temporary crane paths constructed for this purpose.  
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2.3.3 Electrical Collection, Communication and Distribution 
Systems 

The power collection and communications systems and are used to connect the WTGs to each 
other, to an operations center, substations, and to the power grid. The power collection system is 
typically comprised of underground power lines connecting the turbines and other facility 
components. Overhead power lines may be constructed between the facility electrical substation 
and the interconnection facility; or they could be used to connect one part of the facility to 
another when locating the power collection systems underground is not feasible. Underground 
fiber optic cables may be installed to provide the communication conduit between the wind 
turbines and the substation.  

2.3.4 Substations 

The purpose of collection substations is to step up voltage to a transmission voltage for the grid. 
Substation areas are typically located on a constructed gravel surface and may require grading, 
drainage and fencing. Substation transformers contain coolant and are designed with containment 
systems to minimize the risk of accidental discharge of fluid into the environment. 

In addition to collection substations, interconnection substations (switchyards) may be required 
to connect facilities to the transmission line. Switchyard facilities are typically graveled and 
fenced areas, with a parking area and electrical devices such as circuit breakers and air switches. 
Because switchyards do not change system voltage from one level to another, they do not have 
transformers on site.  

2.3.5 Connector/Interconnection Lines  

Connector lines (also known as gen-tie lines) may be constructed if collection and 
interconnection substations are not co-located to interconnect the facility to the power grid. 
These are typically overhead lines built at the interconnection voltage. Overhead lines typically 
include components such as poles, wires/conductors, and pole-mount transformers. Construction 
and maintenance of new connector lines may require construction of access roads along the 
connector line route where they are not constructed along existing roads.  

2.3.6 Staging Areas 

Staging areas are areas designated during facility construction where vehicles and construction 
equipment/materials are positioned for access and use at a construction site. The size of and 
number of staging areas vary among facilities, depending on the number and type of WTGs 
being installed and topography. 

Staging areas may include temporary construction offices, temporary construction facilities (i.e., 
portable toilet trailer, portable amenities trailer, and mobile concrete batch plant), and 



Covered Activities Chapter 2 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 2-6 

materials/supply storage (i.e., WTG components and fuel for construction equipment). In 
addition, staging areas will be used to park construction vehicles, construction employees’ 
personal vehicles, and other construction equipment. Staging areas may be temporarily fenced to 
provide security. Typically, one staging area is centrally located near the site access point, 
adjacent to access roads and central to the proposed WTG sites to accommodate equipment 
deliveries during construction. Other temporary staging areas may be located next to each turbine 
during construction to assist in tower erection and blade hanging.  

2.3.7 Operations and Maintenance Facilities 

Wind energy facilities are constantly monitored both on-site and off-site at a remote centralized 
location. Operations and maintenance facilities include buildings and associated storage yards to 
house offices for operations personnel, equipment, and materials, and to provide operations staff 
parking. An operations center containing the Supervisory Control and Data Acquisition 
(SCADA) system and office space supports the site manager and technicians at the facility site. 
The SCADA system allows for remote control and monitoring of the individual wind turbines 
located throughout the facility. Larger wind energy facilities may also require construction of 
permanent laydown yards and warehouses to store spare turbine components such as gearboxes, 
generators, and blades.  

2.3.8 Permanent Meteorological Towers 

Generally one or more permanent meteorological towers are installed at each wind energy 
facility site that includes instrumentation that measures the actual wind resource during facility 
operations. Meteorological towers are typically the same height as the WTG hub heights to 
increase the accuracy of extrapolated vertical wind measurements as it relates to operation of 
WTGs. Meteorological towers are sited near the center of the distribution of facility WTGs to 
obtain the most representative wind flow conditions among all facility WTGs, but far enough 
from individual WTGs to avoid effects of rotor turbulence on met sensors. Meteorological 
towers are freestanding guyed or non-guyed tubular or lattice structures that are equipped with 
lightning strike protection and FAA-compliant lighting systems. The construction of un-guyed 
permanent metrological towers is a Covered Activity. The construction of guyed permanent 
metrological towers is not a Covered Activity under the MWE. 

2.4 COVERED ACTIVITIES 

This section describes the activities that will be covered under and implemented over the term of 
the MWE to construct, operate, maintain, decommission, and repower the components of wind 
energy facilities described in Section 2.3 and that could result in take of the Covered Species.5 
Activities associated with the decommissioning and reclamation of wind energy facilities 

                                                 
5 Facility-related activities that are not expected to result in take of the Covered Species, such as administration of wind energy 
development projects, are not described. 
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following their operational life and implementation of mitigation for impacts of the Covered 
Activities on Covered Species are also covered under the MWE and are described below.  

2.4.1 Construction 

This section describes the range of activities that are typically required to construct a wind 
energy facility. The construction of wind energy facilities typically require 1 to 2 years to 
complete. Generally, wind energy facilities are expected to be constructed in a single phase, but 
some facilities may be built out in phases over a period of years depending on market conditions 
or other factors. Because of variability in the size of wind energy facilities and site conditions, 
the magnitude of construction activities can vary substantially among facilities (e.g., number of 
operating construction-related equipment and size of construction crews). Construction 
timeframes, processes, and methods may differ over the term of the MWE from those described 
below with advancements in wind energy technologies. As described in Section 1.5, construction 
of covered wind energy facilities will be initiated only within the first 15 years of the 45-year 
duration of the MWE.  

Wind energy facility construction activities typically include the following. 

• Site grading and earth work, erosion and stormwater control 

• Tree cutting and removal 

• Installation of communications and collection system 

• Construction of access roads and crane pads 

• Construction of concrete batch plants 

• Construction of crane access 

• Improvements to and restoration of public roads in order to gain access to facility site 
for construction 

• Assembly and use of concrete batch plants 

• Construction of turbine pads/foundations 

• Construction of equipment laydown yards and staging areas 

• Construction of equipment assembly area 

• Construction of transmission/interconnection lines 

• Clearing vegetation from rights-of-way 

• Construction of permanent guy wire–free meteorological towers  

• Placement of sodar and lidar units to monitor wind speeds 
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• Transportation, assembly/erection of turbine towers, nacelle, and rotor assemblies 

• Construction of substation and operations and maintenance facilities 

• Turbine commissioning 

• Installation of monitoring equipment (e.g., for noise) 

• Interim site restoration activities 

These activities involve operation of heavy equipment, such as graders, earth movers, drill rigs, 
and bulldozers, and operation of tractor trailers, haul trucks and other construction-related 
vehicles that result in soil disturbance and clearing of vegetation. Following construction, 
temporary work areas (e.g., laydown areas, staging areas, concrete batch plants) will be 
reclaimed (e.g., grading to restore topography and seeding and planting to restore vegetation). 
The use of herbicides to control or remove vegetation is not a Covered Activity under the MWE. 

2.4.2 Operation, Maintenance, and Repair 

Following the wind energy construction phase, WTGs are operated and maintenance of the 
facilities is implemented. WTGs are operated and monitored remotely from an operations center. 
Turbines operate at a fixed or variable rotational speed that generates a rated electrical output for 
each turbine. Rotation speeds that the turbine is rated for is maintained for any given wind speed 
automatically by the turbine. Each turbine has weather instruments that adjust the pitch of the 
blades so that as wind speeds change, the blades stay at a constant rotation per minute (RPM). 
Rotational speed ranges from 14–22 RPM depending on the turbine manufacturer. Modern 
turbines stop turning when winds exceed safe velocities of approximately 25 meters/second. This 
is termed cut-out speed. The turbines do not start turning until the wind reaches a certain speed. 
This is termed cut-in speed. The cut-in and cut-out speeds may differ depending on turbine type 
and change with advances in technology. Turbine blades may be feathered by pitching the blades 
such that they are parallel with the wind direction. When feathered, the ability of turbine blades 
to spin is either precluded or limited to very low rotation rates. Maintenance activities are 
ongoing over the life of the facility, typically in accordance with a routine schedule (e.g., routine 
maintenance of turbines is typically scheduled for twice a year) or in response to findings of 
scheduled inspections of site facilities. Maintenance activities involve operation of vehicles to 
conduct inspections, operation of equipment to maintain and repair of WTGs and other facility 
infrastructure (e.g., transport of cranes to the facility site to repair WTG towers). Maintenance 
activities include turbine maintenance (e.g., replacement of parts and lubricants); mechanical 
management of vegetation to maintain right-of-ways, access roads, drainage, and to reduce 
wildfire risk; repair and replacement of infrastructure (e.g., fencing, culvert crossings, 
substations, administrative buildings; grading, paving, and graveling of access roads); and repair 
and improvements to drainage. Depending on site conditions, major maintenance activities may 
require temporary widening of access roads and establishment of temporary material and 
equipment staging areas. WTG maintenance includes keeping pads free of debris and may 
include physical and chemical control of rodents if burrowing activities are observed near turbine 
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pads. The use of herbicides to control or remove vegetation is not a Covered Activity under 
the MWE.6 

2.4.3 Decommissioning and Reclamation and Repowering 

The operational life of a typical new wind energy facility is currently estimated at about 20–
30 years. As WTGs reach the limits of their technological life span, facility operators may 
choose to decommission facilities followed by site reclamation or to replace WTGs and other 
necessary facility components and continue operations (repowering). Typically, 
decommissioning is completed within 1 year of terminating operations. 

Decommissioning includes the following activities: 

• Dismantling and removal of turbines by removing the turbine rotors, nacelles, and 
towers; 

• Unbolting and removal of pad mount transformers from the foundation; 

• Removal of turbine pads and underground collector systems to a predetermined depth; 

• Removal of connector/interconnector lines and substation(s), though underground cables 
may remain;  

• Removal of other facility-related structures (e.g., fences, signage); 

• Collection and hauling of removed material from the site; and 

• Reclamation of access roads, parking areas, footprints of removed facilities; and 

• Restoration of site conditions (e.g., vegetation cover, topography) of developed areas to 
approximate the pre-development site conditions or to conditions similar to the 
surrounding site conditions. 

Decommissioning and reclamation activities involve the operation of vehicles and heavy 
equipment (e.g., cranes to disassemble WTGs, bulldozers to rip and reclaim roadways, graders to 
re-contour the site to natural conditions, back hoes to remove underground utility lines) and 
operation of tractor trailers and haul trucks to remove salvaged material from the facility site. 
Reclamation activities may include ripping of compacted soils (e.g., access road surfaces, 
footprints of removed structures), removal of graveled and paved surfaces, transport and 
placement of topsoil, site contouring to restore more natural drainage patterns, seeding and 
planting of vegetation, temporary installation and operation of irrigation systems, and herbivory 
control during the establishment period of plantings (e.g., placement of tubes around planted 
saplings to exclude rodents).  

                                                 
6 The use of herbicides is not a Covered Activity because any use of herbicides to control or remove vegetation is regulated by 
the EPA and herbicides may only be applied in accordance with EPA label instructions.  
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Repowering includes the decommissioning activities described above to remove the existing 
WTGs and appurtenant structures. Installation of replacement WTGs involves the same types of 
activities described under Section 2.4.1 and may necessitate increasing the footprint of existing 
tower pads and access roads if necessary to accommodate transport and assembly of the new 
WTGs.  

2.4.4 Monitoring 

All required MWE monitoring-related activities are covered under the MWE, including the 
capture, collection of carcasses and injured individuals, handling, transport, and disposal of 
Covered Species that may be associated with monitoring.7 The collection of carcasses and 
injured individuals of listed species will be covered under the authority of individuals holding a 
ESA section 10(a)(1)(A) permit. The types of monitoring activities that will be implemented 
under the MWE are described in Chapter 7. As described in Section 4.1, implementation of the 
monitoring-related activities is not expected to result in the take of or indirect impacts on the 
Covered Species. 

                                                 
7 Monitoring of MWE mitigation that is satisfied through the acquisition of credits in USFWS-approved mitigation banks or in-
lieu fee programs or implemented under USFWS-approved conservation programs are not covered under the MWE, but are 
covered under USFWS requirements for those entities. 
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CHAPTER 3. AFFECTED ENVIRONMENT AND 
BIOLOGICAL RESOURCES 

3.1 INTRODUCTION 

This section presents the available life history, spatial distribution, habitat requirements, 
reproductive ecology, food habits, and behavioral characteristics information for each of the 
Covered Species. The ecological baseline condition for each Covered Species is summarized. 
This information represents the best scientific and commercial information available at the time 
of the Midwest Wind Energy Multi-Species Habitat Conservation Plan (MWE) development. 
The information presented in this chapter serves the following purposes.  

1. Defines and describes the current ecological baseline for each of the Covered Species 
used to conduct the take assessment (Chapter 4);  

2. Defines the current status and ongoing threats for each species as they relate to the 
development of the MWE biological goals and objectives (Chapter 5);  

3. Provides the ecological justification and scientific foundation for the development of 
MWE avoidance, minimization, and mitigation measures (Chapter 5); and  

4. Defines the existing knowledge base for each of the Covered Species used to develop the 
MWE monitoring and adaptive management programs (Chapter 7). 

Available range-wide and Plan Area–specific information is provided in the following chapter 
sections for each Covered Species. Climate change is an ongoing threat to all Covered Species. 
In addition to climate change, increasing exposure to the disease white-nose syndrome (WNS) is 
a growing threat to the covered bat species. The mechanisms for and the population-level threats 
of climate change and WNS to Covered Species are similar and are described in this introductory 
section. Each of the covered bat species accounts also contains a species-specific discussion of 
the species response to WNS. 

3.1.1 Climate Change 

The National Oceanic and Atmospheric Administration defines climate change as “a non-random 
change in climate that is measured over several decades or longer. The change may be due to 
natural or human-induced causes”.1  

The following summarizes observed and predicted temperature and precipitation trends for the 
Plan Area, as presented in Climate Change Impacts in the United States (U.S. Global Change 
Research Program 2014).  

                                                 
1 http://www.cpc.ncep.noaa.gov/products/outreach/glossary.shtml#C 



Affected Environment and Biological Resources Chapter 3 

Midwest Wind Energy Multi-Species Conservation Plan April 2016 
Public Review Draft Page 3-2 

The average temperature in the United States (U.S.) has increased by 1.3 to 1.9 degrees 
Fahrenheit (°F) since 1895. In the Plan Area, annual average temperatures for 1991-2012 
compared to 1901-1960 have increased from 0.0 to 0.5 °F across the south central portion of the 
region to greater than 1.5°F across the northern Midwest. The amount of future warming will 
depend on changes in atmospheric concentrations of greenhouse gases. Model projections 
(CMIP5) for the later part of this century (2071-2099) relative to a 1970-1999 base period show 
that annual average temperature increases in the Midwest will range from a low of 3oF for a 
scenario that assumes substantial emission reductions by 2050 and continuing to 2100 
(Representative Concentration Pathways [RCP] 2.6) to a high of 9 to 10oF for a scenario that 
assumes continued increases in emissions (RCP 8.5). Similar to recent temperature trends, the 
amount of future warming will increase in the Midwest when moving from south to north. 

Recent trends in precipitation for the Midwest show that for the 1991-2012 period, annual 
average totals ranged from a low of -5 to 0 percent for the upper Wisconsin/Michigan region to a 
high of greater that 15 percent for parts of Iowa and Minnesota compared to the 1970-1999 base 
period. Predictions of seasonal precipitation changes for the 2071-2099 period compared to the 
1970-1999 base period include the following for the low and high RCP scenarios: 

1. For scenario RCP 2.6, (a) 0 to 8 percent for winter, (b) 0 to 10 percent for spring, (c) no 
change for summer, and (d) 0 to 3 percent for fall. 

2. For scenario RCP 8.5, (a) 10 to 28 percent for winter, (b) 10 to 22 percent for spring, (c) -
9 to 0 percent for summer, and (d) 0 to 10 percent for fall. 

Climate change will result in effects on the ecological conditions that support Covered Species 
and that are expected to have population-level effects on the Covered Species. 

3.1.1.1 Effects of Climate Change on Covered Bat Species 

The effects of climate change on covered bat species populations are unknown. However, several 
aspects of bat life history may be affected by changes in climate, including access to food and 
water, rate of energy expenditure, reproduction and development, timing and location of 
hibernation, and duration of torpor2 (Sherwin et al. 2012). A high degree of uncertainty is 
inherent in predictions of species responses based on complex ecosystem processes (Bertreaux et 
al. 2006). On a broad scale, it is expected that climate change will affect temperate insectivorous 
bats, primarily by potentially shifting geographic range and by altering the phenology of plant 
and insect cycles, leading to shifts in reproductive timing and success (Rodenhouse et al. 2009). 
For example, warmer winters are predicted to shift the range of hibernating bat species 
northward, assuming appropriate cave structures are present, as the thermal effects on 
hibernation energetics become relaxed (Humphries et al. 2002).  

                                                 
2 Torpor is a state of decreased physiological activity in an animal, usually by a reduced body temperature and 
metabolic rate. Torpor enables animals to survive periods of reduced food availability. 
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At the population level, temperature changes have the potential to affect covered bat species in 
various ways. Temperature directly affects energy consumption in bats during hibernation 
(Speakman and Thomas 2003). For example, little brown bats (Myotis lucifugus) require low 
stable temperatures that allow them to use minimal fat reserves and survive a hibernation of 
6 months or more (Humphries et al. 2002), during which time prey is unavailable to replenish 
energy supplies. Although caves are buffered against changes in ambient temperatures, large, 
permanent changes in climate will change cave climates and render existing cave roosts less 
suitable or unsuitable for bats and could render currently unsuitable caves suitable for roosting. 
During the summer, bats depend on warm temperatures to promote rapid growth in young which 
must be able to survive on their own just a few months after being born (Davis and Hitchcock 
1965; Fenton 1970; Humphrey and Cope 1977). Loeb and Winters (2013) modeled the effects of 
climate change on the Indiana bat and predicted that due to warming temperatures that the 
Indiana bat’s main maternity areas would shift from the Midwest into the northeast and 
Appalachian mountains and potentially even into areas that currently have no maternity records. 
The other Myotis species could potentially be impacted in a similar manor and have shifting 
maternity use patterns. 

Climate change will affect the timing and abundance of insect prey, which may affect bat 
foraging rates, energy balances and survival (Parmesan 2006). Results from a 16-year mark-
recapture study in New Hampshire indicated that the survival of adult female little brown bats 
was highest in years with high cumulative summer precipitation and high insect availability from 
April to October (Frick et al. 2010a). Additionally, young born earlier in the season had a higher 
chance of surviving than later-born young.  

Temperature changes may indirectly change reproductive activity at maternity roosts by 
decreasing the availability of water. For example, Adams (2010) conducted a post hoc 
comparison of bat capture rates from 1996 to 2008 to ambient weather variables in northern 
Colorado foothills habitat for six bat species. A higher proportion of females captured were non-
reproductive during hotter and drier conditions. Adams and Hayes (2008) attached passive 
integrative transponder (PIT) tags to 24 female fringed myotis (Myotis thysanodes) and recorded 
their visits to an artificial water source. Lactating females visited water 13 times more than 
nonlactating females. 

3.1.1.2 Effects of Climate Change on Covered Bird Species 

The magnitude of threats posed to covered bird species by climate change is unknown. However, 
potential impacts include shifting distribution patterns of bird species, timing of biological 
activities and processes, and health of populations.  

Climate change may affect both the nesting and wintering habitats of Kirtland’s warbler. 
Continued increases in temperature and evaporation will likely reduce the acreage of the jack 
pine forest on which Kirtland’s warbler depend (NAST 2000), as well as increase the 
susceptibility of forests to pests and disease (Bentz et al. 2010; Cudmore et al. 2010; Man 2010; 
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Safranyik et al. 2010). However, warmer weather and increased levels of carbon dioxide may 
lead to greater tree growth on marginal forestlands that are currently temperature limited and 
result in conditions conducive to forest fires, which favor jack pine propagation and potentially 
Kirtland’s warbler habitat (NAST 2000). Different greenhouse gas emissions scenarios suggest a 
range of possible Kirtland’s warbler distribution changes, including a reduction of suitable 
habitat in Michigan and an expansion of suitable habitat in Wisconsin and Minnesota (Prasad 
et al. 2007).  

Kirtland’s warbler wintering habitat in the Bahamas may be threatened by sea level rise caused 
by climate change, as 80 percent of that country’s land surface is less than 1 meter above sea 
level and rising seas caused by melting glaciers have been implicated in past declines of 
Kirtland’s warbler (Amadon 1953; Mayfield 1992). Given evidence of lower-than-expected 
returns to breeding grounds after dry winters in the Bahamas between 1972 and 1980 
(Ryel 1981), current and projected drying trends in the Bahamas and the Caribbean as a whole 
(Neelin et al. 2006; Martin and Weech 2001) are cause for concern. Temperature and 
precipitation changes in nesting and wintering habitat may also cause Kirtland’s warblers to 
arrive on their breeding grounds later after drier winters in the Bahamas while simultaneously 
contending with warming trends in their breeding range that pressure them to arrive earlier in the 
spring, resulting in potentially reduced reproductive success (Rockwell unpublished data cited in 
USFWS 2012d). Delays in the spring migration of the closely related American redstart 
(Setophaga ruticilla) have been directly linked to variation in rainfall and prey biomass (Studds 
and Marra 2007, 2011) and have resulted in fewer offspring (Reudinck et al. 2009).  

Both interior least tern and piping plover rely on barren and sparsely vegetated sandbars along 
rivers, sand and gravel pits, and Great Lakes and reservoir shorelines for nesting habitat within 
the Plan Area. Possible reductions in lake levels due to climate change may increase available 
shoreline habitat over the short-term, but a longer growing season over the long-term and loss of 
ice scour may facilitate vegetation growth, thereby decreasing available nesting habitat (USFWS 
2009b). Current threats to sandbar nesting habitat may be exacerbated by predicted increases in 
droughts and flood events. The precipitation regime in the Midwest is expected to experience 
more extremes: more frequent large rainfall events and more frequent long stretches with little or 
no precipitation. This will increase human demands on water resources that are degrading 
sandbar habitat. In addition to human water use impacts, the direct effects of floods and droughts 
may also decrease nesting success.  

Low elevations and proximity to the coast make all nonbreeding coastal piping plover foraging 
and roosting habitat and all interior least tern roosting habitat vulnerable to sea level rise. 
Modeling for three different sea level rise scenarios at five important U.S. shorebird staging and 
wintering sites predicted 20–70 percent losses of current intertidal foraging habitat (Galbraith et 
al. 2002). Titus and Richman (2001) showed that more than 80 percent of the lowest land along 
the Atlantic and Gulf coasts was in Louisiana, Florida, Texas, and North Carolina, where about 
74 percent of all wintering piping plovers were tallied during the 2006 International Piping 
Plover Census (Elliott-Smith et al. 2009). In addition, recent climate change studies indicate a 
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trend toward increasing hurricane numbers and intensity (Emanuel 2005; Webster et al. 2005), 
which could lead to longer inundation periods of wintering habitat or loss of suitable habitat 
altogether. While storm processes are necessary for the formation of much piping plover and 
least tern nesting and wintering habitat, a greater frequency of more intense storms may 
negatively affect populations if losses in one area are not offset by gains in another. 

3.1.2 White-Nose Syndrome (WNS) 

WNS is the most severe threat facing covered bat species populations in the Plan Area and 
throughout their ranges (https://www.whitenosesyndrome.org/about/bats-affected-wns). The 
disease infects hibernating bats and is caused by a fungal pathogen (Pseudogymnoascus 
destructans previously Geomyces destructans) (Blehert et al. 2009; Minnis and Lindner 2013). 
The fungal pathogen (Pd) is hypothesized to increase the frequency and duration of arousal bouts 
in hibernating bats and cause the premature expenditure of energy stores. Eventually this can 
cause direct fatality or lead to a reduction in survivorship and reproductive fitness.  

WNS was first discovered during the winter of 2006 in four caves in New York.; it has since 
spread rapidly across the eastern U.S. and Canada and the fungus that causes WNS has been 
detected as far south as Mississippi. At the end of the 2014-2015 hibernating season, bats with 
WNS were confirmed in 26 states and five Canadian provinces and the fungus that causes WNS 
had been confirmed in four additional states. WNS has now been confirmed in bats in all states 
within the Plan Area.  

WNS has had devastating effects on cave bats in the northeast U.S. and Canada; to date the 
disease is estimated to have killed more than 5.5 million bats in this area (USFWS 2015a). WNS 
has caused fatalities in at least six species of cave bats including the Indiana bat, little brown bat, 
northern long-eared bat, eastern small-footed bat (M. leibii), big brown bat (Eptesicus fuscus), 
and the tri-colored bat (Perimyotis subflavus), and its presence has been confirmed in six 
additional species, the southeastern bat (M. austroriparius), gray bat (M. grisescens), eastern red 
bat (Lasiurus borealis), silver-haired bat (Lasionycteris noctivagans), Rafinesque's big-eared bat 
(Corynorhinus rafinesquii), and Virginia big-eared bat (Corynorhinus townsendii virginianus).3 
At 42 monitored hibernacula in New York, Pennsylvania, and Vermont, Indiana bat populations 
have decreased by nearly 40,000 bats (72 percent) since the introduction of P. destructans in 
2006 (Turner et al. 2011). Similarly, northern long-eared bats decreased by 98 percent and little 
brown bats decreased by 91 percent (Turner et al. 2001). In addition to observed fatalities at 
hibernacula, WNS has also been linked to decreased bat abundance in summer habitat (Brooks 
2010; Dzal et al. 2010). 

Frick et al. (2010a) hypothesized that the regional extinction of the once common little brown bat 
due to WNS would occur in New England within a few decades. There has been some small 
evidence of survivorship in areas hit by WNS, but this is only in a few individuals compared to 

                                                 
3 Source: https://www.whitenosesyndrome.org/about/bats-affected-wns (accessed on November 16, 2015). 
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whole populations (Reichard et al. 2014). Because of the severity of the disease in other 
geographic locations, its rapid spread, and the lack of effective management tools to reduce the 
virulence of the disease (USFWS 2011a), the effects of WNS on the covered bat species and 
other bat species are expected to be substantial, if not catastrophic. The major WNS-related die-
off of cave-hibernating bats in the northeastern U.S. has already occurred. While WNS and Pd 
have now been confirmed in all states in the Plan Area, WNS has not caused mortality 
throughout the Plan Area to the extent that it has been observed in the northeastern U.S. 
However, mortality similar to that observed at individual hibernacula in the northeastern U.S. has 
been documented in Ohio, Illinois, Indiana, and Missouri. Based on the progression of WNS in 
the northeastern U.S., it is believed that the effects of WNS on bat populations in the Plan Area, 
has yet to run its course.  

3.2 INDIANA BAT 
3.2.1 Species Description 

The Indiana bat is a small (6 to 11 grams) insectivorous bat in the genus Myotis. It closely 
resembles other bats in the genus, particularly the little brown bat, but on average tends to have 
smaller feet (7 to 10 millimeters) and can be distinguished by its overall grayish-brown 
coloration, short and inconspicuous toe hairs, and keeled calcar.4  

3.2.2 Species Status  
3.2.2.1 Listing Status  

The Indiana bat was originally listed as an endangered species in 1967 under the Endangered 
Species Preservation Act and is currently listed as endangered under the Endangered Species Act 
(ESA) of 1973. The Indiana bat is also listed as an endangered species in 22 states (USFWS 
2009c), including all states within the Plan Area. The most recent U.S. Fish and Wildlife Service 
(USFWS) status review assigned a recovery priority number of 8 to the Indiana bat, indicating a 
moderate degree of threat and a high potential for recovery (USFWS 2009c). Critical habitat for 
the Indiana bat was designated in 1976 and includes 13 major hibernacula (11 caves and two 
mines) in six states. Critical habitat includes Blackball Mine (LaSalle County, Illinois), Big 
Wyandotte Cave (Crawford County, Indiana), Ray’s Cave (Greene County, Indiana), Bat Cave 
(Carter County, Kentucky), Coach Cave (Edmonson County, Kentucky), Cave 021 (Crawford 
County, Missouri), Caves 009 and 017 (Franklin County, Missouri), Pilot Knob Mine (Iron 
County, Missouri), Bat Cave (Shannon County, Missouri), Cave 029 (Washington County, 
Missouri), White Oak Blowhole Cave (Blount County, Tennessee), and Hellhole Cave 
(Pendleton County, West Virginia). 

The main historical reasons for listing the Indiana bat were decreasing population size and 
inadequate protection of significant hibernacula (USFWS 1983a). While important hibernacula 
                                                 
4 The calcar is a cartilaginous spur attached to a bat’s inner ankle that helps to spread the membrane between its hind 
legs and tail (interfemoral membrane). 
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have since been protected with bat gates, the current population size of the species (estimated at 
552,470 bats) (USFWS 2012a, 2013a) is about half of its estimated size at the time of listing 
(estimated at 880,000 bats) (USFWS 1983a). The main causes of initial or historical population 
declines were thought to be human disturbance during hibernation, vandalism and 
commercialization of hibernacula, indiscriminate scientific collecting and banding, and poorly 
designed cave gates. Declines were also attributed to the loss and/or degradation of summer 
habitat, migration habitat, and swarming habitat (USFWS 2007b). Current causes for decline are 
now thought to be more dominated by the spread of the disease WNS. 

3.2.2.2 Range and Population Status 

The range of the Indiana bat includes parts of the Eastern and Midwestern U.S. and extends from 
western Oklahoma to southern Iowa to northern New York to northern Georgia (USFWS 2007b). 
The Indiana bat has been reported in all of the Plan Area states except Minnesota and Wisconsin 
(Figure 3-1). The annual lifecycle of the Indiana bat is similar to most other species of 
insectivorous bats in North America. The majority of the population overwinters in caves and 
mines in Indiana, Kentucky, Missouri, and Illinois but there are significant hibernacula in several 
other states (USFWS 2007b, 2012a, 2015b).  

The range-wide population size was estimated to be 880,000 bats in 1967 (Clawson 2002) and 
decreased to approximately 550,000 bats by 1983 (USFWS 1983a). In 2012, a previously 
unknown Priority 1 bat hibernaculum was discovered in Missouri, containing approximately 
123,000 Indiana bats (USFWS 2013a). USFWS decided to add the 2012 population estimate 
from the new hibernaculum to previous population estimates dating back to 1981 (based on first-
hand accounts), to avoid an artificial spike in population trend. This resulted in an updated 
population estimate for 1983 of 673,000 Indiana bats (USFWS 1983a, 2013a). From 1983, the 
population continued to decline until 2001 when the range-wide estimate reached a low of 
453,000 bats. From 2001 to 2011, the total Indiana bat population grew by approximately 
150,000 bats and was estimated to be 602,223 bats in 2011 (USFWS 2012a, 2015b). Most of the 
population increases occurred in hibernacula in Kentucky, Indiana, Illinois, New York and West 
Virginia, while cave populations decreased precipitously in other states, such as Missouri. While 
the range-wide Indiana bat population increased slightly from 2009 to 2011, there were drastic 
population declines in states affected by WNS, including New York, New Jersey, Pennsylvania, 
and Vermont (USFWS 2012a). The number of hibernating bats counted at 42 caves across 
New York, Pennsylvania, Vermont, Virginia, and West Virginia has declined 72 percent from 
pre-WNS counts (Turner et al. 2011). Despite positive signs of population recovery, designated 
reclassification and delisting criteria have not been met and WNS has become a threat to the 
species (USFWS 2009c). The range-wide population estimate for 2015 is 523,636 Indiana bats 
(USFWS 2015b). 
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Figure 3-1. The Range of Indiana Bat in and Adjacent to the Plan Area 
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In the Plan Area, recent surveys indicate that an estimated 432,297 Indiana bats overwinter in 
Indiana, Missouri, Illinois, Ohio and Michigan, though Michigan harbors only approximately 20 
individuals (USFWS 2012a, 2015b).Hence, these five Midwestern states harbor approximately 
82.6 percent of the total 2015 estimated rangewide winter population. Of these, Indiana has the 
largest population with an estimated 185,720Indiana bats or approximately 35.5 percent of all 
known Indiana bats (USFWS 2015b). Between 2001 and 2015, population estimates for the Plan 
Area have ranged from a low of 346,624 in 2001 to a high of 482,845 in 2007.  

Substantial effort has been made in the past few decades to protect hibernacula and promote 
species recovery. Indiana bat population size has increased by approximately 150,000 bats since 
2001. Currently, 11 of 24 (46 percent) Priority (P) 1 hibernacula5 and 17 of 54 (32 percent) P2 
hibernacula6 are protected. While these levels of protection do not meet the recovery objective 
for protection of hibernacula, (USFWS 2007b, 2009c), they are substantial improvements over 
past conditions. Human disturbance and several other factors still pose range-wide threats to the 
Indiana bat. 

3.2.2.2.1 Winter Range 

Historically, the winter range of the Indiana bat was limited to the limestone karst areas of the 
Midwest and eastern U.S. (Figure 3-2) with abundant and extensive cavern systems. However, 
the winter range now includes areas, where bats hibernate in abandoned mines, especially in 
Illinois, Ohio, and Missouri. As of 2007, there were 282 documented hibernacula in 19 states 
(partially shown in Figure 3-2). A high proportion of the wintering population is found in 
relatively few hibernacula. In 2007, 81.0 percent of the total population (478,139 bats) was found 
overwintering in only seven hibernacula or hibernacula complexes including Magazine Mine in 
Illinois, Ray’s Cave, Wyandotte Cave Complex, Coon/Grotto Cave Complex in Indiana, Carter 
Caves Complex in Kentucky, the Ulster County Complex in New York, and an undisclosed 
location in Missouri. Since 2006, Indiana bat populations in the northeastern U.S. have suffered 
declines associated with WNS. Wintering populations in the Northeast Recovery Unit have 
decreased by approximately 42 percent (32,470 bats) since 2007 (USFWS 2012a). Hibernacula 
in Pennsylvania, New York, New Jersey, and Vermont have experienced extensive mortality due 
to WNS. To date, WNS has been documented in nearly every major Indiana bat hibernacula of 
the Midwest. Between 2013-2015, Indiana bat populations in Indiana hibernacula declined by 18 
percent and in Ohio declined by 48.1 percent It is likely that once WNS is established over a 
larger portion of the Midwest, WNS-related mortality rates at Midwest hibernacula will be 
similar to those seen in the Northeast. 

                                                 
5 Priority 1 hibernacula are essential to the recovery and long-term conservation of the Indiana bat. These sites have 
a current or historically observed winter population of greater than or equal to 10,000 individuals (USFWS 2007b).  
6 Priority 2 hibernacula contribute to the recovery and long-term conservation of the Indiana bat. These sites have a 
current or historical population of greater than 1,000 but less than 10,000 individuals (USFWS 2007b). 
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Figure 3-2. Winter Range of Indiana Bat by County in and Adjacent to the Plan Area7 

                                                 
7 Indiana bats may occur during winter in counties for which there are not occurrence records. Although outside of 
the Indian bat range shown in Figure 3-1, the Wisconsin county (Grant) occurrence is a historical record and Indiana 
bat is no longer known to occur in the county. 
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3.2.2.2.2 Summer Range 

Females migrate to suitable summer maternity habitat in the spring. During the summer, females 
form maternity colonies and reproduce and then migrate back to hibernacula in the fall. Indiana 
bats mate during the fall swarming period and then enter hibernation. The summer range of the 
Indiana bat encompasses suitable deciduous forest habitat within migration distance of winter 
hibernacula. As of 2007, there were 269 documented maternity colonies in 16 states (USFWS 
2007b) (Figure 3-3); an unknown number of additional colonies have been identified since the 
publication of the Recovery Plan. The USFWS (2009c) estimated that there are 2,925 to 4,680 
maternity colonies throughout the summer range, but, only 6 to 9 percent of maternity colonies 
have been documented. The highest density of known Indiana bat maternity colonies occur in the 
glaciated regions of the upper Midwest, including southern Iowa, northern Missouri, Illinois, 
southern Michigan, and western Ohio, and in Kentucky and New York (USFWS 2009c). Over 
90 percent of documented maternity colonies (243 of 269) occur in these regions. Maternity 
colonies have also been found in Arkansas, Maryland, New Jersey, North Carolina, 
Pennsylvania, Tennessee, Vermont, Virginia, and West Virginia (USFWS 2007b). Maternity 
colonies are less abundant in unglaciated regions such as the Ozark and Appalachian Mountains. 
The largest and most persistent maternity colonies are typically found in deciduous forest 
associated with moist soils such as riparian forest, floodplains, bottomlands, and woody wetlands 
(Carter 2006). 

3.2.3 Life History and Habitat Requirements 

3.2.3.1 Life History 

The life history, or annual chronology, of an Indiana bat is composed of several phases: 
(1) hibernation, (2) spring migration, (3) summer maternity period, (4) fall migration, and (5) fall 
swarming (Figure 3-4). Indiana bats hibernate in caves (hibernacula) during the winter, from 
October through April (Hall 1962; LaVal and LaVal 1980). Hibernating Indiana bats usually 
form large, dense clusters on cave ceilings (Clawson et al. 1980; LaVal and LaVal 1980; Hicks 
and Novak 2002; Brack et al. 2005). Female Indiana bats are the first to emerge from winter 
hibernacula with peak emergence in Indiana and Kentucky occurring in mid-April (Cope and 
Humphrey 1977). Males emerge from hibernation later than females with peak emergence 
occurring in early May (Cope and Humphrey 1977; LaVal and LaVal 1980).  

Female Indiana bats migrate to summer maternity habitat shortly after emergence from 
hibernation. The spring migration period for Indiana bats lasts from early April until mid-May 
(USFWS 2007b). Females will often migrate short distances (less than or equal to 50 miles) 
between hibernacula and summer habitat (Sanders et al. 2001; Hicks 2004). However, the 
Indiana bat is considered to be a regional migrant (Fleming and Eby 2003) and individuals have 
been documented to migrate as far as 575 kilometers (357 miles) and up to 97 kilometers (60 
miles) in a single night (Gardner and Cook 2002; Butchkoski and Turner 2006; Winhold and  
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Figure 3-3. Summer Range of Indiana Bat by County in and Adjacent to the Plan 

Area and Forests in the Plan Area  
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Figure 3-4. Indiana Bat Life Cycle  

 
Kurta 2006; USFWS 2007b; Butchkoski et al. 2008). Males and non-reproductive females often 
stay near hibernacula during the summer, but may also migrate longer distances to summer 
habitat like reproductive females (Hobson and Holland 1995; Rommé et al. 2002; Kurta and Rice 
2002; Whitaker and Brack 2002). Although little is known about the migratory pathways of 
Indiana bats (USFWS 2007b), in the Eastern U.S., where forest cover is abundant and 
widespread, Indiana bat spring migration seems to consist of more or less straight paths from 
hibernacula to summer grounds (e.g., Hicks 2004, Butchkoski et al. 2008). Only one 
investigation has documented spring migration in the Midwest. Hicks et al. (2012) tracked 
female Indiana bats emerging from the Blackball Mine in LaSalle County, Illinois. Most of the 
tracked bats seemed to rely on the Illinois River and its tributaries and associated treed areas for 
migration. No bats were tracked crossing large expanses of treeless land (i.e., agricultural fields), 
nor were any found roosting in areas that would have required them to have crossed such 
expanses. All bats tracked to day roosts were found to be using treed areas associated with the 
Illinois River. (Hicks et al. 2012). 

Female Indiana bats arrive at summer habitat from mid-April to early May (Gardner et al. 1991; 
Britzke 2003; Hicks 2004). Once they reach summer habitat, females form maternity colonies 
and give birth to a single pup per year. Maternity colony roosts are typically found under 
exfoliating bark in large, exposed snags (dead trees) and trees, and usually contain 25 to 100 bats 
(Whitaker and Brack 2002). Large colonies can exceed 100 adult female bats (USFWS 2006), 
along with their young. Maternity colonies have been found in over 33 tree species, most 
commonly ash (Fraxinus spp.), elm (Ulmus spp.), hickory (Carya spp.), maple (Acer spp.), 
cottonwood (Populus spp.), and oak (Quercus spp.) (Gardner et al. 1991; Callahan 1993; 
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Kurta et al. 1993, 2002; Carter 2003; Kurta 2004; Britzke et al. 2006; USFWS 2007b; Timpone 
et al. 2010). 

Pups are born in late spring or early summer and are volant (i.e., capable of independent flight) 
after approximately three to four weeks (USFWS 2007b). Between birth and volancy, pups 
remain in the maternity roosts and are nursed by their mothers. Once able to fly, pups begin 
accompanying adults during evening foraging bouts and learn to forage in flight.  

Maternity colonies begin to break up in late July to early August as adult female and juvenile 
Indiana bats begin to migrate back to winter hibernacula. In the Midwest, the fall migration 
period typically lasts from early August until mid-October and peaks in September and early 
October (Cope and Humphrey 1977; Hawkins and Brack 2004; Hawkins et al. 2005; 
USFWS 2007b). To date no data exist regarding the routes Indiana bats utilize for migration 
during the fall in the Midwest. More research has been completed on spring migration ecology of 
Indiana bats. Hicks et al. (2012) followed Indiana bats migrating during the spring from the 
Blackball Mine Complex in Illinois. Twenty-four female Indiana bats were tracked and found to 
follow the Illinois River and associated tributaries to summer maternity sites; all bats appeared to 
follow wooded riparian corridors, and no bats were found crossing large, open agricultural areas.  

When the bats reach a hibernaculum, they exhibit swarming behavior, in which they fly in and 
out of cave entrances for the entire night and during which mating occurs (Cope and Humphrey 
1977). During this time, bats must build up sufficient fat reserves to last through the winter. 
Likely due to resource competition, day roosts during the swarming period are generally not 
found near fall swarming locations. Rather, bats will go to other areas to roost and forage and 
then return to the swarming areas for reproductive purposes. (Brack 2006; USFWS 2007b). 
Indiana bats also may visit multiple hibernacula to reproduce (USFWS 2007b).  

3.2.3.2 Demographics 

Fecundity of female Indiana bats is one young per year (Mumford and Calvert 1960; Easterla 
and Watkins 1969; Humphrey et al. 1977; Thomson 1982; Kurta and Rice 2002). The sex ratio at 
birth is approximately 1:1 (Hall 1962; Myers 1964; LaVal and LaVal 1980). Female Indiana bats 
may reach reproductive maturity in their first year (Guthrie 1933), but some individuals may not 
reproduce until their second or third years (Butchkoski and Turner 2006). The proportion of 
females that produce young in a year is generally high but variable. Humphrey et al. (1977) 
found that 82 to 92 percent of female Indiana bats produced young in a colony in eastern Indiana 
(Humphrey et al. 1977). Similarly, Kurta and Rice (2002) found that 89 percent of female 
Indiana bats caught in Michigan were reproductively active (Kurta and Rice 2002). 

Only a few studies have examined demographic rates in Indiana bats (Humphrey and Cope 1977; 
Humphrey et al. 1977; Boyles et al. 2007). Humphrey et al. (1977) estimated a neonatal 
mortality rate of 8 percent based on data from one maternity colony for one season. Two studies 
examined Indiana bat survival rates over multiple age classes (Humphrey and Cope 1977; Boyles 
et al. 2007). Both studies relied upon the same set of data from unknown-age bats banded at 
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hibernacula over a 23-year period. Humphrey and Cope (1977) found that the lowest survival 
rates occurred in the first year after banding. O’Shea et al. (2004) summarized survival rates for a 
number of bat species, including several Myotis. Most studies indicated that first-year survival 
was generally the lowest and that adult survival is higher. Humphrey and Cope (1977) proposed 
that the adult lifespan of an Indiana bat is characterized by two survival phases, a period of high 
and relatively constant survival rates from years one to six after banding (76 percent for females 
and 70 percent for males), and a period of lower, but constant, survival rates from 7 to 10 years 
after banding (66 percent for females and 36 percent for males). Survival rates were very low for 
individuals greater than 10 years after banding. However, individuals have been captured up to 
20 years after banding (LaVal and LaVal 1980). Boyles et al. (2007) re-analyzed the data and 
found that survival rates were lower in year one and higher in year two than Humphrey and Cope 
(1977). Survival rates after year two were similar those found by Humphrey and Cope (1977). 

3.2.3.3 Hibernation Habitat 

Indiana bats typically hibernate between October and April and the majority of hibernacula are 
located in karst areas of the east-central United States. Abandoned mines, especially in Illinois, 
Ohio, and Missouri are also important winter habitat for the Indiana. Caves with the highest 
Indiana bat populations are typically large complex systems that allow air flow and buffer 
changes in ambient temperature (Brack 2004). In the southern portion of the Indiana bat’s range, 
these complexes often have large rooms or vertical passages below the lowest entrance that allow 
entrapment of cold air and provide optimal temperature for hibernation (Tuttle and Kennedy 
2002). Hibernating Indiana bats prefer roost temperatures between 3 degrees Celsius (°C) and 
10°C (37°F to 50°F) and roosts with a stable thermal profile to buffer ambient temperature 
extremes outside the cave (Humphrey 1978; Thomson 1982; Johnson et al. 2002; Tuttle and 
Kennedy 2002; Brack et al. 2005a; USFWS 2007b). Populations hibernating in major 
hibernacula at temperatures below 3°C (37°F) or above 7.2°C (45°F) were unstable or declining 
(Tuttle and Kennedy 2002 in USFWS 2007b). Frequency of arousals, which cause the majority 
of winter fat depletion (e.g., energy reserves), may be strongly affected by the need for water, 
making humidity an important factor in the winter energy budget of Indiana bats (USFWS 
2007b). Temperature may also have an influence on arousal frequency in winter, but studies of 
this relationship are lacking; one such study indicated that arousal was not common from late 
January to mid-March in a large hibernaculum where temperatures ranged from -1.1°C to 3.3°C 
(30°F to 38°F; Hicks and Novak 2002 in USFWS 2007b). In extreme conditions, such as 
prolonged sub-zero temperatures, fatality may occur (Elliot and Clawson 1999; Tuttle and 
Kennedy 2002). Thus, both roost temperature and thermal stability are critical to hibernating bats 
(Tuttle and Kennedy 2002; USFWS 2007b). Several studies indicate that a combination of 
hibernacula characteristics support stable or growing populations of hibernating Indiana bats 
(Elliot and Clawson 1999; Currie 2002; Johnson et al. 2002; Tuttle and Kennedy 2002). Those 
characteristics include suitable microclimate (both optimal roosting temperatures and thermal 
stability), protection from human disturbance, and the lack of environmental disturbance (e.g., 
flooding or collapse). 
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3.2.3.4 Maternity Roosts and Summer Habitat 

In the summer, female Indiana bat maternity colonies are formed under the exfoliating bark of 
large-diameter tree and snags (more than 39 centimeters [15 inches] diameter at breast height 
[DBH]) (Britzke 2003; USFWS 2007b; Carter 2006; Timpone et al. 2010). Large contiguous 
patches of mature forest provide summer roosting habitat for female, male, and juvenile Indiana 
bats. Forested habitat surrounding hibernacula serves as foraging and roosting habitat for male 
and female Indiana bats during fall swarming. In addition, it is important summer roosting and 
foraging habitat for male Indiana bats (Gumbert et al. 2002; Whitaker and Gummer 2001; 
Whitaker and Brack 2002; Whitaker et al. 2003). Female Indiana bats are philopatric to their 
summer maternity areas, returning to the same area year after year and in some cases even using 
some of the same roosts during a maternity season as previous years (Kurta and Murray 2002). 

Maternity roosts usually have significant solar exposure and are found in relatively open canopy 
forest, forest gaps, and along forest edges (USFWS 2007b; Timpone et al. 2010). Indiana bat 
maternity roosts have been documented in a variety of habitats, including upland forest, 
bottomland forest, riparian forest, and wooded wetlands. However, riparian and bottomland 
forests seem to be the preferred roosting habitat for this species (Menzel et al. 2005; USFWS 
2007b; Carter 2006; Timpone et al. 2010). Carter (2006) showed that most large and persistent 
maternity colonies are found in moist soil habitats, such as riparian forest, floodplains, 
bottomlands, and woody wetlands. At a site in northeast Missouri, Timpone et al. (2010) found 
that about 85 percent of Indiana bat roost trees were located in riparian forest.  

Maternity colonies are most often found in ash (Fraxinus spp.), elm (Ulmus spp.), hickory 
(Carya spp.), maple (Acer spp.), cottonwood (Populus deltoides), and oak trees (Quercus spp.) 
(Gardner et al. 1991; Callahan 1993; Kurta et al. 1993, 2002; Carter 2003; Britzke et al. 2006; 
USFWS 2007b; Timpone et al. 2010). Roost trees vary in size, though most maternity roost trees 
are greater than 9 inches (22 centimeters) DBH (Kurta 2004). The mean DBH of roost trees (n = 
359) in 12 states was 18±1 inches (45±2 centimeters) (range 15 to 24 inches [37 to 62 
centimeters]) (Kurta 2004; Britzke et al. 2006). Absolute height of the roost tree appears to be 
less important than the height of the tree relative to surrounding trees, with roost trees often 
extending above the surrounding canopy (Kurta 2004). Indiana bat maternity colonies use two 
categories of roosts, primary and secondary. Primary roosts were initially defined by Callahan 
(1993) in terms of number (used by greater than 30 bats) but are also defined by number of bat-
days over one maternity season (Kurta et al. 1996; Callahan et al. 1997; USFWS 2007b). 
Primary roosts typically have greater numbers of bats and are used throughout the summer, 
whereas alternate roosts are used less frequently and by fewer bats. Alternate roosts may be 
important in changing weather conditions (temperature and precipitation) or when the primary 
roost becomes unusable (Callahan et al. 1997). Primary roosts are often found near clearings or 
edges of woodland where they receive greater solar radiation, a factor that may be important in 
reducing thermoregulatory costs for reproductive females and their young (Vonhof and 
Barclay 1996). 
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The foraging behavior of female Indiana bats is not well-studied, but a few studies have 
determined that the average distance from roost to foraging areas is 3–4 kilometers (1.9–2.5 
miles) with the maximum distance traveled approximately 5 miles (Murray and Kurta 2004; 
Sparks et al. 2005). The USFWS recently reported data from Ohio indicating that two female 
bats were documented as traveling approximately 7 and 6 miles from foraging areas to roost sites 
(K. Lott pers. comm.). Several studies have shown that Indiana bats preferentially forage in 
riparian and upland forest and rely upon riparian corridors or wooded corridors to move between 
foraging areas (LaVal et al. 1977; Murray and Kurta 2004; Menzel et al. 2005; Sparks et al. 
2005). Indiana bats may use other habitat types to forage and often occur in highly fragmented 
landscapes (Sparks et al. 2005; USFWS 2007b; Kniowski and Gehrt 2014). For example, Sparks 
et al. (2005) documented Indiana bats foraging in, or at least flying over, open agricultural areas 
during the summer. In this study, deciduous forest was the preferred foraging habitat (45.3 
percent of locations), but bats also spent time in agricultural lands (37.8 percent of locations). 
Sparks et al. (2005) also showed that Indiana bats avoid urban areas while foraging. 

Less is known about the summer habitat of male Indiana bats, although Whitaker and Brack 
(2002) compiled records from Indiana over 20 years and 24 counties. Many male Indiana bats 
remain in groups in or near the hibernacula. Groups of at least 19 to 40 male bats were caught in 
Wyandotte Cave in the summer (Whitaker and Brack 2002). Of 91 Indiana bats trapped in the 
vicinity of a Kentucky hibernaculum in the spring, summer, and fall, 77 percent were male. In 
addition, 93 percent of radio-tagged individuals found near the hibernacula during the summer 
were male, suggesting that males remained in the area longer than females (Gumbert et al. 2002). 
Male bats roosts were found in 280 trees of 17 species, with oak, hickory, and pine species the 
most commonly used; the mean DBH was 11.9 inches (30.3 centimeters) (range 2.5 to 30.0 
inches [6.4 to 76.2 centimeters]), and 84 percent of the trees were dead (Gumbert et al. 2002). 
More recently, Kurta (2004) compiled radio-tracking data that documented adult males using 
239 trees of 26 species. Not all adult males remain at hibernacula during summer; most disperse 
away from the area, roosting in trees similar to those of female maternity roosts. Four adult 
males were radio-tracked in Indiana in counties without documented hibernacula. Estimated 
summer home ranges of these males was on average 0.6 square miles (152 hectares) (range 0.2 to 
1.5 square miles [58 to 400 hectares]), with roost trees located in both bottomland forest and 
upland sites. Compared to female Indiana bats, males tend to roost alone and to use roost trees 
with a wider range of diameters, encompassing smaller diameter trees (Butchkoski and 
Hassinger 2002; Gumbert 2001). This behavior is likely due to the lower cost associated with 
entering torpor if the ambient temperature becomes too low (Barclay and Kurta 2007). 

3.2.4 Threats  

This section describes past and ongoing population-level threats to Indiana bat. Potential threats 
of climate change and WNS are described in Sections 3.1.1 and 3.1.2. A complete list of both 
historical and current threats to the Indiana bat can be found in the original Indiana Bat Recovery 
Plan (USFWS 1983a), the 2007 Indiana Bat Draft Recovery Plan (USFWS 2007b), and the 
Indiana Bat 5-Year Review (USFWS 2009c). It is important to note that population-level threats 



Affected Environment and Biological Resources Chapter 3 

Midwest Wind Energy Multi-Species Conservation Plan April 2016 
Public Review Draft Page 3-18 

do not necessarily work in isolation and are expected to have a cumulative impact upon the 
species. When multiple population-level threats coincide, the extinction risk to the species is 
expected to be greatest. 

3.2.4.1 Habitat Loss 

Habitat loss has had an important effect on Indiana bat populations (USFWS 1983a, 2007b). The 
nature and impact of habitat loss and degradation for the Indiana bat varies throughout its annual 
cycle (i.e., hibernation, spring migration, summer reproduction, fall migration, and fall 
swarming).  

During the spring, summer, and fall, Indiana bats depend upon mature forest for roosting and 
foraging habitat throughout their range. Tree removal can cause direct impacts on Indiana bats if 
individuals are present during cutting, but the removal of roosting and foraging habitat may also 
have negative long-term fitness consequences for individuals forced to locate to suitable 
replacement habitat. Ultimately, harvesting of mature trees may also limit the number of Indiana 
bats an area can support. 

Agricultural development has been the largest single cause of deforestation within the range of 
the Indiana bat and has caused severe forest fragmentation, likely limiting Indiana bat 
populations in some locations (Carter et al. 2002). The draining of wetlands to develop 
agriculture also has direct impacts on the habitat of Indiana bats, as wetlands are not just limited 
to marshes, lakes and rivers, but also the hydric habitats, such as the floodplains and overflows 
that are frequently utilized by Indiana bats as foraging and roosting habitat (Bultena et al. 1996, 
Carter 2006). More recently, urbanization and associated development have been responsible for 
loss and degradation of forest habitat. Indiana bats have been shown to avoid urban areas (Sparks 
et al. 2005). The availability of suitable forested habitat in urbanized areas is usually limited; and 
buildings, vehicles, and airplanes pose collision risks to bats (Mumford and Whitaker 1982; 
USFWS 2007b). Tree clearing, water withdrawal, and potential pollution of water sources 
associated with the development of oil and gas pipelines can cause take of and indirect impacts 
on bats (Kurta 2008; Hein 2012). 

Under existing protections, loss or degradation of Indiana bat habitat on public lands is not 
expected to be significant. The USFWS estimates that only 6 to 9 percent of Indiana bat 
maternity colonies have been documented (270 maternity colonies). The percentage of unknown 
maternity colonies that occur on private lands is unknown. However, the vast majority of 
forested acreage within the species range is privately owned and, therefore, the majority of 
Indiana bat maternity colonies are expected to occur on private land.  

3.2.4.2 Human Disturbance and Vandalism 

Due to their prolonged torpid state and the fact that they often hibernate in congregations of 
thousands to tens of thousands, Indiana bats are particularly vulnerable to human disturbance and 
vandalism during hibernation. For example, as of 2005, approximately 80 percent of the entire 
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overwintering Indiana bats in each Recovery Unit (i.e., Ozark-Central, Midwest, Appalachian 
Mountain, and Northeast) are found in only 12 hibernacula and hibernacula complexes (USFWS 
2007b). Human disturbance has been identified as the primary threat to Indiana bats at 39 percent 
of P1, P2, and P3 hibernacula (USFWS 2007b). The primary forms of this threat are authorized 
commercial tours, unauthorized winter visitation, and vandalism (e.g., intentional disturbance 
and/or killing of hibernating bats). Human disturbance during the winter is likely to cause 
increased frequency of arousal in hibernating Indiana bats which in turn causes premature 
depletion of energy reserves during the winter. When this occurs, bats will emerge from 
hibernation with a lower stored energy condition which will affect migration, survivorship and 
reproductive success.  

The best example of the potential negative impacts of commercial tours is Wyandotte Cave in 
Crawford County, Indiana. Wyandotte Cave has a long history as a commercial show cave. 
Tours were conducted throughout the 1800s and 1900s and were continued when the cave was 
acquired by the Indiana Department of Natural Resources (DNR) in 1966 (Whitaker and 
Mumford 2009). When winter cave tours were stopped in 2003, the number of Indiana bats 
within the cave increased dramatically (USFWS 2007b; Whitaker and Mumford 2009) and bats 
began hibernating in sections of the cave that were no longer disturbed by tours (Brack and 
Dunlap 2003).  

Excessive disturbance in the form of noise, human traffic, or fire can cause bats to abandon 
roosting areas or hibernacula. The elimination of human disturbance, via cave-gating, has been 
shown to have a positive effect on some Indiana bat hibernacula (Currie 2002; Johnson et al. 
2002). Currie (2002) documented population increases at 12 of 34 gated Indiana bat hibernacula. 
Important hibernacula with increased numbers of bats included Wyandotte Cave, Magazine 
Mine, Saltpetre Cave, White Oak Blowhole, Powder Mill Cave, and Blackball Mine. Cave 
visitation may also accelerate the spread of diseases including WNS by transfer of WNS fungal 
conidia from cave to cave. While the threat of winter cave tours has been largely eliminated, a 
significant number of P1 and P2 hibernacula are still vulnerable to the threats of winter 
disturbance, vandalism, and WNS contamination caused by unauthorized cave visitation. 

3.2.4.3 Pesticides, Insecticides, and Pollution 

The direct effect of pesticides and insecticides on bats is not fully understood, however, it is 
known that bats are susceptible to chemicals and can have immediate and long term effects 
(Kurta 2008; Schmidt et al. 2002). The use of chemicals in agriculture impact the insects that 
bats forage upon by decreasing their numbers and causing the bioaccumulation of chemicals 
within bats, as well as chemical accumulation in water sources (O’Shea and Clark 2002; Schmidt 
et al. 2002). Bioaccumulation of insecticides have been found in Indiana bats and other Myotis 
species and can be stored in fat. Later when those fat reserves are utilized during hibernation and 
reproduction, the bioaccumulation can have negative impacts by either killing the bat directly or 
negatively impacting either the adult or young (Clark et al. 1978; O’Shea and Clark 2002). In 
other cases bats that were exposed to spraying events have been shown to become disoriented 



Affected Environment and Biological Resources Chapter 3 

Midwest Wind Energy Multi-Species Conservation Plan April 2016 
Public Review Draft Page 3-20 

and have impaired coordination for a day or more. When bats have been exposed to chemicals, 
even in non-lethal levels, results have included increased metabolic rate and food intake and 
decreased reproductive success (O’Shea and Clark 2002). 

Pollutants, such as polychlorinated biphenyls (PCBs), also can have toxic effects on little brown 
bats and their prey (Fenton and Barclay 1980). Other chemicals and industrial byproducts, such 
as cyanide and mercury, that enter water bodies where little brown bats forage can affect insect 
prey base and adversely affect bats (Driscoll et al. 2007). Mining, among other activities, can 
introduce cyanide to bats (Helfferich 1991). Increased levels of persistent organic pollutants 
(e.g., PCBs) that accumulate in lipid tissues of bats during summer are mobilized during winter 
hibernation and are hypothesized to exacerbate the conditions under which bats are susceptible to 
WNS (Kannan et al. 2010). 

3.2.4.4 Natural Factors 

Several natural factors pose a threat to Indiana bat populations during hibernation, including 
collapse, subsidence, freezing, and flooding of cave hibernacula. Collapse of cave entrances and 
passageways restrict access to hibernacula and can alter airflow and microclimate. Although 
caves are generally structurally sound and collapse is infrequent, collapse and subsidence is more 
of a risk within abandoned mines.  

The emerald ash borer (Agrilus planipennis; EAB), an invasive insect, can cause nearly 100 
percent mortality of ash stands regardless of density, size, habitat or diversity of ash trees (USFS 
2010). Although Indiana bats do not rely exclusively on ash trees for roosting habitat, the effects 
of EAB may increase potential roosting sites, although research has not yet been conducted on 
this topic.  

Extreme winter temperatures can pose a threat to Indiana bats when they hibernate in caves or 
mines with suboptimal microclimate characteristics. Hibernating Indiana bats prefer roost 
temperatures between 3°C and 10°C (37°F and 50°) and prefer roosts with a stable thermal 
profile to buffer ambient temperature extremes outside the cave (Humphrey 1978; Thomson 
1982; Johnson et al. 2002; Tuttle and Kennedy 2002; Brack et al. 2005a; USFWS 2007b). 
However, Indiana bats do hibernate in caves with unstable thermal profiles, and temperatures in 
these caves are often outside the preferred range (Tuttle and Kennedy 2002). Frequency of 
arousals, which cause the majority of winter fat depletion (e.g., energy reserves), may be 
strongly affected by the need for water, making humidity an important factor in the winter 
energy budget of Indiana bats (USFWS 2007b). Temperature may also have an influence on 
arousal frequency in winter, but studies of this relationship are lacking; one such study indicated 
that arousal was not common from late January to mid-March in a large hibernaculum where 
temperatures ranged from -1.1°C to 3.3°C (-30°F to 38°F; Hicks and Novak 2002 in USFWS 
2007b). In extreme conditions, such as prolonged sub-zero ambient temperatures, mortality due 
to freezing may occur (Humphrey 1978; Richter et al. 1993; Elliot and Clawson 1999; Tuttle and 



Affected Environment and Biological Resources Chapter 3 

Midwest Wind Energy Multi-Species Conservation Plan April 2016 
Public Review Draft Page 3-21 

Kennedy 2002). Instances of bat mortalities due to freezing are infrequent, but have caused the 
deaths of hundreds to thousands of Indiana bats (USFWS 2007b).  

Indiana bats have also been killed by flooding events that have inundated hibernacula 
(USFWS 2007b). For example, a flood at Bat Cave in Kentucky is estimated to have killed at 
least 300,000 Indiana bats, representing approximately 71 percent of the current total estimated 
population size of the species (USFWS 2012a). Evidence suggests that flooding may affect a 
high proportion of hibernacula. Brack et al. (2005b) showed that eight of 33 Indiana bat 
hibernacula (24 percent) in Indiana have experienced flooding events and associated bat 
mortalities. 

3.2.4.5 Collision Mortality at Wind Facilities 

Indiana bat fatalities have been documented at wind turbines at several wind energy facilities, 
including a few in the Plan Area; however, the number of Indiana bat fatalities reported has been 
low relative to other bat species. Overall, seven Indiana bat fatalities are known to have occurred 
from publicly available studies, amounting to less than one percent of all known bat fatalities 
(WEST, Inc., unpublished database). Compared to other parts of their range, the Midwest has 
had the highest number of Indiana bat fatalities (five of the seven known fatalities were found in 
the Midwest). The percent composition of Indiana bats in the pool of fatalities in the Plan Area is 
0.090 percent (6 out of 6,690) (see Section 4.2.2.2.1). Indiana bat fatalities have been 
documented in the spring, summer, and fall.  

3.2.4.6 White-Nose Syndrome 

Bats in the northeast, including the Indiana bat, have suffered most of the fatalities from WNS 
(USFWS 2012b). Thogmartin et al. (2012) created hierarchical log-linear change-point models to 
look at Indiana bat population trends before and after the onset of WNS. Trends were combined 
from 222 wintering populations before and after onset of WNS (which primarily took place from 
2006–2009) to determine trend for clusters of interacting wintering populations, recovery units, 
and for the range-wide population. The authors found that from 1983 to just before the onset of 
WNS (i.e., 2006), a west-to-east gradient in trends existed, with westernmost populations 
declining and easternmost populations increasing in abundance. Wintering populations in the 
Ozark-Central Recovery Units before WNS exhibited a median decline of 9 percent (95 percent 
confidence interval [CI] -4,-13 percent) between 1983 and 2005. Conversely, wintering 
populations in Appalachian (+8 percent [3, 14 percent]) and Northeastern (+16 percent [3, 30 
percent]) RUs increased. Wintering populations in the core of the species range, the Midwest 
Recovery Unit, exhibited no credible change (+0.5 percent [-1, +3 percent]). For the range-wide 
population as a whole, the trend was stationary from 1983 and 2005 (-0.5 percent mean annual 
change; 95 percent CI -2.8 percent to +1.8 percent).  

Based on their models, Thogmartin et al. (2012) estimated that the mean population size in 2009 
was 377,124 bats (195,398 to 957,348), with the large variance believed to be caused by WNS. 
With the onset of WNS, the species exhibited a 10.3 percent annual decline (95 percent CI -21.1, 
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+2.0 percent) and the authors concluded that WNS is having an appreciable influence on the 
status and trends of Indiana bat populations, stalling and in some cases reversing population 
gains made in the previous 20 years. 

3.2.5 Environmental Baseline Summary  

The range-wide Indiana bat population size was estimated to be 880,000 bats at the time of 
listing in 1967 (Clawson 2002) and declined to an estimated 453,000 bats by 2001. Since 2001 
the total Indiana bat population has grown by approximately 150,000 bats and was estimated to 
be 602,223 bats in 2011 (USFWS 2012a, 2015b). As of 2015, the estimated wintering Indiana 
bat population in the Plan Area is 432,297 of which an estimated 185,720 bats reside in Indiana, 
representing 35.5 percent of all known Indiana bats (USFWS 2015b).  

Primary ongoing human threats to Indiana bat include habitat loss and modification, including 
removal of trees that support maternity roost and swarming/foraging habitat for conversion to 
agricultural uses, urban and infrastructure development, and other human uses. Construction of 
dams can result in removal of its forest habitat and inundation of cave hibernacula. Disturbances 
to hibernating Indiana bat (e.g., arousal) associated with human access into caves supporting 
winter hibernacula can result in morbidity and mortality of individuals and abandonment of 
hibernacula. Such access may also facilitate the spread and establishment of WNS. Other 
ongoing sources of mortality include collision of bats with structures and operation of equipment 
associated with development (e.g., collision with buildings, vehicles, and aircraft). Ongoing 
development of wind energy facilities also presents collision risks for Indiana bat, with seven 
Indiana bat fatalities recorded to date.8 The most significant risk of wind turbine-related 
mortality for bats occurs during fall migration (Arnett et al. 2008; Cryan and Barclay 2009); 
there is also concern during the summer reproduction period when populations of adult females 
and juveniles are concentrated, and spring migration period, about which relatively little is 
known. 

WNS is a substantial developing threat to the Indiana bat that could result in substantial range-
wide and Plan Area population declines as this disease spreads westward from the Northeast 
(Sections 3.1.2 and 3.2.4.6). The ongoing effects of climate change on Indiana bat are not 
known, but could result in changes in its distribution, habitat availability, phenology, and food 
supply and have substantial effects on the population (Section 3.1.1). 

3.3 NORTHERN LONG-EARED BAT 

3.3.1 Species Description 

The northern long-eared bat is a small bat weighing approximately 0.17 to 0.35 ounce (5 to 10 
grams) with light to dark brown coloration (Amelon and Burhans 2006; CBD 2010). This bat has 
long ears that, when pushed forward, extend beyond its nose (average length 17mm) (CBD 2010; 
                                                 
8 Source: http://www.fws.gov/midwest/wind/wildlifeimpacts/inbafatalities.html (accessed November 16, 2015). 
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Whitaker and Mumford 2009). It was formerly considered a subspecies of Keen’s bat 
(M. keenii), though they are now considered to be two genetically distinct species (Caceres and 
Pybus 1997; CBD 2010). Most literature prior to the 1980’s under the name Keen’s bat actually 
pertains to the northern long-eared bat. 

3.3.2 Species Status  

3.3.2.1 Listing Status  

The northern long-eared bat was listed as threatened under the ESA in April 2015. In June 2011, 
the USFWS initiated a status review 12 month finding (after 90-day petition finding found 
substantial information indicating that the requested action may be warranted) to decide if the 
northern long-eared bat should be added to the federal list of endangered and threatened species 
(USFWS 2011b). Based on the best available scientific information and following an extended 
public comment period, the USFWS listed the northern long-eared bat as a threatened species 
under the ESA with an interim rule established under section 4(d) of the Act in April 2015.9 The 
interim rule applied broad prohibitions against all incidental take of northern long-eared bat and 
then exempted specific activities from incidental take prohibitions, including forest management 
practices, maintenance and limited expansion of transportation and utility rights-of-way, prairie 
habitat management, and limited tree removal projects. The USFWS further concluded that the 
designation of critical habitat was not determinable at the time of listing.  

At the same time of publication of the interim 4(d) rule, the USFWS opened a 90-day public 
comment period on the interim 4(d) rule. After reviewing public comments, the USFWS 
developed a final 4(d) rule, which was published in the Federal Register on January 13, 2016. 
The final 4(d) rule went into effect on February 16, 2016, 30 days after it was published in the 
Federal Register. The final rule exempts all development activities from the ESA take 
prohibition, within and outside of the WNS Zone, except incidental take resulting from tree 
clearing under the following two conditions: (1) clearing activity within a 0.25 mile radius of a 
known northern long-eared bat hibernaculum, and (2) tree clearing resulting in the cutting or 
destruction of any trees within a 150-foot radius from a known maternity tree during the pup 
rearing period (June 1 through July 31). 

The primary reason the USFWS cited in their final rule for not establishing regulatory criteria for 
wind energy facilities is that the best available information does not indicate significant impacts 
to northern long-eared bat from operations of wind facilities and because there is no evidence 
suggesting that effects from wind energy development has led to significant declines in this 
species. Furthermore, the final rule states that there also is no evidence that regulating the 
incidental take resulting from operation of wind facilities would meaningfully change the 
conservation or recovery potential of the species in the face of WNS. The USFWS emphasized, 
however, that they expected the wind industry to adopt the new voluntary standards put forward 

                                                 
9 50 Code of Federal Regulations [CFR] 17 17974-18033. 
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by the American Wind Energy Association, which they expected would reduce risk to all bats, 
including the northern long-eared bat. 

The northern long-eared bat is also a species of special conservation concern or greater 
conservation need in Alabama, Delaware, Iowa, Minnesota, Ohio, Montana, New Hampshire, 
Rhode Island, and Vermont. Northern long-eared bats are an imperiled species in Oklahoma, 
critically imperiled in Louisiana, a rare species of concern in South Dakota, and endangered in 
Massachusetts. It is a candidate for listing in Pennsylvania, and state-listed as threatened in 
Wisconsin.  

3.3.2.2 Range and Population Status 

The northern long-eared bat occurs over much of the U.S. and Canada (BCI 2003, 2012) from 
the eastern U.S. and southeastern Canada west to Montana and British Columbia and south to 
northern Florida (Figure 3-5). Barbour and Davis (1969) reported that the winter and summer 
geographic ranges of the species appear to be identical (Amelon and Burhans 2006). This species 
occurs in a widespread, patchy distribution, rarely in large numbers (Barbour and Davis 1969), 
and is more common in the northern part of its range (Harvey 1992; CBD 2010). Northern long-
eared bats are found in all Canadian provinces, as well as the Yukon and Northwest Territories, 
and in eastern, Midwestern, and some southern U.S. states (Caceres and Barclay 2000; Crnkovic 
2003). A few northern long-eared bats have been reported in Montana and Wyoming (Schmidt 
2001; CBD 2010).  

Little is known about overall population size or trends of northern long-eared bat, although 
losses due to WNS may be substantial, especially in the northeastern part of its range (see 
discussion below). The northern long-eared bats tendency to hibernate in cracks and crevices 
individually or in small groups with other hibernating species makes it difficult to obtain 
accurate counts of wintering individuals (MAFWA 2014). Across the species range, broader-
scale population decline associated with habitat loss and disturbance to hibernacula have been 
noted, while within portions of its range some surveys report stable populations (e.g., Trombulak 
et al. 2001; CBD 2010). Few states report estimated population sizes for northern long-eared 
bats. Based on mist-net captures, Whitaker et al. (2002) estimated approximately 470,000 
northern long-eared bats in Indiana, though numbers likely fluctuate by season, and this estimate 
was prepared before the onset of WNS.  

3.3.2.3 Distribution in the Plan Area 

Northern long-eared bats occur in each of the states in the Plan Area (Figure 3-5). Population 
levels of northern long-eared bats in Indiana were relatively low but stable between 1980 and 
2000 (Whitaker et al. 2002). The species is relatively common throughout Indiana in forested 
regions in the summer; in the winter, the species hibernate in caves in southcentral IN (Whitaker 
et al. 2007). 



Affected Environment and Biological Resources Chapter 3 

Midwest Wind Energy Multi-Species Conservation Plan April 2016 
Public Review Draft Page 3-25 

  
Figure 3-5. Range of the Northern Long-eared Bat in and Adjacent to the Plan Area 
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The species is more common in northern Michigan than in southern Michigan, where forests are 
more abundant and potential hibernation sites (caves and mines) are in close proximity (Kurta 
1982, 2008.) This distribution is also representative of bats that have been submitted for rabies 
testing. In southern Michigan, less than one percent of all bats were northern long-eared bats, 
however, in northern Michigan, northern long-eared bats comprise more than ten percent 
(Kurta 2008) 

In Ohio, the range of northern long-eared bats includes most of the forested areas, with an 
increased population size in eastern Ohio (Brack et al. 2010). Northern long-eared bats are 
typically the 2nd to 4th most commonly caught bat in Ohio studies (Brack et al. 2010). 

In Missouri, northern long-eared bats likely occur statewide wherever forested habitat is present 
(Boyles et al. 2009). Furthermore, Amelon (2007) reported that northern long-eared bats made 
up 28 to 36 percent of bats captured annually.  

In Iowa this species is considered common statewide (NatureServe 2012). The majority of the 
northern long-eared bat population resides in the eastern part of the state (Dixon 2011). 
Submission of bats for rabies testing from 1983 – 1991 included 24 northern long-eared bats of 
567 total bats, or 4.2 percent (Laubach et al. 2004). In 2014, rabies submission cases included 
487 bats, none of which were northern long-eared bats; though 4 percent were little brown bats 
(IDBH 2014). Twelve years of bat census data were reviewed for smaller caves (length less than 
or equal to 50 meters), since large caves are not common in Iowa and represent a small portion 
of total caves in Iowa. These surveys determined that tri-colored bat (68 percent) and big 
brown bat (24 percent) as the most commonly occurring species in the smaller cave systems 
(Dixon 2011). 

In, Wisconsin northern long-ears bats are considered relatively uncommon, with low numbers 
observed during both hibernacula surveys and summer mist-netting (J. White pers. comm. 2015; 
MAFWA 2014; Wisconsin DNR 2010). In 2014, 14.5 percent of captures on a Wisconsin project 
were northern long-eared bats (J. White pers. comm. 2015a) 

In Minnesota, historical records of northern long-eared bats are limited. However, in 2014, 195 
northern long-eared bats were captured at 77 mist-net sites during the summer maternity season 
(Minnesota DNR unpublished data; MAFWA 2014) and were one of the most frequently 
captured species (MAFWA 2014).  
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3.3.3 Life History and Habitat Requirements 

3.3.3.1 Life History 

Several of the life history traits for northern long-eared bat make this species particularly 
vulnerable to a variety of threats. Its naturally small population size, diffuse distribution, and low 
fecundity combine to increase susceptibility to habitat loss and degradation, disturbance, and 
stochastic events that cause local decline. Because of their low reproductive rate, populations of 
northern long-eared bats are likely slow to recover from the loss of individuals, increasing the 
probability that mortality caused by WNS, development, or other factors will cause extirpation 
(e.g., USGS 2009). 

3.3.3.2 Demographics 

The population structure of long-eared bat populations is largely unknown. Similar to other bat 
species, northern long-eared bats have a low reproductive rate with females birthing one 
offspring per year. As with other eastern bat species, females’ exhibit delayed fertilization. After 
copulation, sperm is stored in the uterus until spring, when ovulation occurs. The timing of 
parturition and weaning are likely dependent on regional conditions (Foster and Kurta 1999). 
Broders et al. (2006) found parturition to occur in mid- to late-July. Southeastern population 
parturition dates occur between mid-May and mid-June (Caire et al. 1979; Cope and Humphrey 
1972). Juvenile mortality is high in bats, as pups are highly vulnerable at birth and may have 
difficulty accumulating adequate energy reserves before the hibernation period begins (Hamilton 
and Barclay 1998; Kokurewicz and Speakman 2006). Sex ratio for northern long-eared bats at 
birth is 1:1, but multiple studies report higher percentages of males compared to females during 
hibernation (Griffin 1940; Pearson 1962; Hitchcock 1949; Stones 1981). The skewed ratio is 
believed to be due to greater mortality among females (Griffin 1940; Hitchcock et al. 1984). The 
northern long-eared bat is a fairly long-lived species (Thompson 2006), with one individual 
reportedly living 19 years (Hall et al. 1957). 

3.3.3.3 Hibernation 

The hibernation period for northern long-eared bats is typically late September or early October 
to early April in Missouri, October to mid-March in Indiana, and October or November to mid-
March in Ohio (Boyles et al. 2009; Whitaker et al. 2007; Kurta 2008; Brack et al. 2010). 
Maternity colonies form in May in Michigan (Kurta 2008). This species reportedly hibernates in 
caves or abandoned mines with Indiana bats, little brown bats, big brown bats, and tricolored 
bats (Caire et al. 1979; Mills 1971; Boyles et al. 2009). Hibernating northern long-eared bats do 
not form large aggregations or clusters typical of some eastern species. Instead, individuals or 
small groups seem to favor deep crevices or cracks in the hibernacula walls or ceilings for 
hibernation (Caceres and Barclay 2000), and often go unnoticed during winter hibernacula 
surveys until spring emergence. This tendency makes it very challenging to locate them during 
hibernacula surveys and to properly estimate the number of northern long-eared bats within the 
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hibernacula; therefore, northern long-eared bats are rarely found in large numbers within 
hibernacula. Among the known hibernacula in Michigan, mostly abandoned iron and copper 
mines in the Upper Peninsula, northern long-eared bats comprise approximately 8 to 12 percent 
of hibernating bats (Kurta 2008; Kurta and Smith 2014). Northern long-eared bats made up 0.4 
percent of the cumulative hibernating assemblage counted in 42 caves in five northeastern states 
(New York, Pennsylvania, Vermont, Virginia, and West Virginia), before the onset of WNS, and 
only 0.1 percent after WNS (Turner et al. 2011). Although northern long-eared bats were found 
hibernating at 23 of 65 coal mine shafts at Ohio’s Wayne National Forest, they made up less than 
4 percent of bats captured during paired summer riparian surveys in the same general area (Lacki 
and Bookhout 1983). This species was also found in five of 13 abandoned Indiana coal mines 
containing bats and made up 39 percent of all bats captured (Whitaker and Stacy 1996). Also, 
more than 100 bats of this species were found in five of 21 mines surveyed in Michigan, where 
males made up about 60 percent of winter population counts of the species (Stones 1981 in 
Amelon and Burhans 2006). Rarely are there more than 100 individuals per hibernation colony 
(Barbour and Davis 1969; Caire et al. 1979), but an average of up to 226 bats per hibernaculum 
were found in mines in northern Michigan (Stones 1981). Northern long-eared bats generally 
exhibit strong philopatry to hibernacula, and have also been reported to occasionally move 
between hibernacula during the winter (Whitaker and Rissler 1992).  

3.3.3.4 Spring Staging and Emergence 

There is little information available for spring staging and emergence of northern long-eared bats 
from hibernacula. However, the length of hibernation period can change with different regions 
and climate differences (Caceres and Barclay 2000). Depending on the specific climate patterns 
and which region the bats are hibernating in, spring emergence may occur from March to May 
(Caire et al. 1979; Fenton 1969; Nagorsen and Brigham 1993; Whitaker and Rissler 1992). Like 
other Myotis species in the eastern U.S., northern long-eared bats mate in the fall, with ovulation 
and fertilization occurring shortly after females awaken in the spring (Caceres and Barclay 
2000). Shortly after emergence, northern long-eared bats migrate to their summer habitat. 

3.3.3.5 Migration 

Little is known about migration for northern long-eared bats. Some studies have reported 
movements ranging between approximately 30 and 60 miles (approximately 50 to 100 
kilometers) from hibernacula to summer habitat (Caire et al. 1979; Griffin 1945), suggesting they 
are regional migrants. There is evidence that portions of the population may move seasonally. 
The low numbers of females captured at cave entrances and along streams throughout the 
summer in Missouri indicate dispersal to maternity sites, perhaps beyond the cave region of the 
state (Caire et al. 1979). Late summer swarming behavior and relatively high concentrations at 
some caves indicate that there is some degree of local or regional movement prior to 
reproduction. In southern Michigan, where hibernacula are lacking, bats must migrate either 
south to the karst regions of Indiana and Ohio or north to the abandoned mines of the Upper 
Peninsula (Kurta 1982a).  
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In spring, females leave hibernacula and form maternity colonies. Though some may roost alone, 
females often roost colonially. Maternity or nursery colonies may be comprised of up to 90 
individuals including young (Layne 1978); the largest maternity colony reported contained 39 
adult females (Dickinson et al. 2009).Spring migration direction of northern long-eared bats may 
be similar to little brown bats and appears to radiate outward from hibernacula during migration, 
with the bats migrating directly to the natal sites, rather than moving primarily north or south 
(Davis and Hitchcock 1965; Fenton 1970; Griffin 1970; Humphrey and Cope 1976). Little is 
known about male northern long-eared bat migrations, but in little brown bats males have been 
captured outside of known hibernacula in midsummer, suggesting that some males may migrate 
short distances from their hibernacula (Davis and Hitchcock 1965). If male northern long-eared 
bats behave similar to other Myotis species, then it can be expected that they form small bachelor 
colonies or stay close to known hibernacula (Davis and Hitchcock 1965); however, some males 
have been recorded in southern Michigan, far from known hibernacula.  

3.3.3.6 Summer 

Suitable summer habitat for the northern long-eared bat consists of a wide variety of 
forested/wooded habitats where they roost, forage, and travel and may also include some 
adjacent and interspersed non-forested habitats such as emergent wetlands and adjacent edges of 
agricultural fields, old fields and pastures (USFWS 2014). The species is most commonly 
associated with forest stands and associated vegetation for both foraging (Caceres and Barclay 
2000 and citations therein) and roosting (Foster and Kurta 1999), but it also known to inhabit 
anthropogenic structures (Caceres and Barclay 2000 and citations therein). Several authors report 
use or preference for greater canopy cover (Foster and Kurta 1999; Timpone et al. 2010) and 
increased vertical structure (Owen et al. 2003), suggesting that the species prefers more mature 
stands.  

Northern long-eared bats are known to forage under the forest canopy at small ponds or streams, 
along paths and roads, or at the forest edge (Caire et al. 1979); they do not forage in intensively 
harvested stands or open agricultural areas, generally constraining movements to intact forest 
(Patriquin and Barclay 2003; Henderson and Broders 2008). Northern long-eared bats have low 
wing loading, a low aspect ratio and are highly maneuverable in forested habitat and therefore 
well-adapted to foraging in dense vegetation (Patriquin and Barclay 2003; Carter and Feldhamer 
2005). Northern long-eared bats can feed on aerial insects, but use echolocation calls that are 
shorter in duration, higher in frequency, and lower in intensity compared to Myotis species that 
only capture aerially active insects (Faure et al. 1993). This echolocation style, combined with 
larger ears that may assist with passively hearing prey-generated sounds, enable northern long-
eared bats to glean insects from substrates. Gleaning is a strategy best employed in forested 
habitats, or along edges, and can also allow this bat to continue foraging even after cold 
temperatures force flying insects to cease activity (see, e.g., Barclay 1991). This species is also 
frequently observed to forage in close proximity to ephemeral upland pools (Brooks and Ford 
2005; Owen et al. 2003). 
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Northern long-eared bats most frequently select mature growth forests with decaying trees and 
live trees with cavities or exfoliating bark for roosting habitat (Lacki and Schwierjohann 2001; 
Ford et al. 2006; Foster and Kurta 1999). Broders and Forbes (2004) further reported that 
maternity colonies were more often in shade-tolerant deciduous stands, in trees species that are 
susceptible to cavity formation. Lacki and Schwierjohann (2001) found that colony roosts were 
more likely to occur in stands with higher density of snags. Up to 60 female roosting northern 
long-eared bats were found in live and dead large-diameter maple and ash trees (Foster and 
Kurta 1999). Northern long-eared bats show site fidelity related to summer roost habitat (Arnold 
2007), but use a number of roost trees in the area. Foster and Kurta (1999) found that bats 
changed roost trees approximately every 2 days. Males and non-reproductive females generally 
roost singly during the summer months (Caceres and Pybus 1997). 

Mating occurs typically in late summer or early fall. Some individuals mate again upon 
emergence (Racey 1982). Gestation lasts 50 to 60 days, and parturition occurs in early to mid-
summer. Females have a single young which may become sexually mature prior to hibernation in 
the fall (Caceres and Barclay 2000). Female northern long-eared bats often roost colonially.  

3.3.3.7 Home Range 

In West Virginia, foraging home ranges of northern long-eared bats averaged 60 to 65 hectares 
(148 to 165 acres) (Menzel et al. 1999; Owen et al. 2003). In southern Illinois, roosting areas for 
northern long-eared bats were 186 hectares (460 acres), and movements between roosts were 
generally less than 100 meters (328 feet), with the longest recorded movement being 860 meters 
(2,821 feet) (Carter and Feldhamer 2005). In Michigan, the distance between roosts used by the 
same bat ranged from 6 to 2,000 meters (20 to 6,560 feet) (Foster and Kurta 1999). In New 
Brunswick, females moved up to 2,000 meters (6,560 feet) between roost sites, while males 
moved approximately 1,000 meters (3,280 feet) (Broders et al. 2006). 

3.3.3.8 Fall Swarming  

Prior to hibernation, northern long-eared bats increase their total mass by nearly 50 percent 
(males 45 percent, females 41 percent) (Caire et al. 1979). Northern long-eared bats begin 
arriving at hibernacula in August, and by mid-September large numbers can be seen flying about 
the entrances to certain caves and mines (Boyles et al. 2009). The majority of breeding occurs 
during this fall swarming period.  

3.3.4 Threats  

This section describes past and ongoing population-level threats to northern long-eared bat. 
Potential threats of climate change and white-nose syndrome are described in Sections 3.1.1 and 
3.1.2. It is important to note that population-level threats do not necessarily work in isolation, 
and are expected to have a cumulative impact upon the species. When multiple population-level 
threats coincide, the extinction risk to the species is expected to be greatest. 
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3.3.4.1 Habitat Loss 

As a species closely associated with mature interior forest stands, the northern long-eared bat is 
sensitive to the fragmentation and degradation of these forested habitats. For example, 
Henderson et al. (2008) showed a relationship between forest cover and distribution of the 
species on Prince Edward Island, and that the area of forest cover was positively related to 
species presence. Yates and Muzika (2006) reported that reduced occupancy of forested habitat 
by this species was correlated with increasing proportions of edge habitat resulting from 
development-driven fragmentation of contiguous habitat (CBD 2010), and this is echoed by 
Henderson et al. (2008). It is not possible to correlate historical forest losses with historical 
northern long-eared bat declines due to insufficient data; however, the total area of mature forest 
remaining in the eastern U.S. is estimated to be extremely low (McGrory-Klyza 2001; 
CBD 2010). 

3.3.4.2 Human Disturbance and Vandalism  

The closure of mines used for hibernation is a potential threat to northern long-eared bats, but 
there is currently no evidence that this threat exists (USFWS 2011b). The blocking off of mines 
in winter due to landowners’ fear of liability can lead to bats being trapped within old mines. The 
sealing of mines leads not only to the mines being inaccessible to human trespassing but to 
incoming bats as well (Kurta 2008). A few cave populations are threatened or have been affected 
by commercialization for tourism. Sensitivity to disturbance is exhibited during hibernation, 
when fat reserves may be depleted by frequent arousals (Thomas 1995), and in nursery colonies, 
where disturbance by humans, though likely uncommon because of the generally inaccessibility 
of their tree roosts, may cause bats to move to an alternate roost even after only one noninvasive 
examination (Layne 1978). 

3.3.4.3 Pesticides, Insecticides, and Pollution 

The direct effect of pesticides and insecticides on bats is not fully understood, however, it is 
known that bats are susceptible to chemicals and can have immediate and long term effects 
(Kurta 2008; Schmidt et al. 2002). The use of chemicals in agriculture impact the insects that 
bats forage upon by decreasing their numbers and causing the bioaccumulation of chemicals 
within bats, as well as chemical accumulation in water sources (O’Shea & Clark 2002; Schmidt 
et al. 2002). Bioaccumulation of insecticides have been found in Indiana bats and other Myotis 
species and can be stored in fat and later when those fat reserves are utilized during hibernation 
and reproduction can have negative impacts by either killing the bat directly or negatively impact 
either the adult or young (Clark et al. 1978; O’Shea & Clark 2002). In other cases bats that were 
exposed to spraying events have been shown to become disoriented and have impaired 
coordination for a day or more. When bats have been exposed to chemicals, even in non-lethal 
levels, results have included increased metabolic rate and food intake and decreased reproductive 
success (O’Shea & Clark 2002). 
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Pollutants, such as PCBs, also can have toxic effects on little brown bats and their prey (Fenton 
and Barclay 1980). Other chemicals and industrial byproducts, such as cyanide and mercury, that 
enter water bodies where little brown bats forage can affect insect prey base and adversely affect 
bats (Driscoll et al. 2007). Mining, among other activities, can introduce cyanide to bats 
(Helfferich 1991). Increased levels of persistent organic pollutants (e.g., PCBs) that accumulate 
in lipid tissues of bats during summer are mobilized during winter hibernation and are 
hypothesized to exacerbate the conditions under which bats are susceptible to WNS (Kannan 
et al. 2010). 

3.3.4.4 Natural Factors 

Several natural factors pose a threat to northern long-eared bat populations during hibernation, 
including collapse, subsidence, freezing, and flooding of cave hibernacula. Collapse of cave 
entrances and passageways restrict access to hibernacula and can alter airflow and microclimate. 
Although caves are generally structurally sound and collapse is infrequent, collapse and 
subsidence is more of a risk within abandoned mines.  

The emerald ash borer (Agrilus planipennis;), an invasive insect, can cause nearly 100 percent 
mortality of ash stands regardless of density, size, habitat or diversity of ash trees (USFS 2010). 
Although northern long-eared bats do not rely exclusively on ash trees for roosting habitat, the 
effects of emerald ash borer may temporarily increase potential roosting sites, although research 
has not yet been conducted on this topic. 

3.3.4.5 Collision Mortality at Wind Facilities 

Northern long-eared bat fatalities have been documented at wind turbines at several wind energy 
facilities including a few in the Plan Area; however, the number of northern long-eared bat 
fatalities reported has been low relative to other bat species. Overall, 48 northern long-eared bat 
fatalities are known from publicly available studies, amounting to less than one percent of all 
known bat fatalities (WEST, Inc., unpublished database). Compared to other parts of their range, 
the eastern portion of North America has had the highest number of northern long-eared bat 
fatalities (eight of the 46 northern long-eared bat fatalities with known locations were found in 
the Midwest). The percent composition of northern long-eared bats in the pool of fatalities in the 
Plan Area is 0.090 percent (eight out of 8,934) (see Section 4.3.2.2.1). Northern long-eared bat 
fatalities have been documented in the late spring, summer, and fall.  

In their final threatened listing rule, the USFWS found that there is no evidence to suggest that 
effects from wind energy development have led to population-level declines in this species. 
Given the low mortality rates experienced and estimated, the USFWS believes that northern 
long-eared bats are not as vulnerable to mortality from wind turbines as other species of bats 
(e.g., hoary bat, silver-haired bat, red bat, big brown bat, little brown bat, and tricolored bat). 
However, sustained annual mortality of individual northern long-eared bats at a particular wind 
energy facility could result in negative impacts to local populations (USFWS 2015a). 
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3.3.4.6 White-Nose Syndrome 

Bats in the northeast, including the northern long-eared bat, have suffered most of the fatalities 
from WNS (USFWS 2012c). Dead northern long-eared bats have been recorded at many WNS-
affected hibernacula (Blehert et al. 2009). At the time of the final threatened listing rule, (spring 
2015), the fungus that causes the WNS affected an estimated 60 percent of the northern long-
eared bat’s total geographic range, and was expected to continue to spread at a similar rate 
through the rest of the range (USFWS 2015, unpublished data). WNS has been confirmed in 25 
of the 37 States (does not include the District of Columbia) in the range of northern long-eared 
bat. Although WNS has not been confirmed in Rhode Island or the District of Columbia, those 
areas are entirely surrounded by WNS.  

Even before the discovery of WNS in 2006, northern long-eared bats were difficult to find during   
hibernacula surveys in northeastern United States. After the arrival of WNS, survey numbers for 
northern long-eared bats declined to close to zero in hibernacula surveys (Hicks et al. 2008). 
Northern long-eared bat populations are estimated to have declined 93 percent overall in New 
York, Massachusetts, and Vermont since WNS was first discovered (Langwig et al. 2009; CBD 
2010). Langwig (2014, in litt., as cited in USFWS 2015a) stated that, in more than 50 caves and 
mines surveyed in New York, Vermont, New Hampshire, Virginia, and Illinois, the northern 
long-eared bat is extirpated from all sites (that had continuous population counts) where WNS 
has been present for more than 4 years. In the Northeast, where WNS has been present for 5 or 
more years, the northern long-eared bat is only rarely encountered on the summer landscape. For 
example, in Vermont, the species was the second most common bat in the state before WNS, and 
it is now one of the least likely to be encountered (VFWD 2014, in litt., as cited in 
USFWS 2015a). Northern long-eared bats were also widespread throughout New York prior to 
WNS; however, post-WNS captures of this species have declined dramatically (approximately 
93 percent) in the eastern part of the State (NYSDEC 2012, unpublished data, as cited in 
USFWS 2015a). 

Currently, WNS has been documented in all Plan Area states except Minnesota where Pd has 
been documented. Based on the observed spread of Pd from its point of origin in New York that 
has occurred to date, the area affected by Pd in North America is expanding at an average rate of 
roughly 175 miles (280 kilometers) per year (USFWS 2015a). At this average rate of spread, Pd 
can be expected to occur throughout the range of the northern long-eared bat in an estimated 8 to 
9 years from December 2014. The Committee on the Status of Endangered Wildlife in Canada 
estimated that the entire range of the northern long-eared bat would be infected within 12 to 15 
years from November 2013 (COSEWIC 2013, as cited in USFWS 2015a).  

It is unclear if the Midwest will experience the same outcomes as the northeast. Northern long-
eared bats exhibit behaviors (e.g., hibernating solitarily or in small clusters, using alternative 
hibernacula) that have been hypothesized to potentially limit exposure to Pd and reduce the 
impacts of WNS; however, there currently is no empirical evidence to suggest that these 
behaviors have mitigated the impacts of WNS, and the northern long-eared bat has been found to 
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be one of the most highly susceptible bat species to WNS (Langwig et al. 2015). Griffin (1945) 
reported that northern long-eared bats hibernate in ‘‘unsuspected retreats,’’ away from large 
colonies of other species and where caves and mines are not present, suggesting they may be 
able to limit exposure to Pd. In the southern extent of their range, northern long- eared bats have 
been documented sporadically arousing from torpor throughout the winter and moving between 
hibernacula (Griffin 1940; Whitaker and Rissler 1992; Caceres and Barclay 2000). It has been 
suggested that these periodic arousals provide a hypothetical mechanism by which fungal 
growth, and resulting infection, may be limited. However, northern long-eared bats prefer to 
hibernate at temperatures between 0 and 9 °C (Raesly and Gates 1987; Caceres and Pybus 1997; 
Brack 2007), which falls within the optimal growth limits of Pd, 5 and 16 °C (41 and 61 °F) 
(Blehert et al. 2009; Verant et al. 2012), making them susceptible to WNS infection once 
exposed to Pd, regardless of hibernaculum type.  

3.3.5 Environmental Baseline 

The status and trajectory of northern long-eared bat populations are not well understood. 
Currently, WNS is the greatest threat to the species and has the potential to extirpate entire 
populations (Coleman et al. 2009). WNS infected bat populations in the northeast have 
experienced annual declines of 30 to 99 percent (Frick et al. 2010b; Langwig et al. 2009; 
CBD 2010). Other potential threats to the species include forest fragmentation, particularly in 
older, more complex forests, and mine closures. Additionally, climate change may have negative 
effects on some populations. Northern long-eared bats are known to be fatalities at wind farms, 
though turbine fatalities of northern long-eared bats are apparently uncommon (Arnett and 
Baerwald 2013), and are not considered to pose a threat to species viability (USFWS 2013b).  

3.4 LITTLE BROWN BAT 

3.4.1 Species Description 

The little brown bat is cinnamon-buff to dark brown above, buff to pale gray below (Hall 1981). 
The dorsal hairs have long glossy tips. The overall length is 41 to 54 millimeters (1.64 in to 2.21 
inches), while the ear is 11.0 millimeters to 15.5 millimeters (0.43 inch to 0.61 inch), and the 
forearm is 33 millimeters to 41 millimeters (1.3 to 1.61 inch) (Hall 1981). Typical body weight is 
7 to 9 grams (0.25 to 0.31 ounce). The ears, when laid forward, reach approximately to the 
nostril and the tragus10 is about half as high as the ear. The calcar, which is a spur of cartilage 
extended from the ankle and supporting the interfemoral membrane, is unkeeled. The little 
brown bat differs from the closely related Indiana bat by having a larger foot, more prominent 
toe hairs, and an unkeeled calcar. The little brown bat differs from the southeastern bat in glossy 
rather than dull pelage, and the usual absence of a sagittal crest (Hall 1981). 

                                                 
10 The tragus is a fleshy projection that covers the bat’s ear opening. 
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3.4.2 Species Status 

3.4.2.1 Listing Status 

The little brown bat has long been considered one of the most common and widespread bat 
species in North America. Long-term monitoring of 22 hibernacula in the northeastern U.S. 
indicated a population of 6.5 million little brown bats as of 2006 at which time the northeastern 
population was considered stable or slightly increasing (Frick et al. 2010b). Accordingly, the 
species was not recognized as threatened or endangered under the ESA. However, the onset of 
WNS is changing the population status for little brown bat, most notable in the northeastern U.S. 
where WNS has been present for at least 6 years. The annual mortality in affected caves is 30 to 
99 percent, with a mean of 73 percent (Frick et al. 2010b). Based on this trend, the little brown 
bat could be extirpated in its core range by 2026 (Frick et al. 2010a, 2010b). Because of these 
recent changes to the species population, the USFWS is conducting a listing status review for 
little brown bat based on a listing status review report (Kunz and Reichard 2010). 

3.4.2.2 Range and Population Status 

The little brown bat is widely distributed across North America from Alaska to Nova Scotia in the 
north, and from northern Florida to central Mexico east of the Sierra Madre Occidental in the 
south (Fenton and Barclay 1980). The distribution is limited by the availability of suitable caves 
and mines for hibernation, temperatures inside hibernacula, and by the length of the hibernation 
season (Humphries et al. 2002, 2006). It is believed that the high density of caves in the 
Appalachian Mountain range and eastern Midwest (Culver et al. 1999) are responsible for the 
larger populations of little brown bats in these regions (Kunz and Reichard 2010). The largest 
known colonies of little brown bat are in the northeastern and Midwestern U.S., with the 
northeastern population considered to be the core range of the species (Kunz and Reichard 2010). 

Little brown bats are known from every state in the Plan Area (Fenton and Barclay 1980) 
(Figure 3-6). Unlike some Myotis species that hibernate in a few huge aggregations, little brown 
bats often hibernate in many colonies of several thousand bats. For example, Wisconsin has 110 
bat hibernacula, with the three largest containing 275,000 little brown bats (Wisconsin 
DNR 2010). 

3.4.3 Life History and Habitat Requirements  

3.4.3.1 Life History 

Little brown bats mate at hibernacula in the fall after dissolution of maternity colonies and before 
the onset of hibernation (Davis and Hitchcock 1965; Fenton 1969; Kunz et al. 1998; Thomas 
et al. 1979). Beginning as early as August, bats gather near hibernacula and engage in swarming 
behavior at night, which involves flights into and out of the hibernacula and is associated with 
mating behavior. During these swarming events, bats couple and mate, typically on the roof and 
walls of the hibernacula. Mating appears to be indiscriminate and promiscuous, with females  
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Figure 3-6. Predicted Range of the Little Brown Bat in and Adjacent to the Plan Area   
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mating with multiple males and vice-versa. Males also sometimes mate with hibernating females 
(Thomas et al. 1979). Some bats may mate at one hibernaculum before hibernating at another 
(Fenton 1969; Thomas et al. 1979). This behavior can result in genetic mixing among colonies 
(Carmody et al. 1971). Females may be reproductively active in their first year, but males are not 
sexually mature until their second year (Thomas et al. 1979). Female little brown bats store 
sperm through the winter (Wimsatt 1944). Ovulation occurs shortly after arousal from 
hibernation in spring (Buchanan 1987; Wimsatt and Kallen 1957) unless physical condition is 
poor (Kunz et al. 1998). Eggs are then fertilized by sperm stored through the winter. Gestation 
lasts approximately 50 to 60 days (Barbour and Davis 1969; Wimsatt 1945) depending on 
environmental conditions (Racey 1973). Most females (averaging 95 percent) produce young 
annually (Frick et al. 2010a). Each successful pregnancy produces a single altricial offspring 
(Wimsatt 1945). Reproductive success depends on the availability of insect prey during summer 
(Anthony and Kunz 1977; Anthony et al. 1981; Frick et al. 2010a; Jones et al. 2003). At birth, 
little brown bats weigh about 25 percent as much as an adult and are about 43 percent of adult 
length (Burnett and Kunz 1982; Hayssen and Kunz 1996; Kunz and Anthony 1982). The sex 
ratio at birth is 1:1 (Griffin 1940). Young consume only milk prior to fledging at approximately 
three weeks of age and 84 percent of adult body size (Burnett and Kunz 1982; Kunz and 
Anthony 1982; Powers et al. 1991). Fledglings consume both milk and insects until they are 
weaned at approximately four weeks (Kurta et al. 1989). Adult females often migrate to 
swarming sites once young are weaned, and therefore typically arrive at hibernacula before 
yearlings (Kunz et al. 1998).  

3.4.3.2 Demographics 

Little is known about annual age-specific survival rates for bats, but banding studies have 
demonstrated that little brown bats can be remarkably long-lived. For example, banded little 
brown bats have survived for 30 years (Keen and Hitchcock 1980) and the lifespan potential for 
little brown bats has been estimated at 34 years (Brunet-Rossinni 2004). O’Shea et al. (2004) 
summarized survival rates for a number of species, including several Myotis species; reported 
survival rates for studies on Myotis species ranged from approximately 6 to 89 percent (O’Shea 
et al. 2004). Most studies indicated that first-year survival was generally the lowest, with adult 
survival higher. Regarding little brown bat specifically, O’Shea et al. (2004) reported annual 
survival rates of 0.82 for adult males and 0.71 for adult females in a banding study in Ontario 
(Keen and Hitchcock 1980), and 13–49 percent survival in the first year after banding and 54–86 
percent survival in subsequent years for a banding study in Indiana and Kentucky (Humphrey 
and Cope 1976). O’Shea et al. (2004) also noted that previous studies of bat survival may not 
address biases that are inherent in such studies, including: (1) injuries caused by bands placed on 
bats, (2) decreased survival of bats banded at hibernacula, due to arousal caused by banding 
activities that reduces a bat’s energy reserves, and (3) ad hoc survival estimates that are 
incorrectly calculated and/or based on incorrect assumptions such as a constant rate of survival 
and/or constant rate of recapture. Further, the authors recommended that recent modeling 
methods be used as opposed to ad hoc intuitive regression, life tables, and other approaches to 
estimating populations. 
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For little brown bats, banding studies have provided estimates of overall annual survival rates. 
For example, annual survival of individuals at a hibernaculum was 71 percent for females and 
82 percent for males over a 15-year study in Ontario based on band recoveries (Keen and 
Hitchcock 1980). A 16-year study of both summer and winter populations in Indiana and 
Kentucky found that survival was low in the first year after banding (13 to 49 percent), but 
higher in subsequent years (54 to 86 percent) (Humphrey and Cope 1977). A 15-year study in the 
Northeast estimated first year survival of female little brown bats at 23 to 46 percent, and adult 
survival of 63 to 90 percent (Frick et al. 2010a).  

Recruitment rates in little brown bat populations are difficult to estimate. However, in the 
decades prior to the emergence of WNS, populations in the northeast were stable or slightly 
increasing (Frick et al. 2010b). Recent evidence indicates that WNS has reduced reproductive 
rates in addition to causing direct mortality, with the juveniles declining from 60 percent of mist-
net captures to 20 percent (Francl et al. 2012). It is unclear if reduced reproductive rates are 
caused by difficulty in finding mates or are a consequence of reduced physiological condition of 
females that may be affected by WNS.  

3.4.3.3 Hibernation 

Little brown bats require winter roosts (hibernacula), summer day-roosts, and summer night-
roosts. Movement among these features occurs on a seasonal (e.g., hibernacula to summer areas) 
or daily basis (e.g., daytime roosts to nighttime roosts). Hibernacula are most commonly in caves 
or mines, while a wide variety of natural and man-made structures are used as day- and night 
roosts. In August and September, prior to hibernation, adult little brown bats rapidly increase 
their body mass by about 30 percent, or 2 grams (Kunz et al. 1998). The amount of fat gained in 
this period varies among age groups, sexes, and geographic area (Ewing et al. 1970; Kunz et al. 
1998). When outside temperatures drop and insects become scarce, little brown bats enter 
hibernation in thermally stable caves and mines with high humidity. The timing of the onset of 
hibernation varies throughout their range due to differences in temperature and the length of the 
hibernation season (Humphries et al. 2002). 

Little brown bats appear to select hibernacula with high humidity and relatively stable, cool 
temperatures that are above freezing (Fenton 1970; Hitchcock 1949; Humphrey and Cope 1976). 
Ideal hibernacula have relatively stable temperatures, typically between 2°C and 12°C (Boyles 
and Willis 2009; Humphries et al. 2002; Thomas et al. 1990). Upon entering hibernation, body 
temperatures drop to close to ambient cave temperatures while the bat is torpid (Geiser 2004). At 
this low body temperature, metabolic rates decrease to 5 to 30 percent of basal metabolic rates, 
conserving critical energy stored as fat (Geiser 2004; Thomas et al. 1990). During the 
hibernation period, individual bats periodically arouse for reasons that are not entirely 
understood (Boyles and Willis 2009; Geiser 2004; Thomas et al. 1990). Arousals may function to 
excrete metabolic waste, sleep, or drink (Thomas and Geiser 1997). Arousal may also boost 
immune responses to various pathogens or foreign irritants (Prendergast et al. 2002). Healthy 
little brown bats arouse from torpor every 12 to 15 days (Brack and Twente 1985; Thomas 1995; 
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Twente et al. 1985); however, more recently, Reeder et al. (2012) placed temperature-sensitive 
dataloggers on hibernating little brown bats in the northeastern U.S. and determined an average 
of 16.32 ± 6.65 days between arousal events for healthy bats. Although arousal bouts typically 
account for less than 1 percent of the total duration of hibernation, arousal accounts for 80 to 95 
percent of energy expenditure during hibernation (Boyles and Brack 2009; Dunbar and Tomasi 
2006; Thomas et al. 1990). Because bats fly and must limit their body weight, they are 
constrained in the amount of fat gained prior to hibernation (Humphries et al. 2002; Kunz et al. 
1998; Thomas et al. 1990). Little brown bats may have excess body fat reserves to aid winter 
survival during unexpected increased amounts of arousals or temperature profile changes in the 
hibernaculum (A. Kurta pers. comm.). Individuals may be able to survive a certain number of 
arousals up to a threshold after which their survival rate decreases substantially (Boyles and 
Brack 2009). Females have the additional burden of producing offspring and sufficient fat 
reserves at the end of hibernation are important for successful ovulation and gestation (Krulin 
and Sealander 1972; Kunz et al. 1998; Polskey and Sealander 1979). 

3.4.3.4 Spring Staging and Emergence 

In northern regions, little brown bats emerge from hibernation in mid-May, while more southern 
populations emerge in mid-March (Fenton and Barclay 1980). Although little brown bats mate in 
the fall, ovulation and fertilization occur shortly after females awaken in the spring (Krulin and 
Sealander 1972). After emergence, little brown bats migrate to summer habitat. 

3.4.3.5 Migration 

After emerging from hibernation, little brown bats migrate from winter hibernacula to summer 
habitat. Banding studies indicate that bats migrate as far as 455 kilometers (282 miles) to 
summer roosts over the course of several days (Davis and Hitchcock 1965; Fenton 1970; Griffin 
1970; Humphrey and Cope 1976). During migration, bats will occupy a variety of transient 
roosts before arriving at their destination (Fenton and Barclay 1980).  

Little brown bats appear to radiate outward from hibernacula during migration, rather than move 
primarily north or south (Davis and Hitchcock 1965; Fenton 1970; Griffin 1970; Humphrey and 
Cope 1976). For example, little brown bats hibernating in southern Vermont were subsequently 
found in New Hampshire, Massachusetts, Rhode Island, Connecticut, and New York (Davis and 
Hitchcock 1965). Females generally leave the hibernacula and begin migration before males 
(Davis and Hitchcock 1965). As male little brown bats typically roost in small groups or 
individually, away from nursery colonies, males are typically more dispersed on the landscape 
during the summer than females (Fenton and Barclay 1980). Less is known about male little 
brown bat migration behavior due to their small summer congregations. In general, males 
probably migrate shorter distances than females, but individuals of both genders may migrate 
short or long distances (Davis and Hitchcock 1965). For example, adult male little brown bats 
have been captured outside of known hibernacula in mid-summer, suggesting that some males 
may migrate short distances from their hibernacula (Davis and Hitchcock 1965). 
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3.4.3.6 Summer Life History 

As little brown bats arrive in their summer ranges, they segregate into maternity and bachelor 
colonies. Maternity colonies consist of reproductive female bats that roost in barns, attics, tree 
cavities and other dark, warm, undisturbed places (Burnett and August 1981; Crampton and 
Barclay 1998; Davis and Hitchcock 1965; Kalcounis and Hecker 1996). Colony size can range 
from tens to hundreds of individuals. Females demonstrate a high degree of roost fidelity, with 
adult females typically returning to their natal roosts in the summer (Frick et al. 2010a; Reynolds 
1998). Females tend to select maternity roosts with warm microclimates, likely to optimize 
gestation and postnatal growth of offspring (Baptista et al. 2000; Davis and Hitchcock 1965; 
Fenton 1970; Humphrey and Cope 1976; Kunz and Anthony 1982).  

Individual roosts are selected opportunistically, “taking shelter in any sites with appropriate 
microclimates, and quickly locating and exploiting new roosts” (Fenton and Barclay 1980). 
Flexible behavior may have led to the overall success of this species in exploiting fragmented 
agricultural landscapes (Henderson et al. 2009) and suburban areas with buildings that are 
frequently occupied during warm months. However, continued fragmentation of landscapes into 
smaller habitat patches may have adverse effects on little brown bat populations. In areas where 
roosting opportunities are not abundant, such as newer buildings or the lack of suitable roost 
trees, decrease or loss of small forest patches may adversely affect roosting opportunities for 
little brown bats (Kalcounis et al. 1999). Foraging opportunities may become more limited with 
increased habitat fragmentation because insects may be more abundant in intact forest stands and 
on the edges of mature forest (Patriquin and Barclay 2003).  

Relative to females, less is known about male roosting patterns. Adult males typically do not 
roost with reproductive females, but instead occupy separate roosts in smaller groups. Their 
roosts also tend to be cooler than those used by reproductive females. Indeed, males may use 
hibernacula during summer, but must make extensive use of torpor (Davis and Hitchcock 1965) 
to help balance daily energy budgets, an option not available to reproductive females, who tend 
to seek warm summer roosts to facilitate efficient growth and development of offspring 
(Zahn 2006).  

Little brown bats feed primarily on small (3 to10 millimeters) aerial insects (Anthony and Kunz 
1977). The most common prey items are species in the orders Diptera, Lepidoptera, Coleoptera, 
Thrichoptera, Ephemeroptera, and Neuroptera with the frequency roughly proportional to their 
availability in foraging areas (Anthony and Kunz 1977). In many areas, little brown bats feed 
over open water and at the edges of forests (Anthony and Kunz 1977; Barclay 1991; Belwood 
and Fenton 1976; Fenton and Bell 1979; Saunders and Barclay 1992; Clare et al. 2011). 
However, foraging habitats can vary depending on intraspecific competition and flight ability. 
Juveniles tend to prefer foraging in clearings or open forest roads, whereas adults will forage in 
more cluttered environments (Crampton and Barclay 1998; van Zyll de Jong 1985). Adults also 
forage in open areas when bat density is high (Adams 1997). 
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Little brown bats often engage in two or more feeding bouts per night, using night roosts to rest 
and digest between bouts (Anthony and Kunz 1977; Anthony et al. 1981; Kunz 1980). The 
foraging range for pregnant little brown bats can exceed 30 hectares (74.1 acres), but this range 
decreases during lactation when females return to the roost to nurse young between foraging 
bouts (Henry et al. 2002). In New Hampshire, pregnant little brown bats consume an average of 
2.5 grams (0.088 ounce) of insects during their first foraging bout, while lactating bats consume 
3.7 grams (0.130 ounce) and juveniles consume 1.8 grams (0.063 ounce) (Anthony and Kunz 
1977). During peak energy demands, lactating females may consume 7 grams (0.247 ounce) of 
insects each night, an amount approximately equal to their own body mass (Kunz 1980; Kurta 
et al. 1989). 

3.4.3.7 Home Range 

The foraging range for pregnant little brown bats can exceed 30 hectares (74.1 acres), but this 
range decreases during lactation when females return to the roost to nurse young between 
foraging bouts (Henry et al. 2002). For male little brown bats in New Brunswick, Canada, the 
average distance between successive roosts was 275 meters (902 feet), and the total roosting 
home range was 4 hectares (9.88 acres) (Broders et al. 2006). Foraging areas were just 254 
meters (833 feet) from roosting areas, and foraging areas covered 52 hectares (128.5 acres) 
(Broders et al. 2006). 

3.4.3.8 Fall Swarming and Roosting 

In the fall, little brown bats return to hibernation sites where they engage in swarming behavior, 
in which large numbers congregate outside hibernacula and mate (Davis 1964; Davis and 
Hitchcock 1965; Fenton 1969; Hall and Brenner 1968; Kunz et al. 1998; Schowalter 1980; 
Thomas et al. 1979). During swarming, approximately August to October, bats copulate with 
multiple partners, and males sometimes mate with torpid females throughout the hibernation 
period (Thomas et al. 1979). Some bats may engage in swarming at one site and then hibernate at 
another site (Fenton 1969; Thomas et al. 1979), thus, swarming activity leads to genetic mixing 
among roosting and hibernating colonies (Carmody et al. 1971). Females may be reproductively 
active during their first year, but males are not sexually mature until their second year 
(Thomas et al. 1979). 

3.4.4 Threats  

This section describes past and ongoing population-level threats to little brown bats. Potential 
threats of climate change and a general discussion of WNS are described in Sections 3.1.1 
and 3.1.2.  

3.4.4.1 Habitat Loss 

Habitat removal of little brown bat habitat may also adversely affect populations. Little brown 
bats roost and forage in forested areas (Fenton and Barclay 1980). Commercial timber harvesting 
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can negatively affect little brown bat activity (Parker et al. 1996; Cheever and Balster 2004). 
Additionally, conversion of wetlands and riparian zones to other uses such as agricultural, 
residential, and commercial development may impact little brown bats by removing or altering 
roosting and foraging habitat and altering the connectivity among these habitats (Lookingbill 
et al. 2010).  

3.4.4.2 Human Disturbance and Vandalism 

Little brown bats are most sensitive to disturbance during hibernation (Thomas 1995), which can 
cause bats to burn crucial fat reserves and may lead to starvation and death. Disturbance of 
breeding colonies can cause young to lose their grasp and fall to their death. Disturbance may be 
classified as intentional, as with deliberate destruction of bat colonies or habitat, or unintentional, 
as with indirect actions that reduce survival or reproduction. Intentional destruction includes 
trapping, shooting or burning bats for sport, scientific collection, rabies control, or to make caves 
more attractive to tourists (Johnson et al. 1998). In some cases, entire shafts or caves can be 
destroyed to the detriment of bats (Agosta 2002). Indirect destruction of bats can occur when 
people install lights in caves or alter cave entrances for extractive, tourist, or safety reasons 
(Johnson et al. 1998). Even individual visitors may unwittingly impact roosting bats by visiting 
an active hibernaculum. Human visitation and the accompanying sound and light can arouse 
hibernating bats, depleting their fat stores. Repeated disturbances consume their energy reserves 
before insect food sources emerge in the spring, causing starvation and death.  

3.4.4.3 Pesticide, Insecticides, and Pollution 

The effects of pesticides and insecticides on bats is not fully understood, however, it is known 
that bats are susceptible to chemicals and can have immediate and long term effects (Kurta 2008, 
Schmidt et al. 2002). The use of chemicals in agriculture impact the insects that bats forage upon 
by decreasing their numbers and causing the bioaccumulation of chemicals within bats, as well 
as chemical accumulation in water sources (O’Shea and Clark 2002, Schmidt et al. 2002). 
Bioaccumulation of insecticides have been found in Indiana bats and other Myotis species and 
can be stored in fat and later when those fat reserves are utilized during hibernation and 
reproduction can have negative impacts by either killing the bat directly or negatively impact 
either the adult or young (Clark et al. 1978, O’Shea and Clark 2002). In other cases bats that 
were exposed to spraying events have been shown to become disoriented and have impaired 
coordination for a day or more. When bats have been exposed to chemicals, even in non-lethal 
levels, results have included increased metabolic rate and food intake and decreased reproductive 
success (O’Shea and Clark 2002). 

Pesticides and pollutants can affect little brown bats by reducing their insect food supply and by 
direct poisoning (Kunz et al. 1977). Pesticide spraying for agricultural and residential use can 
lead to toxic effects on little brown bats (Anthony and Kunz 1977; Clark et al. 1978; Geluso et 
al. 1976, as cited in Fenton and Barclay 1980). Pollutants, such as PCBs, also can have toxic 
effects on little brown bats and their prey (Fenton and Barclay 1980). Other chemicals and 
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industrial byproducts, such as cyanide and mercury, that enter water bodies where little brown 
bats forage can affect insect prey base and adversely affect bats (Driscoll et al. 2007). Mining, 
among other activities, can introduce cyanide to bats (Helfferich 1991). Increased levels of 
persistent organic pollutants (e.g., PCBs) that accumulate in lipid tissues of bats during summer 
are mobilized during winter hibernation and are hypothesized to exacerbate the conditions under 
which bats are susceptible to WNS (Kannan et al. 2010). 

3.4.4.4 Natural Factors 

Several natural factors pose a threat to little brown bat populations during hibernation, including 
collapse, subsidence, freezing, and flooding of cave hibernacula. Collapse of cave entrances and 
passageways restrict access to hibernacula and can alter airflow and microclimate. Although 
caves are generally structurally sound and collapse is infrequent, collapse and subsidence is more 
of a risk within abandoned mines.  

The emerald ash borer (Agrilus planipennis; EAB), an invasive insect, can cause nearly 100 
percent mortality of ash stands regardless of density, size, habitat or diversity of ash trees (USFS 
2010). Although little brown bats do not rely exclusively on ash trees for roosting habitat, the 
effects of EAB may increase potential roosting sites, although research has not yet been 
conducted on this topic. 

3.4.4.5 Collision Mortality at Wind Facilities 

An unpublished database of bat fatalities maintained by WEST indicates that little brown bats 
make up 10 percent of 6,954 bat fatalities recorded at wind turbine sites between the mid-1990s 
and 2012, while all other Myotis species account for about 1 percent. The percent composition 
of little brown bats in the pool of fatalities in the Plan Area is 3.8 percent (339 out of 8,934) 
(see Section 4.4.2.2.1). Little brown bat fatalities have been documented in the spring, summer, 
and fall. 

One reason little brown bats are encountered more often during carcass searches than other 
Myotis species may be their foraging habits; while little brown bats commonly forage low over 
water or along forest edges, they also forage in open areas (Adams 1997; Anthony and Kunz 
1977; Kurta 1982b; Crampton and Barclay 1998; van Zyll de Jong 1985). Although their low-
altitude foraging behavior may limit their exposure to wind turbines, little brown bats are much 
more common in many parts of their range than most other Myotis species, such as northern 
long-eared bat and eastern small-footed bat, which could explain why they are killed more often.  

At wind energy facilities, little brown bats fatalities have been found more often than other 
Myotis species, but little brown bats are found less often than migratory bats. Little brown bats 
migrate shorter distances than tree bats such as eastern red bats (Lasiurus borealis), hoary bats 
(L. cinereus), and silver-haired bats (Lasionycteris noctivagans) (Kunz et al. 2007) that have 
higher fatality numbers at wind turbines. The shorter migration distances may reduce exposure of 
little brown bats to wind facilities relative to these other species (Arnett et al. 2008). Little brown 
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bats mate at hibernacula (Thomas et al. 1979), while tree bats may mate during migration (Cryan 
and Brown 2007) and this behavioral difference may also reduce little brown bat exposure to 
wind facilities, especially if turbines are used as focal areas for mating by migratory tree bats as 
has been suggested (Cryan 2008).  

3.4.4.6 White-Nose Syndrome 

It has been estimated that WNS killed more than one million little brown bats (or approximately 
15 percent of the estimated pre-WNS regional population) between 2006 and 2009 
(USFWS 2012c). For 42 sites in the states of New York, Pennsylvania, Vermont, Virginia, and 
West Virginia, the cumulative decline of little brown bats from pre-WNS estimates was 91 
percent (Turner et al. 2011). Frick et al. (2010b) estimated that the annual mean mortality for 
little brown bat populations in affected caves is 30 to 99 percent annually, with a regional mean 
of 73 percent, while Turner et al. (2011) found declines that ranged from 79 to 99 percent by 
state. For example, Aeolus Cave in East Dorset, Vermont once supported approximately 300,000 
little brown bats in winter, or nearly 4 percent of the entire population (Hitchcock 1965). 
However, by 2010 the population had decreased by more than 90 percent at this hibernaculum. 
Similarly, the little brown bat population at Graphite Mine in Hague, New York has declined 
by 99 percent, from 185,000 to less than 2,000 (Kunz and Reichard 2010). Similar declines 
have occurred at other northeastern caves within the short period since the first infection (Turner 
et al. 2011). Recent reports indicate that populations in New York, Vermont, Connecticut, and 
Massachusetts have stabilized at about 2 to 20 percent of the pre-WNS population size (Langwig 
et al. 2012). Population stabilization apparently was facilitated by increases in the number and 
fraction of little brown bat roosting individually after populations declined, which likely resulted 
in each bat having fewer neighbors during hibernation and hence reduced pathogen exposure 
(Langwig et al. 2012).  

3.4.5 Environmental Baseline  

At the end of the twentieth century the little brown bat was widespread and abundant with, by all 
indications, a stable population (Frick et al. 2010b). However, the onset of WNS has changed the 
environmental baseline for little brown bats, most notably in the northeastern U.S. where WNS 
has been present for at least 6 years. The annual mortality in affected caves is 30 to 99 percent, 
with a mean of 73 percent (Frick et al. 2010b). Based on this trend, the little brown bat may be 
extirpated from its core range by 2026 (Frick et al. 2010a, 2010b). More recent data indicate that 
populations in New York, Vermont, Connecticut, and Massachusetts have stabilized, although at 
only 2 to 20 percent of the previous population size (Langwig et al. 2012). The reduced 
population decline may be because colonies have become small, sparse clusters of bats, which 
provide fewer opportunities for the fungus that causes WNS to be transmitted. Another potential 
explanation is that the surviving individuals in WNS-affected areas may harbor a natural 
resistance to the fungus that is being passed on to offspring.  
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Land use changes may also affect little brown bat populations. Forest clearing may create 
additional edge habitat, which little brown bats may exploit as foraging habitat. Although early 
research indicated that approximately 6 percent of fatalities at wind facilities were little brown 
bats (Arnett et al. 2008), more recent surveys suggest that the share may exceed 25 percent in 
some areas (Gruver et al. 2010;). Furthermore, WNS-affected bats could be more susceptible to 
death by turbine collision or barotrauma because wing damage due to WNS may compromise 
their ability to avoid operational turbines (Reichard and Kunz 2009). Also, the construction of 
wind turbines can create additional edge habitat, which may attract foraging bats and increase 
collisions at wind facilities. However, there is significant uncertainty about the effect of wind 
facilities on little brown bat populations, as fatalities vary by site and may be influenced by 
geographic variation, the habitat in which the wind turbines are sited, and other factors. 
Scientific understanding of baseline summer population dynamics of little brown bats is limited, 
making it difficult to assess the impact of fatalities at wind facilities (Arnett et al. 2011). 

3.5 KIRTLAND’S WARBLER 

3.5.1 Species Description  

Kirtland’s warbler is among the largest of the North American wood warblers (Family: 
Parulidae) and the largest of the recently expanded genus Setophaga (Chesser et al. 2011); it is 
nearly 6 inches (15 centimeters) tall and weighs about 0.5 ounces (14 grams) (Mayfield 1960; 
Walkinshaw 1983; Dunn and Garrett 1997). Breeding males are distinctive with bluish gray with 
dark streaks above, and bright yellow below with dark streaks or spots along the flanks. The 
coloration of males becomes brighter with age (Probst et al. 2007). The male also has black in 
front and below the eye appearing as a black face mask, and bright white crescents above and 
below the eye. The female lacks the black mask and is similarly colored but paler. Juvenile birds 
are grayish brown with characteristically splotched breast and underbelly. The post-breeding 
molt begins in mid- to late summer, causing the male’s plumage to become more brownish, 
which makes it difficult to distinguish males from females and adults from hatch-year birds 
(Sykes et al. 1989). Adult birds also undergo one partial, pre-breeding molt (body feathers only) 
on their wintering grounds between February and April (Mayfield 1992). Juveniles experience a 
post-juvenal molt beginning at age 26 days and lasting until the approximate age of 43 days 
(Mayfield 1992). A typical behavior that distinguishes the species from other gray-backed 
warblers is the persistent tail pumping, or bobbing (Mayfield 1992).  

3.5.2 Species Status and Occurrence  

3.5.2.1 Listing Status 

Kirtland’s warbler was initially listed as an endangered species on March 11, 1967 pursuant to 
the Endangered Species Preservation Act of October 15, 196611. No critical habitat rules have 

                                                 
11 80 Stat. 926, 16 United States Code [U.S.C.], 668aa (c)) (32 Federal Register [FR] 4001 
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been published for the Kirtland's Warbler. The Kirtland’s Warbler Recovery Plan was prepared 
for the USFWS in 1976 and updated in 1985 (Byelich et al. 1985). The most recent USFWS 5-
Year Review was published in 2012 (USFWS 2012d). The Kirtland’s warbler was state-listed as 
endangered in Michigan in 1976. The species is currently proposed to be listed as endangered by 
the State of Wisconsin.12 Specific reasons for listing include small population size, a small and 
restricted range, the species’ reliance on narrow habitat niche and specific habitat requirements, 
the fact that its primary breeding habitat is subject to direct or indirect modification from human 
actions, and because of substantial population reductions as a result of habitat modification.  

3.5.2.2 Range and Population Status 

Kirtland’s warbler summer breeding range is centered in the northern part of Michigan’s Lower 
Peninsula with small outlying occurrences in Michigan’s Upper Peninsula, Wisconsin, and 
southern Ontario. Its winter range is centered in The Bahamas with small outlying occurrences in 
the Dominican Republic, northern Mexico, Bermuda, and Cuba. Migrants are found throughout 
the Southeast, Midwest, and Middle Atlantic states with occasional occurrences in the Northeast 
states and southern Ontario. 

First described in 1852, the species has never been known to be abundant and is limited to a 
narrow strip of jack pine forests on the sandy outwash plains left by the Wisconsin Ice Sheet. 
Kirtland’s warbler has a localized distribution, dictated by the distribution of its specialized 
breeding habitat, young jack pine (Pinus banksiana) forest, and susceptibility to nest parasitism 
by brown-headed cowbird (Molothrus ater). Mayfield (1960) described an apparent population 
peak during the late 1800s resulting from ideal habitat conditions caused from agricultural 
burning and logging, which allowed for new regeneration of jack pine forest. This apparently 
also corresponded with a period of favorable habitat conditions on the species’ wintering 
grounds in The Bahamas (Sykes and Clench 1998). However, by the early part of the twentieth 
century, agriculture was gradually being replaced with industrial tree farming and systematic fire 
suppression across the species’ breeding range. As a result, early successional jack pine forest 
suitable for Kirtland’s warbler declined to an estimated 100,000 acres (Mayfield 1960) and likely 
resulted in substantial population declines. This reduction in the extent of suitable habitat also 
corresponded with an increase of the brown-headed cowbird population within the range of 
the Kirtland’s warbler. By the late 1920s, the Kirtland’s warbler populations had declined 
substantially and the species occupied only a fraction of the available habitat within its range 
(Mayfield 1960; USFWS 2012d). By the time of the passing of the Endangered Species 
Preservation Act in 1966, Kirtland’s warbler was widely recognized as one of North America’s 
rarest birds. It was therefore included on the first endangered species list pursuant to the first 
endangered species legislation enacted by the U.S. Department of the Interior.13 

                                                 
12 http://dnr.wi.gov/topic/EndangeredResources/documents/ER-27-11.pdf. 
13 80 Stat. 926, 16 U.S.C. 668aa(c). 
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3.5.2.3 Breeding Range 

The distribution of Kirtland’s warblers across their breeding range is clumped and reflects a 
population collapse to the center of the breeding range in the 1960s. Until 1995 the breeding 
range of Kirtland’s warblers was restricted to the northern part of Michigan’s Lower Peninsula. 
More than 98 percent of all singing males have been counted in northern Lower Michigan since 
monitoring began in 1951 (Michigan DNR unpublished data cited in USFWS 2012d). The core 
of the breeding range is located in five counties in northern Lower Michigan (Ogemaw, 
Crawford, Oscoda, Alcona, and Iosco), which harbor the majority of singing males (nearly 33 
percent of males were counted in Ogemaw County alone and approximately 15 percent in just 
one township (Michigan DNR unpublished data) (Figure 3-7).  

Since 1995 the bird’s breeding range has expanded to Michigan’s Upper Peninsula, and more 
recently to portions of Wisconsin and southern Ontario. Nesting was first documented in 
Wisconsin in 2007. Since 2007, Kirtland’s warblers have been monitored in Wisconsin 
(USFWS 2012e). Documented occurrences in Wisconsin have ranged from eight singing males 
in 2008 to at least 24 singing males in five counties in 2012. Nineteen singing males were 
documented in 2015. Nesting has been documented in Ontario, Canada since 2007.  

The USFWS 5-Year Review refers to the species as having the most geographically restricted 
distribution of any mainland bird in the continental U.S. (USFWS 2012d). Its current breeding 
range includes an eight-county area in northern Lower Michigan, one county in Michigan’s 
Upper Peninsula, a five-county area in Wisconsin, and a small portion of Ontario, Canada 
(Figure 3-7). The core breeding grounds include an area of about 100 miles long and 60 miles 
wide in a five-county area of north-central Michigan. While the distribution has expanded since 
2007, records in newly occupied areas in the Upper Peninsula, Wisconsin, and Ontario are 
relatively few and represent only 2 percent of the total number of reported occurrences since 
1951. In 2011, the number of singing males in Wisconsin (n=21, USFWS 2012e), Ontario (n=2), 
and the Upper Peninsula (n=34) represented 3 percent of the total male population (Michigan 
DNR unpublished data cited in USFWS 2012d). 

3.5.2.4 Winter Range and Migration 

The Kirtland’s warbler is a neotropical migrant that migrates between its nesting grounds in 
Michigan and wintering grounds in the Bahamas (USFWS 2012d). Migration to winter range 
typically occurs during late August and early September and the species and typically return to 
its breeding grounds in May (USFWS 1985a). The species probably migrates as single 
individuals (Sykes et al. 1989) rather than in groups, traveling from The Bahamas through 
Florida, South and North Carolina, western Virginia, West Virginia, Ohio and southern Michigan 
(see Figure 3-8. There is little evidence for a fixed Kirtland’s warbler migration route or routes 
(Clench 1973). Based on spring migration records, most birds probably migrate along a direct 
south-southeast route (Potter and Radovsky 1992), which would be a nearly direct route from 
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Figure 3-7. Frequency of Kirtland’s Warbler Singing Males Counted per Township, 

2000-2011 

The Bahamas to Michigan. Most spring migration records are from Michigan, Ohio, Ontario, 
Indiana, and Illinois, while spring migration records from coastal states are less common, 
including those from South Carolina, Georgia, and Florida. Observations of fall migrants are 
mostly reported from Ohio, South Carolina, Florida, North Carolina and Virginia (Clench 1973). 
However, multiple migration routes are possible. Hunter et al. (1993) suggested that the Atlantic 
and Florida coastlines are important for Kirtland’s warblers during migration. Walkinshaw 
(1983) provides an extensive list of spring and fall sightings through the early 1980s. An 
updated map of migration locations was provided in the 5-Year Review (USFWS 2012d) 
(see Figure 3-8). 

Wintering Kirtland’s warblers have been reported on all islands in The Bahamas archipelago 
with Eleuthera Island supporting the largest known population (Ewert et al. 2009). A few records 
have also been reported from the Dominican Republic and northern Mexico, and most recently 
from Bermuda and Cuba (Haney et al. 1998; Amos 2005; Isada 2006; Ewert et al. 2009). On the 
wintering grounds, the species prefers short, dense, shrubby vegetation, occasionally with a 
Caribbean pine overstory. Kirtland’s warblers depart from their wintering grounds in The 
Bahamas from mid-April to early May (Mayfield 1992; USFWS 2012d), possibly triggered by 
March rainfall and food abundance in The Bahamas (Rockwell unpublished data cited in 
USFWS 2012d; Studds and Marra 2011). Young of the year probably initiate fall migration 
earlier than adults (Sykes et al. 1989). 

  



Affected Environment and Biological Resources Chapter 3 

Midwest Wind Energy Multi-Species Conservation Plan April 2016 
Public Review Draft Page 3-49 

 

Figure 3-8. Fall and Spring Kirtland’s Warbler Migration Records   
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3.5.3 Life History and Habitat Requirements 

3.5.3.1 Life History 

Most male Kirtland’s warblers arrive on the breeding grounds between May 1 and May 18 
(Mayfield 1960; Petrucha and Carlson 2011), approximately a week ahead of females. Pair 
formation normally begins within one week after arrival (Mayfield 1992). Nesting birds form 
characteristic colonies or breeding clusters in suitable nesting habitat (see Section 3.6.3). 
Kirtland’s warblers are ground-nesters and their cup-shaped nests are buried 1.1 to 1.6 inches 
(2.9–4.1 centimeters) deep in duff (Van Tyne 1953). Nests are preferentially placed towards the 
center of territories (Bocetti 1994) and are concealed by grasses and other low vegetation 
(Southern 1961; Mayfield 1992) 10–30 centimeters in height. Females lay clutches of four or 
five buff or pinkish-white eggs with brown spots (Orr 1975; Walkinshaw 1983). Males and 
females are both involved in the nesting, incubation, and feeding of young. Incubation lasts for 
13 to 16 days, and young fledge eight to 12 days after hatching. Both parents continue to feed the 
young for 29 to 44 days (Walkinshaw 1983). 

Kirtland’s warblers are typically polygynous, but monogamous pairs are also observed. Males 
may establish and maintain multiple territories, and may opportunistically change mating status 
from year to year (Bocetti 1994). Probst and Hayes (1987) observed that females appeared to 
prefer paired males in high-quality habitat over solitary males in marginal habitat. Habitat 
condition may determine the degree of polygyny: Bocetti (1994) found that males in wildfire-
generated stands had more mates than those in plantations. Typically, a higher proportion of 
males are unmated in plantation stands, compared to wildfire stands. In wildfire stands, 8 percent 
of males were unmated and 22 percent had two females (Bocetti 1994). In plantations, 28 percent 
of males were unmated and only 6 percent had 2 females (Bocetti 1994). Data collected in 2007, 
2008, and 2009 shows fewer than 10 percent of males were unmated in plantations (Rockwell 
unpublished data cited in USFWS 2012d), indicating possible improvements to management 
techniques. Kirtland’s warblers may re-nest 5 to 6 days after a previous nest failed with an 
average interval between successive nesting attempts of 6.75 days (Mayfield 1960; Bentz et. al 
1968). 

3.5.3.2 Food Habits 

Kirtland’s warblers are primarily insectivorous. The species forages chiefly near the ground and 
in lower parts of pines and oaks. The predominant foraging behavior is gleaning pine needles, 
leaves, and ground cover, occasionally making short flights, hover-gleaning at terminal needle 
clusters, and capturing flying insects on the wing. The Kirtland’s warbler’s diet includes a wide 
variety of prey items, including various types of larvae, moths, flies, beetles, grasshoppers, ants, 
aphids, spittlebugs, blueberries, pine needles, and pitch from jack pine (Mayfield 1960; 
Walkinshaw 1983; Fussman 1997; DeLoria-Sheffield et al. 2001). During July to September, 
homopterans (primarily spittlebugs), hymenopterans (primarily ants) and blueberries are the 
predominant food items, reflecting the availability of diet items during the breeding season 
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(DeLoria-Sheffield et al. 2001). At the time broods reach the fledging stage, arthropods dominate 
the species’ diet (Fussman 1997). Fussman (1997) note that planted and wildfire-regenerated 
habitat were extremely similar in terms of arthropod diversity, abundance, and distribution, 
suggesting that current habitat management techniques are effective in simulating the effects that 
wildfire has on food resources for Kirtland’s warblers.  

In the wintering grounds in The Bahamas, Kirtland’s warblers feed on insects and small fruits. 
There is a direct correlation between fruit availability and Kirtland’s warbler density on the 
wintering grounds (Wunderle et al. 2010), where the species consumes fruits, primarily those of 
wild sage (Lantana involucrate), but also snowberry (Chiococca alba) and black torch (Erithalis 
fruticosa). Browsing by domestic goats (Capra hircus) may reduce shrubs that compete with 
wild sage and black torch, resulting in habitat patches with high concentrations of these fruiting 
species (Ewert et al. 2009). 

3.5.3.3 Movement/Home Range 

On the breeding grounds, territories are arranged in clusters or colonies. Colony size changes 
with the age and maturity of jack pine trees. Initially, colonies tend to grow quickly (Ryel 1979; 
Probst 1986) and typically reach peak population size when jack pine trees are between seven 
and 10 years (Probst and Weinrich 1993; Walkinshaw 1983; Baker 1989). Colony growth likely 
depends on recruitment of 1-year-old Kirtland’s warblers from other colonies (Ryel 1979). A 
pair of Kirtland’s warblers requires at least eight acres of dense young jack pine forest to nest, 
but often 30 to 40 acres is needed to raise their young. Territories are close enough that singing 
males can be heard on neighboring territories and inter-territorial distance may vary from 883 to 
1,713 feet (269–522 meters), depending on habitat characteristics (Zou et al. 1992). Male 
territory size can vary among habitats, typically ranging from 1.5 to 21 acres (0.6–8.48 hectares) 
and often declines with colony size (Mayfield 1960; Smith 1979; Walkinshaw 1983). Territory 
fidelity among males is high (Mayfield 1960; Berger and Radabaugh 1968; Walkinshaw 1983). 
Limited data suggest that Kirtland’s warblers use territories of about 20 acres (8 hectares) on the 
wintering grounds (Sykes and Clench 1998; Radabaugh 1974).  

3.5.3.4 Demographics 

In 1951, comprehensive surveys for Kirtland’s warbler began, allowing for regular measurement 
of population trends through time (Probst et al. 2005). A range-wide survey, which included 
eight counties in northern Lower Peninsula Michigan, was conducted in 1951 and was repeated 
in 1961 and 1971. Following 1971, the survey has been conducted annually without any breaks 
(Huber et al. 2011). The first survey in 1951 documented a population of 432 singing males. By 
1971, the population was reduced to about 200 singing males, where it remained relatively 
consistently through about 1989. By 1990, populations began to increase dramatically and by 
2012 a record population of 2,090 singing males was reported (see Figure 3-9). 
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Figure 3-9. Kirtland’s Warbler Singing Male Range-Wide Survey Results:  

1951, 1961, and 1971–201214 
 
In general, population declines and increases have been attributed primarily to changes in forest 
management and implementation of brown-headed cowbird control programs (Cuthbert 1966; 
Kelley and DeCapita 1982; Elbert and Mensing 2010). Brown-headed cowbird control began in 
1971 and forest management practices designed to enhance breeding habitat for Kirtland’s 
warbler began showing results by the late 1970s. USFWS (2012d) reports a 150 percent increase 
in available suitable habitat between 1979 and 2004 in the species’ range in the northern Lower 
Peninsula of Michigan. The amount of suitable habitat on the landscape has been closely 
correlated with Kirtland’s warbler population size (Donner et al. 2008). Average annual growth 
rate of the population of singing males from 1990 through 2011 was 9.8 percent, and per capita 
growth rates have remained stable despite a rapid increase in population size. This suggests that 
the species is currently not experiencing density-dependent negative feedback in population 
growth rates. Thus, there is no evidence that it could be approaching carrying capacity of the 
breeding habitat (Figure 3-9, Panel B). Over 7 percent of pairs were successful in raising two 
broods in a summer (Walkinshaw 1983). Where brown-headed cowbird parasitism is absent, 
Kirtland’s warblers often have high reproductive rates, fledging an average of 2.28 to 2.55 young 
each season (Walkinshaw and Faust 1975; Anderson and Storer 1976; Bergland 1983). Fledging 
rates can be as high as 3.11 to 4.75 nestlings/pair (Walkinshaw 1983; Orr 1975). Probst and 
Weinrich (1993) suggest male productivity to be lower by about 25 to 35 percent in marginal 
habitat compared to high-quality habitat due to reduced pairing success, delayed settlement time, 
and territory abandonment. There is no evidence that female age influences clutch size 
(Walkinshaw 1983) or reproductive output (Anderson and Storer 1976). 

                                                 
14 Source: USFWS data located at http://www.fws.gov/midwest/endangered/birds/Kirtland/Kwpop.html. 
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The species’ narrow habitat niche renders it vulnerable to chance events affecting habitat 
carrying capacity on islands of The Bahamas where the species winters (e.g., hurricane, 
fires, etc.). Various studies examined the structure of Kirtland warbler populations on the 
wintering grounds, where the species spends more than 40 percent of its life history (as opposed 
to 26 percent on the breeding grounds). Sykes and Clench (1998) suggested that the wintering 
population was structured as a metapopulation, but evidence presented by Probst et al. (2003) 
and genetic information (Elser 2000; King et al. 2005) suggests that the Kirtland’s warbler 
population exhibits panmictic rather than metapopulation demographic characteristics, which 
may increase its vulnerability to large-scale habitat loss on the wintering grounds. Wilson et al. 
(2012) provided indirect estimates of contemporary effective population sizes (Ne) for the 
Kirtland’s warbler and identified the impact that historic, low population sizes had on genetic 
variation of Kirtland’s warblers, due to their low numbers for several decades. Kirtland’s warbler 
populations may not be large enough to safeguard against the loss of evolutionary potential, and 
target population sizes would need to exceed 5,000 individuals (Wilson et al. 2012) in order to 
meet Ne=500 (Franklin and Frankham 1998), or even larger if Ne=5,000 (Lynch and 
Lande 1998). 

3.5.3.5 Breeding Habitat 

The Kirtland’s warbler breeding habitat consists of young, dense jack pine forests ranging in 
height from 5 to 18 feet. Virtually all nests have been found on Grayling soil, a series 
characterized by “very deep, excessively drained soils formed in sandy glaciofluvial deposits on 
outwash plains, deltas, kames, kame moraines, disintegration moraines and lake plains”.15 Due to 
its excessive draining and low nutrients, Grayling soils support predominantly jack pine, red pine 
(Pinus resinosa), occasionally in mixture with pin oak (Quercus palustris), with understories of 
low shrubs (e.g., blueberry [Vaccinium angustifolium], Juneberry [Amelanchier spp.], sweetfern 
[Comptonia peregrina]), grasses, sedges, and forbs that provide important forage and nesting 
cover for Kirtland’s warblers (Bocetti 1994; Kashian et al. 2003; Probst and Donner-Wright 
2003; Walkinshaw 1983).  

Kirtland’s warblers prefer to nest within jack pine stands that are 1,000 acres or larger. Kirtland’s 
warblers prefer to nest in forested patches of least 30 acres, but commonly occupy approximately 
80 acres or more, interspersed with small, grassy openings (Donner et al. 2008). Optimal habitat 
can been characterized as large stands composed of 8- to 15-year-old jack pines that regenerated 
after wildfires, with 35 to 65 percent canopy cover and more than 7,500 stems/hectares (Probst 
1988; Probst and Weinrich 1993). Trees must be spaced to allow sunlight penetration to lower 
branches and the ground, which helps in maintaining vegetation that conceal nests. Stands with 
less than 20 percent canopy cover are rarely used for nesting as they do not provide sufficient 
cover for nests (Probst 1988). Patch suitability is a function of age and succession (Probst 1988; 
Probst and Weinrich 1993; Probst and Donner-Wright 2003). Kirtland’s warblers begin nesting 
in stands as they reach about 5 feet high and when trees are about 8 years old, and they abandon 

                                                 
15 USDA Soil Survey, https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GRAYLING.html.  
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a site as the canopy closes, less light penetrates to the ground, lower branches start dying and 
individual trees begin self-pruning (at approximately 20 years of age, or 5 meters height) (Probst 
1988; Probst and Weinrich 1993; Probst and Donner-Wright 2003).  

Kirtland's warbler densities vary with habitat quality and stand age. In 1989 the density of 
Kirtland's warbler at Mack Lake Burn ranged from less than 1 male Kirtland's warbler per 
250 acres in sparse stands to 1 male Kirtland's warbler per 57 acres in stands with substantial 
cover (Nelson and Buech 1996). Kirtland's warbler density in 8- to 20-year old wildfire stands 
averaged about 1 male/47 acres, while density in 13- to15-year old wildfire stands averaged 
1 male/35 acres (Probst and Weinrich 1989). In some plantation habitats densities were about 1 
male/35 acres (Probst and Weinrich 1993). Mayfield (1962) reported that densities of 1 male/ 
82 acres were typical but that densities as high as 1 male/10 acres occurred in southeastern 
Oscoda County while densities as low as 1 male/296 acres were found in northwestern 
Montmorency and southwestern Presque Isle counties. 

Occupied stands are often structurally homogenous, resulting from wildfires, clearcuts and 
replanting, or are unburned-unplanted (Probst and Weinrich 1993). Kirtland’s warblers will use 
stands with significant components of red pine and pin oak (Mayfield 1953; Orr 1975; Byelich et 
al. 1985; Fussman 1997; Anich et al. 2011). While use of these areas in Michigan is rare and 
occurs for only short durations (Huber et al. 2001), Wisconsin breeding pairs have selected 
primarily red pine plantations that have experienced extensive red pine mortality and substantial 
natural jack pine regeneration (Anich et al. 2011). The red pine component may actually prolong 
the use of these sites due to a longer persistence of low live branches on red pines.  

Jack pine–dominated forests evolved with large, frequent, and catastrophic stand-replacing fires 
(Cleland et al. 2004), occurring approximately every 60 years. Under natural conditions, annual 
burned areas exceeded 200,000 acres, which favored jack pine on over 50 percent of the land 
surface (Cleland et al. 2004). Wildfire suppression and forest management have decreased the 
amount of area burned to approximately 15,558 acres per year and reduced the contribution of 
jack pine to 36.8 percent of the current land cover (Cleland et al. 2004). As jack pine saplings 
grow in height, percent canopy cover increases, causing self-pruning of the lower branches and 
changes in light regime, which diminishes cover of small herbaceous understory plants. 
Throughout the historical breeding range in the northern Lower Peninsula of Michigan, 23 
Kirtland’s Warbler Management Areas (KWMA) are specifically managed for Kirtland’s 
warblers. The KWMAs are interspersed into public or commercial forestlands managed for 
forest products, wildlife, and recreation. 

3.5.3.6 Migratory Stopover Sites 

Specific habitat used by Kirtland’s warblers during migration is poorly understood. Evidence 
suggest that low (i.e., less than 1.5 meters in height) dense vegetation may be important to 
migrating Kirtland’s warblers as stopover habitat (Stevenson and Anderson 1994). Threats to 
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important stopover habitats include human development, conversion to agricultural and urban 
areas (Crossett et al. 2004; Ewert et al. 2006).  

3.5.4 Threats 

This section describes past and ongoing population-level threats to the species. A complete 
description of historical and current threats to the Kirtland’s warbler is provided in the Kirtland’s 
Warbler Recovery Plan (Byelich et al. 1985) and the most recent USFWS 5-Year Review 
(USFWS 2012d). Present threats include the potential for continued habitat degradation through 
incompatible forest practices and the long-term effects of cowbird parasitism. However, these 
threats have proven to be manageable with improved forest management practices, habitat 
preservation and enhancement, and continued cowbird control. Primary potential threats of 
climate change are described in Section 3.1.1. Botkin et al. (1991) were first to suggest that jack 
pine forests in central Michigan may grow at a significantly slower rate under future climate 
conditions than they have in the recent past. Depending on the actual levels greenhouse gas 
emissions and pattern of temperature changes, suitable Kirtland’s warbler breeding habitat may 
be reduced in Michigan and could expand in western Wisconsin and Minnesota (Prasad et al. 
2007). Climate change may decrease the extent and quality of wintering habitat in The Bahamas 
and reduce the synchronization of migration and available food resources at the breeding 
grounds (van Noordwijk et al. 1995; Visser et al. 1998; Thomas et al. 2001; Strode 2003; Parry 
et al. 2007; Miller-Rushing et al. 2008). 

3.5.4.1 Habitat loss 

The primary threat to Kirtland’s warbler habitat is the loss of fire-generated young jack pine 
stands 5- to 20-years old. Prior to European settlement fire regimes had average return 
frequencies of about 60 years, while current fire suppression has increased the average fire 
interval to over 700 years (USFWS 2012d). Prior to European settlement, natural forest fires16 
maintained relatively abundant early seral jack pine forest, but fire suppression and incompatible 
forest management practices dramatically reduced suitable habitat for Kirtland’s warbler over 
time. European settlement within the Kirtland’s warbler’s range in the mid-nineteenth century 
reduced available habitat and increased the species’ susceptibility to the effects of brown-headed 
cowbird nest parasitism. Conditions were exacerbated through the early part of the twentieth 
century by industrial logging practices and fire suppression. The current management of 
clearcutting jack pine to generate planted or naturally regenerating stands of young pine across 
the Kirtland’s warbler’s breeding range has been credited as an effective management 
intervention for reversing the declining population trend. Current habitat management is 
conducted primarily on public forested lands under a variety of federal and state cooperative 
programs (USFWS 2012d). Threats to the regular application of this management strategy are 
oscillating market conditions, agency funding shortfalls, and a segment of the public adverse to 

                                                 
16 Note that “natural fire regimes” in North America prior to European settlement where likely greatly influenced by 
fire management practices of Native Americans. 
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clearcutting. Insect outbreaks and drought may interfere with the provisioning of adequate 
quantity and quality of Kirtland’s warbler’s breeding habitat. 

The absence of traditional-use or fixed migration routes, and the fact the Kirtland’s warblers 
migrate as individuals and not in flocks make the determination of important stopover or “fall-
out” habitat difficult. Since most passerines use the same areas and food resources, habitat 
conservation that benefits neotropical migrants will likely tend to support Kirtland’s warbler 
during migration (USFWS 2012d). Although there is some evidence that survival is lower during 
migration than during the breeding season (Rockwell unpublished data cited in USFWS 2012d), 
survival estimates for adult Kirtland’s warbler appear sufficient to sustain the population and 
mortality during migration may not be a major stressor to the species (Mayfield 1983).  

3.5.4.2 Disease, Predation and Cowbird Parasitism 

Kirtland’s warbler is not known to be prone to disease, parasites, or significant predation that 
would threaten its current status, abundance or distribution (USFWS 2012d). Nest predation rates 
for Kirtland’s warblers are comparable to those of other similar passerines (Bocetti 1994; 
Rockwell unpublished data cited in USFWS 2012d) and do not appear to compromise population 
replacement. However, the species is greatly affected by nest parasitism by brown-headed 
cowbirds, which have invaded the Kirtland’s warblers’ breeding range since logging and early 
agriculture created favorable habitat for cowbirds. The entire Kirtland’s warbler population is at 
risk of cowbird parasitism (Mayfield 1960). Kirtland’s warblers seem to have evolved little if 
any avoidance response to cowbirds, and cowbirds seem to prefer Kirtland’s warbler nests 
(Walkinshaw 1983). Brown-headed cowbird parasitism is an added stressor to loss of habitat and 
has been deemed a significant threat to Kirtland’s warbler. Trapping brown-headed cowbirds 
within Kirtland’s warbler nesting areas has decreased parasitism rates and increased Kirtland’s 
warbler nesting success, and thus has been an integral part of the recovery effort for the species 
(USFWS 2012d). Since 1972, USFWS, Michigan DNR and U.S. Department of Agriculture 
(USDA) Forest Service have implemented an intensive cowbird control program within major 
Kirtland’s warbler breeding range, annually removing approximately 3,800 cowbirds from 
occupied Kirtland’s warbler habitat in northern Lower Peninsula Michigan (Elbert and Mensing 
2010 cited in USFWS 2012d). The USFWS (2012d) postulates that sustainable Kirtland’s 
warbler populations will require annual cowbird control throughout the breeding range.  

3.5.4.3 Adequacy of Protection of Wintering Habitat 

Currently existing regulatory protection of the Kirtland’s warbler and its habitat largely prevent 
direct impacts throughout the species’ range, including impacts to its breeding and migratory 
habitat in the U.S. and wintering habitat in The Bahamas where it is recognized as a globally 
“Near Threatened” species on the International Union for Conservation of Nature Red List of 
Threatened Species.17 Although there are 26 national parks covering over 700,000 acres in The 
Bahamas (Bahamas National Trust 2009), they only provide protection for a few of the known 
                                                 
17 http://www.iucnredlist.org/. 
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wintering sites. Due to the relative paucity of information on the wintering grounds in The 
Bahamas, stressors and their importance to the overall demography of Kirtland’s warbler are 
uncertain. These include lack of protected areas, human development and change of land use 
practices in key habitats, altered fire regimes, drought, feral cats, and invasive plant species 
(USFWS 2012d). Protection of favorable winter habitat conditions such as low coppice, and low-
intensity agriculture and goat farming (Haney et al. 1998; Wunderle unpublished data cited in 
USFWS 2012d) is lacking throughout the species’ wintering grounds. Active management, 
which provides the early successional habitat needed by Kirtland’s warbler (Mayfield 1972; 
Sykes and Clench 1998; Haney et al. 1998; Wunderle et al. 2010), will likely require a landscape 
scale conservation effort to protect and manage sufficient suitable winter habitat area for 
Kirtland’s warbler (Wunderle et al. 2010). 

3.5.5 Environmental Baseline Summary 

The Kirtland’s warbler is an endangered species due to several factors associated with 
demographic and environmental conditions, including those factors identified as reasons for the 
original listing. The current range-wide population size of 2,090 males counted in 2012 is 
considered to be above the recovery goal in the original recovery plan. The population has been 
steadily rising since the early 1990s. However, the continued necessity of aggressive intervention 
(e.g., active forest management to provide suitable habitat, cowbird control) do not suggest a 
self-sustaining population (Ennis 2002). Kirtland warbler demographics suggest that in absence 
of interventions, fledgling rates and hence population growth would fall below sustainable levels 
and the population would rapidly decline again (Brewer et al. 1996). The primary threat to the 
species is continued habitat loss (due to changing forest management practices and landscape-
level fires) and the ongoing threat of brown-headed cowbird parasitism, which necessitates 
continuous management (cowbird trapping).  

3.6 INTERIOR LEAST TERN 

3.6.1 Species Description  

The interior least tern is a distinct population segment of the least tern, the smallest of the North 
American terns. Adults average 8 to 10 inches (22–24 centimeters) in length, with a 20 inch (50 
centimeters) wingspan. Males and females are similar in appearance with gray above and white 
below. During the summer the head is white with a distinctive black cap, which extends through 
the eye to the base of the upper bill. There is also a small white patch above the bill. The bill is 
relatively long and pointed, slightly longer than the head, and yellow with a black tip. The legs 
are yellow to orange. The wings are mostly pale gray but with conspicuous black markings on 
their outermost primaries. During winter the plumage is essentially the same but paler, and the 
yellow portion of the bill turns black. With sharply pointed and streamlined wings in flight, the 
interior least tern is often observed over water flying with a rapid wingbeat and its bill pointed 
toward the water as it scans for prey.  
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3.6.2 Species Status  

3.6.2.1 Listing Status 

The interior population of the least tern is listed as endangered under the ESA because of low 
population size and habitat loss in key river systems, primarily the Missouri, Platte, Mississippi, 
Arkansas, Cimarron, Canadian, and Red. In this region, interior least terns often nest near piping 
plovers and share similar habitat requirements. Interior least tern was originally listed under the 
ESA in 1985 in the following states: Arkansas, Colorado, Illinois, Indiana, Iowa, Kansas, 
Kentucky, Louisiana (Mississippi River and its tributaries north of Baton Rouge), Mississippi 
(Mississippi River), Missouri, Montana, Nebraska, New Mexico, North Dakota, Oklahoma, 
South Dakota, Tennessee, and Texas (except within 50 miles of the Gulf Coast).18  

The States of Arkansas, Illinois, Indiana, Iowa, Missouri, Nebraska, Tennessee, Texas, Kansas, 
Kentucky, New Mexico, Oklahoma, and South Dakota list the interior least tern as endangered 
under state laws. Although not legislatively designated as endangered in North Dakota, the 
interior least tern is regarded as endangered by the North Dakota Game and Fish Department. In 
Nebraska, the only mid-stream sandbars utilized by terns on the Missouri River occur on the 59-
mile National Recreational River stretch below Gavin’s Point Dam that is shared with South 
Dakota (Sidle et al. 1988).  

A recovery plan was prepared in 1990, at which time an estimated 5,000 least terns occurred in 
the interior U.S. (USFWS 1990). The primary recovery objectives included increasing the 
number of interior least terns to 7,000 birds, with that number remaining stable for 10 years, as 
verified by four censuses. The recovery criteria outlined were designed to ensure the protection, 
restoration and enhancement of essential habitat; establishment of management plans; and 
increase of population numbers throughout the range. Recovery tasks, prioritized from 1–3, were 
divided by river system (i.e., Missouri, Mississippi, Arkansas, Red, or Rio Grande). The 
recovery team listed a total of 18 recovery tasks, with three tasks given a priority level of “1”: 
managing water levels to reduce nest and chick loss, developing river management plans, and 
identifying river flow regimes to protect habitat (USFWS 1990). For the Lower Mississippi 
River the Recovery Plan goal was for current numbers (2,200–2,500) to remain stable for 
10 years. In Nebraska, the recovery objective was 1,520 birds (USFWS 1990). No target 
population levels were established for the Middle Mississippi River. No critical habitat rules 
have been published for the interior least tern population. USFWS published a notice of initiation 
of 5-Year Review in 2008.19  

3.6.2.2 Range and Population Status 

Three distinct population segments of least tern have been identified based on their distribution, 
the eastern or coastal least tern (S. antillarum antillarum) that breeds along the Atlantic and Gulf 

                                                 
18 50 FR 21,784–21, 792. 
19 73 FR 21643–21645.  
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Coast, the California least tern (S. antillarum browni) that breeds along the California coast, and 
the interior least tern that extends from Texas to Montana, and from eastern Colorado and New 
Mexico to southern Indiana (USFWS 1990) (Figure 3-10). Although these subspecies are 
generally recognized by virtue of their exclusive distribution, recent evidence indicates that terns 
hatched on the Texas coast sometimes breed inland. Some biologists speculate that the 
interchange between coastal and interior (river) populations is greater than once thought. Recent 
genetic analyses demonstrated little population subdivision among subspecific groups, which 
raises questions regarding the taxonomic status of traditionally defined subspecies (Whittier et al. 
2006; Draheim et al. 2010). 

Reliable estimates of original numbers are generally not available, but historical records indicate 
that the interior least tern once bred over a much larger area and in far greater densities of 
colonies than it does today (Ducey 1981; Hardy 1957). The historic breeding range of the species 
included the Mississippi, Missouri, Arkansas, Red, Rio Grande and Ohio River systems 
(Thompson et al. 1997; USFWS 2003a). Whitman (1988) reviewed the literature pertaining to 
interior least tern and concluded that the species formerly ranged northward along the Colorado, 
Red, Missouri Arkansas, Mississippi and Ohio river systems from central Louisiana to central 
Mississippi, central Texas, Arkansas, western Tennessee, eastern Kentucky, Missouri, northern 
Illinois, central Iowa, southern Indiana, Oklahoma, Kansas, central North Dakota, South Dakota, 
Nebraska, southeastern Wyoming, eastern Colorado, and eastern New Mexico (see Whitman 
1988 for sources). Incidental observations of interior least tern have also been reported from 
Michigan, Minnesota, Wisconsin, Ohio, Arizona and Montana (Skaar et al. 1985; Campbell 
1935; Jung 1935; Mayfield 1943; Phillips et al. 1964; Skaar 1974; Monson and Phillips 1981; 
Janssen 1986). 

3.6.2.3 Breeding Range 

The current distribution of least terns in the interior of the U.S. is much more fragmented than 
previously reported (NRC 2004). The species’ distribution is predominantly controlled by the 
availability of suitable habitat on relatively unaltered river segments, and the limited extent of 
this habitat restricts the species’ occurrence (USFWS 1990). The interior population of the least 
tern presently breeds in the Mississippi, Missouri, and Rio Grande river systems. The species 
breeds on the Arkansas, Canadian, Ohio, and Red River systems, but no longer breeds on other 
tributaries of the Lower Mississippi River (USFWS 2013c).  
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Figure 3-10. Distribution of Least Tern in North America 

 
3.6.3 Life History and Habitat Requirements 

3.6.3.1 Life History 

The breeding season of interior least terns last about 4 to 5 months. Birds arrive at breeding areas 
from late April to early June (Faanes 1983; Hardy 1957; USFWS 1987; Wilson 1984; Wycoff 
1960; Youngworth 1930). According to Renken and Smith (1995), adult least terns did not 
display strong site fidelity and only 42 percent of the re-sighted marked adults were observed at 
least once at the original banding colony in a subsequent year. Courtship behavior of least terns 
is similar for all three subspecies in the U.S. and occurs at the nesting site or at some distance 
from the nest site (Hardy 1957; Massey 1976; Tomkins 1959). Courtship behaviors include aerial 
glides (i.e., the “fish flight,” an aerial display involving pursuit and maneuvers culminating in a 
fish transfer on the ground between two displaying birds), parading, nest scraping, copulation 
and a variety of postures, and vocalizations (Ducey 1981; Hardy 1957; Wolk 1974). 



Affected Environment and Biological Resources Chapter 3 

Midwest Wind Energy Multi-Species Conservation Plan April 2016 
Public Review Draft Page 3-61 

Nests are a simple, scraped depression on the open sandy beach or mudflat (Ducey 1988). The 
nest is built by both sexes. Both parents engage in incubation, or may also cool eggs on hot days 
by standing over the eggs to provide shade or by wetting their breast feathers and dripping the 
water over the eggs. During windstorms, the incubating bird usually remains on the nest to keep 
sand off (Dugger 1997). Egg coloration ranges from pale to olive buff and speckled or streaked 
with dark purplish-brown, chocolate, or blue-grey markings (Hardy 1957; Whitman 1988). Nests 
usually contain two or three eggs (Faanes 1983; Hardy 1957; Kirsch 1987, 1988, 1989; 
Sweet 1985; Smith 1985). The average clutch size for interior least terns nesting on the 
Mississippi River during 1986–1989 was 2.4 eggs (Smith and Renken 1990). Egg-laying 
begins by late May and the male and female both incubate for an average of 20 to 25 days 
(Faanes 1983; Hardy 1957; Schwalbach 1988). 

Typically, interior least terns usually do not nest in compact groups like other terns. Nests can be 
as close as just a few meters apart or widely scattered up to hundreds of meters (Ducey 1988; 
Hardy 1957; Kirsch 1990; Smith and Renken 1990; Stiles 1939) and territorial disputes are 
uncommon. The benefit of semi-colonial nesting in least terns may be related to anti-predator 
behavior and social facilitation (Burger 1988). Only the site immediately surrounding the nest is 
actively defended by the pair against other terns, but colonies typically will collaboratively mob 
predators (Hardy 1957; Jackson and Jackson 1985). 

The precocial behavior of interior least tern chicks is similar to that of other least terns. They 
hatch within 1 day of each other, are brooded for about one week, and usually remain within the 
nesting territory but as they mature, wander further. Chicks are able to walk almost immediately 
upon hatching, but they generally remain in the nest bowl for several days (Bent 1929). Fledging 
occurs after three weeks, although parental attention continues until migration (Hardy 1957; 
Massey 1972, 1974; Tomkins 1959). Nesting success for interior least tern colonies has ranged 
from 2.8 percent to 100 percent (Hardy 1957; Grover and Knopf 1982; Boyd 1983, 1984; 
Schulenberg and Ptacek 1984). Dugger et al. (2002) recorded mean estimated survival of least 
tern chicks throughout the entire 17-day fledging interval ranging from 0.43 to 0.62, and 
estimated that between 0.72 and 1.0 fledglings/pair were produced. Szell and Woodrey (2003) 
found that nesting colonies varied in size from 172 to 550 nests, with average clutch sizes 
ranging from 1.9 to 2.7 eggs per nest. Reproductive success along the Lower Mississippi River 
averaged 0.28 to 1.27 fledglings per clutch. Predation and untimely flooding were the largest 
negative impacts upon successful tern reproduction (Szell and Woodrey 2003). Nesting failure 
and chick mortality on the Red River were caused by flash floods from rain runoff, rising river 
waters, coyotes (Canis latrans), human disturbance, cattle, raccoons (Procyon lotor), and fish 
crows (Corvus ossifragu) (Hervey 2001). The life span of the least tern is 15 to 25 years, 
although mortality during the first 5 years may be high. Estimated adult survival rate ranges from 
81 to 88 percent (Massey and Atwood 1981; Thompson 1982; Kirsch 1996; Renken and 
Smith 1995).  
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Adults and fledglings usually leave nesting colonies by early September (Bent 1921; 
Hardy 1957; Stiles 1939). Terns gather at staging areas with high fish concentrations to rest and 
eat prior to the long flight to southern wintering grounds.  

3.6.3.2 Winter Range 

Their winter range is not known, but probably includes coastal areas along the Central American 
coast and the northern coast of South America from Venezuela to northeastern Brazil (Hardy 
1957; Meyer De Schauensee 1970; USFWS 1983b, 1984, 1985b).  

3.6.3.3 Food Habits  

The interior least tern is primarily piscivorous, consuming mostly minnows (family Cyprinidae) 
throughout their entire life (Youngworth 1930; Hardy 1957). As a plunge-diver, the interior least 
terns rely on ready access to appropriately sized slender-bodied fish, less than 52 millimeters 
total length for adults and less than 34 millimeters total length for young chicks. Important fish 
prey genera include Fundulus, Notropis, Campostoma, Pimephales, Gambusia, Blonesox, and 
Lepomis (Hardy 1957; Grover and Knopf 1982). Interior least terns require shallow water areas 
in lakes, ponds, and river backwater areas with abundant small fish populations near the nesting 
area (Ganier 1930; Youngworth 1930; Hardy 1957). Least tern prefer foraging in areas where 
shallow waters along the borders of sandbars offer the greatest small fish densities and taxa 
richness (Tibbs 1995). Recently fledged terns that are capable of flying to other areas in search 
of forage may not be as vulnerable to a shortage of fish near nesting sites (Hill 1993; Aron 
2005). Fluctuating water discharges from dams can influence fish spawning habits in stream 
systems, reducing foraging opportunities for least terns (Lingle 1993a; Aron 2005). Interior least 
terns generally forage within 100 meters of the colony (Faanes 1983) but may fly up to two miles 
from nesting grounds to forage (Nebraska Game and Parks Commission 1997). 

3.6.3.4 Movement/Home range 

The interior least tern’s home range during the breeding season usually is limited to a reach of 
river near the sandbar nesting site. Least terns will fly some distance from nest sites to forage 
(Atwood and Minsky 1983; Dinsmore et al. 1993; Smith and Renken 1990), with the male 
extensively feeding the female (Dugger 1997), and both parents provisioning chicks (Bent 1929; 
Brubeck et al. 1981). Home ranges are usually highly variable, ranging from 11 to 1,015 hectares 
(Talent and Hill 1985) and may vary according to colony size and habitat quality (McNicholl 
1975). Koenen (1995) found significant colony shifts in response to changes in human activity, 
flooding, stream dynamics, demographic changes, and habitat changes. From year to year, site 
fidelity in interior least terns is relatively low. However, terns tend to return to the same general 
region of the river where they were hatched or nested previously. Most (97 percent) adult terns 
move a median distance of approximately 5.6 miles (9.1 kilometers) (range = 0.8 miles [1.5 
kilometers] to 49.7 miles [80.0 kilometers]) from the original banding colony and some 
individuals disperse 186–621 miles (300–1000 kilometers) (Renken and Smith 1995). The 
unpredictability of the ephemeral sand bar habitat to which the species has adapted probably also 
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shaped its tendency to disperse and use newly emerging sandbar and other suitable habitat, 
before vegetation growth renders the site unsuitable. In North Carolina, a large number of 
colonies (n=61) were observed within 250 meters of a shallow water foraging habitat (Jernigan et 
al. 1978). The home range may change if re-nesting birds select a different breeding site. At sand 
and gravel pits along the central Platte River in Nebraska, nesting interior least terns utilize the 
pit area as well as an adjacent stretch of river.  

3.6.3.5 Demographics 

The historic trend of interior least tern populations has been poorly documented. In 1975, a total 
population of 1,250 was estimated (Downing 1980) but was revised in 1983 by the USFWS as 
1,460 to over 1,760 birds (USFWS 1983b) based on earlier data. At the time of federal listing in 
1985, about 1,400 to 1,800 terns were believed remaining (USFWS 1985b). According to Kirsch 
and Sidle (1999), the recovery goal of 7,000 birds was met in 1995, however this was estimated 
to be due to mainly the recovery in the lower Mississippi River, while other areas have not met 
recovery goals. Current (2011) population estimates on the Mississippi River from Cape 
Girardeau, Missouri to Baton Rouge, Louisiana are 12,247 least terns and 45 nesting colonies 
(Jones 2011) (Figure 3-11, Panel A). Population size along this stretch of the Mississippi appears 
to grow in an exponential fashion. A regression analysis of instantaneous growth rates (r) over 
the previous year’s number of breeding birds (Figure 3-11, Panel B) suggests high variation of 
annual per capita population growth rates and no density dependence, which is probably 
indicative of the stochastic variation in annual river flows that control the amount of available 
sandbank breeding habitat. It may also indicate that the population has not experienced density-
dependent regulation mechanisms.  

 
Figure 3-11. Least Tern Population Growth Rate on the Mississippi River 
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A population viability analysis (PVA) (Boyce et al. 2002) predicted a high probability of 
persistence of least terns on the central and lower Platte River in at least one location for 100 
years. In addition, it found that increased connectivity between the populations increased 
persistence probability. A PVA conducted by the NRC (2004) suggested that the Platte and Loup 
River populations in Nebraska may negatively affect the persistence of the metapopulation if 
reproductive success is very low and immigration into Nebraska is high. 

3.6.3.6 Nesting Habitat 

From late April to August, terns use barren to sparsely vegetated sandbars along rivers, sand and 
gravel pits, or lake and reservoir shorelines. Nests are often at higher elevations and well-
removed from the water’s edge, a reflection of the fact that nesting starts when river stages are 
relatively high. Least terns nest on mid-channel emergent sandbars with sand and pebble 
substrate and sparse-to-absent vegetation in many major midcontinent river systems from Texas 
to North Dakota (Smith and Renken 1991; Lott 2006). Terns choose sites that are well-drained 
and well back from the water line. Individual nests are usually near small ridges, a stick, or 
pieces of driftwood or other debris (Bent 1921; Hardy 1957; Tomkins 1959; Ducey 1981; Smith 
and Renken 1991). The most frequently used bars are those with less than 10 percent vegetation 
cover, with fine to coarse sand sediments, and that are emergent continuously for at least an 
estimated 100 days between May 15 to August 31 (Smith and Renken 1991). Nests have, 
however, been verified in areas with up to 30 percent vegetative cover (Hardy 1957; Faanes 
1983; Schulenberg and Ptacek 1984; Dryer and Dryer 1985; Landin et al. 1985). Sandbars may 
achieve a very large size (hundreds of acres) and provide for wide dispersal of nests, except in 
high-water years. Smith and Renken (1991) found that colony size is often inversely proportional 
to sandbar size, with large colonies forming in years when high water restricts the amount of 
emergent sandbar. 

Nesting least terns readily colonize human-constructed habitats, including sandpits (Sidle and 
Kirsch 1993; Kirsch 1996; Jenniges and Plettner 2008), constructed river islands (Lott 2006; 
Jenniges and Plettner 2008), dredged material deposition sites (Thompson and Slack 1982; 
Mallach and Leberg 1999; Spear et al. 2007), and gravel rooftops (Gore 1991; Krogh and 
Schweitzer 1999; Butcher et al. 2007). Least terns have nested successfully at power plants, 
utilizing ash disposal areas (Nebraska Game and Parks Commission 1997), such as the Cinergy 
Corporation’s Gibson County Generating Station in Indiana (Pruitt 2000). Along the central 
Platte River in Nebraska, Jenniges and Plettner (2008) found that nest success and fledgling 
survival was significantly greater at managed sandpits than unmanaged sandpits. Adapted to 
nesting in disturbed sites, terns may move colony sites annually, depending on landscape 
disturbance and vegetation growth at established colonies, and individual terns show limited 
fidelity to nest sites or even colony locations.  

3.6.3.7 Migration Stopover Sites 

Habitat characteristics of migratory stopover sites have not been well studied. In preparation for 
fall migration, interior least terns stage along interior rivers or reservoirs, such as Great Salt 
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Plains Lake in Oklahoma (Talent and Hill 1985). River staging sites may be used for up to 
30 days prior to migration (Lingle 1993b), and birds have been observed moving four to 57 miles 
from nest sites to staging sites along the Central Platte River (Lingle 1993b). Low, wet sand or 
gravel bars at the mouths of tributary streams and floodplain wetlands are important staging 
areas. Interior least tern use major river systems to their confluence with the Mississippi River as 
migratory corridors. From there they migrate south to the Gulf of Mexico, but their further flight 
path is unknown (Thompson et al. 1997). In some areas (e.g., Panama and Baja California), 
interior least terns migrate anywhere from 2 to 30 kilometers offshore (Howell and Engel 1993). 
The species is common during fall migration in Costa Rica (Stiles and Skutch 1989). 

3.6.4 Threats 

This section describes past and ongoing population-level threats to interior least tern. Potential 
threats of climate change are described in Section 3.1.1. Interior least tern warranted federal 
listing due to the contraction of their historic range, very low population estimates, and the 
continued threat of habitat loss.20 The Recovery Plan (USFWS 1990) identifies two major causes 
for the least tern’s decline: habitat alteration and destruction, and human disturbance. A complete 
list of both historical and current threats to interior least tern can be found in the Recovery Plan 
(USFWS 1990). It is important to note that population-level threats do not necessarily work in 
isolation, and are expected to have a cumulative impact upon the species. When multiple 
population-level threats coincide, the extinction risk to the species is expected to be greatest.  

3.6.4.1 Habitat Loss 

Primary reasons for the loss of suitable nesting habitat are the alteration of natural river flow 
dynamics and recreational use of sandbar habitat, which have had a major impact on the 
reproductive success of the least tern. Loss of habitat from dam construction and river 
channelization has occurred on all major rivers throughout the Mississippi, Missouri, and Rio 
Grande river systems. Overall, the large-scale transformation of interior river systems to 
accommodate navigation, flood control, hydropower and irrigation appears to have eliminated 
much of the least terns’ sandbar habitat along major river systems and limited the scouring and 
depositional forces that maintain and create these habitats. Because of dams and channelization, 
least terns no longer nest on the Missouri River within the state of Missouri or Kansas (Smith 
and Renken 1990). 

Discharges from dams have changed the historic spring flows. Managed flows now frequently 
inundate potential nesting areas, flood existing nests, and dry out feeding areas. Reservoirs also 
trap much of the sediment load, limiting formation of suitable sandbar habitat. This has led to a 
decline in quantity and quality of suitable nesting habitat for terns that is safe from flooding, 
sufficiently devoid of vegetation, with appropriate substrate and near foraging areas (Galat and 
Lipkin 2000; Pegg et al. 2003; Elliott and Jacobson 2006). Interior least terns appear to have 
adapted to temporary, spring flooding of traditional nesting areas by delaying breeding until the 
                                                 
20 50 FR 21785. 
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water recedes (Ganier 1930; Hardy 1957; Ducey 1981). Flooding can prevent or disrupt nesting 
(Hardy 1957; Boyd 1980; Ducey 1980; Smith and Sheperd 1985) and can be a major cause of 
nesting failure (Grover 1979; Grover and Knopf 1982; Faanes 1983; Schulenberg and Ptacek 
1984; Dryer and Dryer 1985).  

Hydropower peaking concentrates power generation into certain times of the day, which results 
in rapid, large flow fluctuations in the reach below the generating facility. These flow 
fluctuations impact water depth, decrease the amount of nesting habitat available to the birds and 
increase the probability of nest and colony inundation. Hydro-peaking can also facilitate 
transport of invasive plant seeds, which establish on sandbars. 

3.6.4.2 Human Disturbance and Recreation 

Large rivers are frequently used for recreational activities, such as fishing, camping, and all-
terrain vehicle (ATV) use, which pose a threat to nesting terns. ATVs and boats may cause 
disturbance of nesting pairs and contribute to nestling mortality (Blodget 1978; Ducey 1981; 
Dryer and Dryer 1985; Thompson et al. 1997). Well-camouflaged least tern young tend to 
become immobile when threatened by approaching predators, which makes them vulnerable to 
mortality from ATVs (Melvin et al. 1994). Alternative breeding sites, such as sand and gravel 
pits, reservoirs, and other artificial nesting sites also often receive a high level of human use. 
Increased human disturbances related to development such as public swimming beaches, 
marinas, industries, and farming have also contributed to a decline in nesting success (Bent 1921; 
Ducey 1981; Neck and Riskind 1981; Dryer and Dryer 1985; Smith 1985). 

3.6.4.3 Predation  

Predation has been identified as a factor that limits the productivity of terns (Kruse 1993; Kruse 
et al. 2001). Low flows and insufficient water depth in some river channels reduces the birds’ 
food supply and increases access to nesting areas by humans and predatory mammals. Predation 
can have a serious impact on nesting success (Grover and Knopf 1982). Least tern predators 
include domestic cats and dogs, coyotes, American kestrels (Falco sparvertus), Norway rats 
(Rattus norvegicus), black rats (R. rattus), various gulls (Lanus spp.) including laughing gulls (L. 
atricilla), red-shouldered hawks (Buteo lineatus), fish crows, red foxes (Vulpes vulpes), mink 
(Mustela vison), striped skunks (Mephitis mephitis), boat-tailed grackles (Quiscalus major), 
great-tailed grackles (Q. mexicanus), feral hogs, ghost crabs (Ocypode quadrata), and raccoons 
(Bent 1921; Howell 1959; Tomkins 1959; Swickard 1971; Massey and Atwood 1979; Minsky 
1980; Neck and Riskind 1981; Burger 1984; Jackson and Jackson 1985).  

3.6.4.4 Water Quality 

Water pollution from pesticides and irrigation runoff is another potential threat to interior least 
tern. Pollutants entering the waterways near breeding areas can negatively impact water quality 
and prey fish populations in foraging areas. Degraded water quality and fish habitat can impact 
small-fish populations on which least terns depend (Wilbur 1974; Erwin 1983). Least terns tend 
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to bio-accumulate contaminants which may render eggs infertile or otherwise affect reproduction 
and chick survival (USFWS 1983b; Dryer and Dryer 1985) - residues of mercury, 
dechlorodiphenyldichloroethylenes (DDEs) (a derivative of dichlorodiphenyltrichloroethane 
[DDT]) and PCBs have also been found (USFWS 1983b).  

3.6.5 Environmental Baseline Summary 

The range-wide population of interior least tern at the time of federal listing in 1985 was about 
1,400–1,800 terns (USFWS 1985b). Since then the population has grown steadily, and today 
there are at least 12,247 interior least terns and 45 nesting colonies (Jones 2011) on the 
Mississippi River from Cape Girardeau, Missouri to Baton Rouge, Louisiana, alone. According 
to Kirsch and Sidle (1999), the recovery goal of 7,000 birds was met in 1995; however, the 
recovery goals for specific populations have not yet been met. The overall goal was met because 
of robust recovery in one area: the lower Mississippi River.  

Primary ongoing human threats to interior least tern include habitat loss and modification, and 
ongoing disturbance with resulting chick mortality and nest failure. Loss of suitable nesting 
habitat is caused by the continuing alteration of natural river flow dynamics. The large-scale 
transformation of interior river systems to accommodate navigation, flood control, hydropower 
and irrigation has eliminated much of the least terns’ sandbar habitat and restricts scouring and 
depositional forces that maintain and create these habitats. Managed flows (e.g., hydropower 
peaking) frequently inundate potential nesting areas, flood existing nests, and dry out feeding 
areas. Reservoirs trap sediments, leading to a decline in quantity and quality of suitable nesting 
habitat for terns that is safe from flooding, sufficiently devoid of vegetation, with appropriate 
substrate, and near foraging areas (Galat and Lipkin 2000; Pegg et al. 2003; Elliott and Jacobson 
2006).  

Low flows and insufficient water depth in some river channels reduces the tern’s food supply 
and increases access to nesting areas by humans and predatory mammals. Predation by a wide 
variety of terrestrial and aerial predators can have a serious impact on interior least tern nesting 
success and increases with modified flows and human disturbances (Grover and Knopf 1982). 
ATVs, beach use, and boating may cause disturbance of nesting pairs and contribute to nestling 
mortality. Increased human disturbances related to development such as public swimming 
beaches, marinas, industries, and farming have also contributed to a decline in nesting success 
(Bent 1921; Ducey 1981; Neck and Riskind 1981; Dryer and Dryer 1985; Smith 1985).  

The ongoing effects of climate change are not known, but the effects of climatic change on the 
aquatic environment (e.g., changes in water temperature and hydrograph) are likely to influence 
fish populations that provide prey to the interior least tern. Climate-induced modification of river 
flows could result in further degradation of sandbar habitat and may expose nest sites to 
terrestrial predators. The predicted sea level rise may also increase coastal flooding and shoreline 
erosion and thereby alter wintering habitats of interior least tern. Climate change is already 
affecting arrival times in many migratory species, especially when migratory cues in wintering 
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areas do not adequately predict habitat availability at nesting areas. Such effects may cause birds 
to arrive on breeding grounds under less than optimal conditions (Parry et al. 2007). 

3.7 PIPING PLOVER 

3.7.1 Species Description  

The piping plover (Charadrius melodus) is a small whitish plover 7 inches (17–18 centimeters) 
long with a wingspan of 14–15.5 inches (35.6–39.4 centimeters) that weighs about 1.5–2.2 
ounces (43–63 grams). Sexes are similar in appearance and size (Elliott-Smith and Haig 2004). 
Plumage of adult birds is mostly a sandy color with a white underside. The head is mostly white 
with a narrow, black band above the forehead and across the chest which is present during the 
breeding season. Juvenile plumage is acquired gradually over age (15 to 30 days). Juvenile 
plumage of the crown and mantle are smoke gray, broadly tipped with pinkish buff, and no black 
bands on the forehead and neck are present (Elliott-Smith and Haig 2004).  

3.7.2 Species Status 

3.7.2.1 Listing Status 

Various populations of piping plover were listed under the ESA as either endangered or 
threatened in the U.S. by the USFWS in 1985. The final listing of the piping plover does not 
recognize subspecies of piping plover, however it does recognize three breeding populations of 
piping plovers, the Atlantic Coast (listed as threatened), Great Lakes (listed as endangered), and 
Northern Great Plains (listed as threatened).21 Most of the Great Lakes population and a small 
portion of the Northern Great Plains population are found within the Plan Area. All of the Great 
Lakes population may migrate through the Plan Area. 

Critical habitat was designated under the ESA in 2001 for the Great Lakes population, which 
includes 35 critical habitat units in eight states (Illinois, Indiana, Michigan, Minnesota, 
New York, Ohio, Pennsylvania, and Wisconsin), five states of which are located in the Plan 
Area.22 These habitat units contain 201 miles of shoreline areas in the designated states, with 
boundaries extending out 500 meters from the normal high water line at each unit. Though 
designated in eight states, nearly all critical habitat used for nesting is located in Michigan 
(USFWS 2009b). In 2002, USFWS designated critical habitat under the ESA for the Northern 
Great Plains breeding population of piping plover in parts of Minnesota, Montana, North Dakota, 
South Dakota, and Nebraska, with designated areas of critical habitat including prairie alkali 
wetlands and surrounding shoreline; river channels and associated sandbars and islands; and 
reservoirs and inland lakes and their sparsely vegetated shorelines, peninsulas, and islands.23 In 

                                                 
21 50 FR 50726. 
22 66 FR 88: 22938, May 7, 2001. 
23 67 FR 176:57637-57717, September 11, 2002. 
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the Plan Area, critical habitat is designated in Minnesota at Lake of the Woods on Rocky Point, 
Morris Point, and Pine and Curry Island. 

Piping plover is listed as endangered under the state endangered species laws of Michigan, 
Wisconsin, Illinois, Indiana, Ohio, and New York.  

The main reasons for listing the piping plovers were a small population size and inadequate 
protection of significant nesting areas (USFWS 2009b). Great Lakes piping plover populations 
ranged from 12 to 32 breeding pairs from 1984 to 2001, with a significant increase to 51 pairs in 
2002 (USFWS 2003b). Since the implementation of the Recovery Plan, the Great Lakes piping 
plover was estimated at 63 breeding pairs in 2008, with 53 pairs observed nesting in Michigan 
(USFWS 2009b), and 58 breeding pairs were estimated in 2012. The population peaked in 2009 
and since declined slightly to 55 breeding pairs (Cavalieri 2012). Approximately 50 percent of 
the Recovery Plan criterion was met with the 53 nesting pairs in Michigan, and the 10 breeding 
pairs in the Great Lakes basin (outside of Michigan) represents 20 percent of the Recovery Plan 
goal (USFWS 2009b). The Recovery Plan criteria call for at least 150 pairs (300 individuals) 
(USFWS 2009b).  

3.7.2.2 Range and Population Status 

As of 2006, the total wild population of piping plovers was estimated at 8,092, with 5,923 in the 
U.S., 2,161 in Canada, and eight in France (Elliot-Smith et al. 2009). The Great Lakes population 
is geographically limited, with the majority of the overall piping plover population existing on 
the Great Plains and the Atlantic Coast. Of the estimated 5,923 adults in the U.S., 2,855 were in 
the Atlantic Coast region, 110 were in the Great Lakes, and 2,959 were in the Northern Great 
Plains (Elliot-Smith et al. 2009). Of 2,640 breeding pairs, 1,212 are part of the Northern Great 
Plains (Elliot-Smith et al. 2009). The range of piping plover is presented in Figure 3-12. 

3.7.2.2.1 Breeding Range 

Currently, most breeding within the Great Lakes population occurs in Michigan (USFWS 2012f) 
with approximately 20 percent of the population nesting in Wisconsin and Ontario, Canada. 
Great Lakes breeding sites are almost entirely restricted to the shorelines of the Great Lakes, 
with no documented breeding on inland waterbody habitats (USFWS 2009b). The majority of 
nesting sites for the Great Lakes population occur along the shoreline of Michigan, with a beach 
greater than 30 meters (100 feet) wide (USFWS 2003b). A single breeding population of 
Northern Great Plains piping plovers still exists in northernmost Minnesota at Lake of the 
Woods, concentrated on Morris Point, Garden Island, Pine and Curry Island, and the Rocky 
Point Wildlife Management Area; however, the number of breeding pairs in this population is at 
a critically low level, with just 0 to 2 pairs in recent years (Minnesota DNR 2013). A high of 50 
adult birds were recorded at Lake of the Woods in 1984 (Maxson and Haws 2000; Haig and 
Oring 1987). In addition, two northern Great Plains piping plover breeding sites are known from 
two energy production facilities in Iowa along the Missouri River (Iowa DNR 2013). 

http://www.dnr.state.mn.us/wmas/detail_report.html?map=COMPASS_MAPFILE&mode=itemquery&qlayer=bdry_adwma2py3_query&qitem=uniqueid&qstring=WMA0151800
http://www.dnr.state.mn.us/wmas/detail_report.html?map=COMPASS_MAPFILE&mode=itemquery&qlayer=bdry_adwma2py3_query&qitem=uniqueid&qstring=WMA0151800
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Figure 3-12. Piping Plover Range Map  
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3.7.2.2.2 Winter Range 

The Great Lakes population commonly winters along the shoreline of South Carolina and 
Georgia (Gratto et al. 2011), but winter range also includes North Carolina to Florida along the 
Atlantic Coast and along the Gulf Coast from Florida to Texas, Mexico, and the Caribbean 
(USFWS 2003b, 2012f). Most of the northern Great Plains piping plovers winter along the Texas 
coast, extending into Mexico (USFWS 2012f). 

3.7.3 Life History and Habitat Requirements 

3.7.3.1 Life History 

Piping plovers arrive on the breeding grounds during mid-March through mid-May and remain 
there for 3 to 4 months per year. Piping plovers exhibit a predominately monogamous mating 
system, although mate switching has been observed during the breeding season (Haig and Oring 
1988) and between years (Wilcox 1959; Wiens 1986). Breeding occurs the first spring after 
hatching. Plovers lay three to four eggs in shallow, scraped depressions lined with light-colored 
pebbles and shell fragments. Both sexes incubate the eggs, which hatch within 30 days, and both 
sexes feed the young until they can fly, about 30 days post-hatch. Plovers will defend territories 
by performing threat behaviors, which may include horizontal runs up to 100 meters or aerial 
displays just above the ground up to 35 meters (USFWS 1996). Annual survival rate of adult 
piping plovers is estimated at 73.7 percent and juvenile survival is estimated at 31.8 percent 
(Larson et al. 2000). The piping plover’s diet consists of insects, worms, crustaceans, and 
occasionally mollusks (Haig 1992). 

Fall migration normally begins in mid-July, with most birds arriving on the wintering grounds by 
early September (USFWS 2003b). A few piping plovers can be found on the wintering grounds 
throughout the year (USFWS 2003b). In late February, piping plovers begin leaving the 
wintering grounds to migrate north to their breeding territories. Spring migration peaks in late 
March, and by late May most birds have left the wintering grounds (Elliott-Smith and Haig 
2004).  

3.7.3.2 Demographics 

Piping plover typically produce one brood a year, with an average clutch size of three to four 
eggs; however, some Great Lakes piping plovers have produced two broods a year (J. Stucker 
pers. comm. 2001). Banding data documented for Great Lakes piping plover suggest survival 
rates range from 56 to 76 percent (LeDee et al. 2010; Roche et al. 2010). A 30 percent survival 
rate of fledglings to first breeding is within the range of survival rates documented for the Great 
Plains and Atlantic Coast populations (USFWS 2003b). The average number of young fledged 
per breeding pair has increased from 1.25 in the late 1980s to over 1.75 in recent years (Cavalieri 
2012). A PVA for the Great Lakes population found that the population will not persist without 
continued increases in nesting success, reproductive success, and appropriate habitat (Wemmer 
et al. 2001). 
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3.7.3.3 Habitat Requirements 

Piping plovers are migratory and require a variety of habitats distributed over a large area. 
Habitat requirements for the piping plover include suitable breeding and wintering habitat as 
well as spring and fall migration stopover habitats. Great Lakes populations are associated with 
sandy substrates with unforested systems of dunes containing interspersed wetlands compared to 
other population segments (Wemmer 2000; Price 2002). 

3.7.3.3.1 Breeding Habitat 

Breeding habitats normally contain nesting areas and adjacent foraging habitat to support both 
adults and flightless young (USFWS 1996). A piping plover’s home range during the breeding 
season is usually limited to the wetland, lake shore, or section of beach on which their nest is 
located (Johnson et al. 1997). During breeding season, piping plover have been documented 
flying low over water and adjacent land at approximately 10 meters above sea level. Specific 
migration flight height for piping plovers is not well-documented; however shorebird migration 
data shows recorded height levels at approximately 50 meters above sea level (Dierschke and 
Daniels 2003).  

3.7.3.3.2 Feeding Habitat 

Microhabitat varies greatly among habitats and stage of the annual cycle (Elliott-Smith and Haig 
2004); however, piping plovers feed primarily on exposed beach substrates (Johnson et al. 1997) 
within 5 meters of the water’s edge. Foraging habitat varies by sex, age, and stage of breeding 
(Elliott-Smith and Haig 2004). Most foraging is diurnal but occasionally plovers will feed at 
night at least during the breeding season (Staine and Burger 1994). Piping plovers use a variety 
of habitats for foraging including saturated sand in tidal zones, beach areas, mud, sand, and algal 
mats, pond, lagoons, and marshes (USFWS 2003b). Concentrated feeding areas are largely 
dependent upon available prey. Available foraging habitat and prey resources affect piping 
plover survival (USFWS 2003b).  

3.7.3.3.3 Migration Corridors and Stopover Habitat 

Plovers begin their migration from the Great Lakes region in mid-July through early September, 
with females usually departing first (USFWS 2003b). Piping plovers usually begin their 
migration from wintering grounds in mid-February, with peak migration occurring in March. 
Males and females typically migrate separately with males generally arriving on the breeding 
grounds first (USFWS 2003b). Most shorebirds utilizing the Great Lakes region are long-
distance migrants that require suitable stopover habitats to replenish fat reserves. These staging 
areas include wetlands, lake shorelines, river floodplains, reservoirs, and flooded agricultural 
fields (U.S. Shorebird Conservation Plan 2000). Pompei and Cuthbert (2004), in a review of 
potential stopover habitat use by the Great Lakes population of piping plover, documented more 
than 3,400 fall and spring stopover records at 1,196 sites in the inland U.S.  Stopover sites for the 
Northern Great Plains population are not well known, but assumed to be similar to those of other 
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breeding populations given ecological similarities and overlap of winter habitat. Stopover 
habitats used included shorelines of reservoirs, industrial ponds, natural lakes, and rivers, usually 
where sand or mixed sand and mud substrates were present. Data from these sightings indicate 
that piping plovers do not concentrate in large numbers at inland stopover sites and appear to 
stop opportunistically. In most cases, reports of birds at inland sites were single individuals 
(Pompei and Cuthbert 2004). Spring migration patterns are similar to the fall migration. 

3.7.3.3.4 Winter Habitat 

Wintering grounds for the Great Lakes populations of piping plover extend from North Carolina 
to Florida on the Atlantic Coast, from the Florida Gulf Coast to Texas, and south to The 
Bahamas and West Indies (Haig 1992). Atlantic and Gulf coast sightings of piping plovers 
banded in Michigan suggest a strong eastward component to migration and dispersal throughout 
wintering grounds by the Great Lakes population (USFWS 2003b). Plovers utilize beaches, 
mudflats, algal mats, and marshes and lagoons to forage roost; and they may congregate on 
wintering grounds for up to 10 months per year. Most of the northern Great Plains piping plovers 
winter along the Texas coast, extending into Mexico (USFWS 2012f) (Figure 3-12). 

3.7.4 Threats  

This section describes past and ongoing population-level threats to piping plovers. A complete 
list of both historical and current threats to the species can be found in USFWS’s 5-year review 
of the piping plover’s status (USFWS 2009b). The primary potential threats of climate change 
are described in Section 3.1.1.  

3.7.4.1 Habitat Loss 

Alterations of natural waterways, including the construction of reservoirs, channelization of 
rivers, and modification of river flows, is a major threat to piping plovers, especially the northern 
Great Plains population. These activities tend to reduce sandbar riverine habitat, flood breeding 
habitat during the nesting season, and promote vegetation growth on sandbars infrequently 
scoured by high flows. In addition, commercial sand and gravel mining in the Northern Great 
Plains population range can inadvertently create plover nesting habitat on spoil sites that may 
later be subject to removal if mines are reclaimed for other uses such as housing. The Nebraska 
Tern and Plover Partnership and the USFWS have put in place an intensive program to reduce 
take at mines, which has contributed to a general increasing trend in the number of adult plovers 
and juveniles fledged for the Northern Great Plains population (USFWS 2009b). Shoreline 
development in the Great Lakes region is a predominant cause of habitat degradation for Great 
Lakes piping plover population. Leading destructive activities include residential development, 
shoreline stabilization (i.e., filter fabric and riprap installation), jetty construction, and 
installation of boat slips/piers (USFWS 2009b). Vegetative encroachment on once relatively 
open, shorelines has altered the use of some nesting sites in Michigan such as Wilderness State 
Park in northern Michigan. For example, Wilderness State Park once supported over a third of 
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the entire Great Lakes population; documented use had decreased to one nesting pair in 2008 
surveys (USFWS 2009b).  

3.7.4.2 Disturbance and Consumptive Uses 

Early twentieth century accounts report that shorebird hunting caused the first major decline of 
the piping plover (USFWS 1988). Currently, hunting is not a threat to the species as take is 
prohibited pursuant to the ESA and the Migratory Bird Treaty Act (MBTA). A relatively small 
percentage of the Great Lakes population had been reported in the early 2000s to have leg 
injuries related to leg band placements. Banding protocols were modified in 2004 and injuries 
have since been greatly reduced. Overutilization for commercial, recreational, scientific, or 
educational purposes is not considered to be a major threat to the Great Lakes population 
(USFWS 2009b). Nest success is affected by disturbances from ATVs and cattle (Gaines and 
Ryan 1988). ATVs can significantly degrade piping plover habitat (Wheeler 1979) and disrupt 
the birds’ normal behavior patterns (Zonick 2000). Foot and vehicular traffic may crush nests or 
young. Excessive disturbance may cause the parents to desert the nest, exposing eggs or chicks 
to the summer sun and predators. Interruption of feeding may stress juvenile birds during critical 
periods in their development. Cohen et al. (2008) found that radio-tagged piping plovers used 
ocean beach habitat less frequently in areas where ATV use is allowed. Human activities such as 
illegal off-road vehicle usage, unleashed pets, bike riding, bonfires, horseback riding, camping, 
and beach walking have all been shown to disturb piping plover nesting habitat and behaviors 
(Cuthbert and Roche 2008). Human disruption of these areas is likely to increase as the shoreline 
of the Great Lakes becomes an increasingly popular vacation destination (USFWS 2009b). Two 
locations in the Plan Area that are known to currently support Northern Great Plains piping 
plovers are located in Iowa along the Missouri River at Council Bluffs and Sioux City, at energy 
production facilities that may be subject to disturbance from human activities. However, 
management actions are in place to maintain suitable habitat and reduce human disturbance to 
these sites (Iowa DNR 2013). 

3.7.4.3 Disease and Predation 

Threat of disease remains relatively low in the Great Lakes population, with aspergillosis, West 
Nile virus, avian cholera, and Type E botulism the leading pathogens. With disease outbreaks 
increasing near breeding grounds, the Great Lakes population could suffer in the near future 
(USFWS 2009b). Predation is one of the greatest threats to the Great Lakes population (Wemmer 
2000), especially when linked with poor quality habitat. Nest predators tend to be mammals 
while chick predators are often avian predators (Ivan and Murphy 2005). Merlins (Falco 
columbarius) have been reported to take chicks in the northwestern portion of Michigan, which 
consistently has documented high densities of nesting plovers (USFWS 2009b).  
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3.7.5 Environmental Baseline  

Since the implementation of the Recovery Plan, the Great Lakes piping plover has increased, 
though not dramatically, from 51 breeding pairs in 2002 to an estimated 63 breeding pairs in 
2008 (USFWS 2009b). The highest count was in 2009 with more than 70 breeding pairs, but the 
population since declined to 55 breeding pairs in 2011 (Cavalieri 2012). In 2012, 58 breeding 
pairs were detected across the Great Lakes basin in Michigan, Wisconsin and Ontario (USFWS 
2012f). The primary reason for the increased hatching success and breeding pairs is thought to be 
due to exclosures (i.e., caging of active plover nests), salvage and captive rearing, and predator 
removal. Nest caging began in the 1980s and hatching success rose from approximately 30 
percent to over 90 percent. Although the use of predator exclosures has reduced egg predation 
(USFWS 2009b), chicks and adults remain vulnerable to a variety of terrestrial and avian 
predators (Melvin et al. 1992).  

In addition to nest predation, inundation of eggs at reservoirs is a management concern and has 
been identified as a threat (Anteau et al. 2012). Because plovers prefer nest sites that are low 
relative to water level they are at risk of inundation from increasing reservoir levels during the 
nesting period. Nest site selection for bare substrates and sparse vegetation makes piping plovers 
vulnerable to the selection of artificial sites such as roads (USFWS 2009b). 

Despite apparent piping plover population increases between 2003 and 2008, yearly fledgling 
rates vary from year to year and are dependent on several external factors. Extreme storm events 
can temporarily raise Great Lakes water levels, thereby flooding and destroying nest sites. 
Predation and human activities may also have a detrimental impact on annual fledgling rates 
(USFWS 2009b).  

Various population models for piping plover (Ryan et al. 1993; Plissner and Haig 2000; Larson 
et al. 2002; McGowan and Ryan 2009) suggest that the Great Lakes population is at high risk of 
extinction, possibly within a few decades, and that population growth rates are, on average, 
negative. However, modeling of extinction/recovery probability is difficult because the range of 
the population, including breeding and wintering seasons, is difficult to capture, and because 
important population parameter estimates have high uncertainty (McGowan 2012).  

3.8 BALD EAGLE 

3.8.1 Species Description 

The bald eagle (Haliaeetus leucocephalus) is the second largest raptor species occurring in North 
America. Adult bald eagles are characterized by their white head and tail, while the rest of their 
body is dark brown. Males and females are similar in appearance, although females are generally 
25 percent larger than males. Bald eagles range from 71 – 96 centimeters (28 – 38 inches) in 
length, have a wingspan of 168 – 244 centimeters (66 – 96 inches), and weigh between 3.0 to 6.3 
kilograms (6.6 – 13.9 pounds; Palmer et al. 1988; Buehler 2000). Adult plumage does not occur 
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until eagles are about 5.5 years old (McCollough 1989; Buehler 2000). Juveniles have a dark 
brown body, including the head, tail, and wings, with white mottling underwing and on the belly, 
a black-gray bill, and a brown iris. As an eagle matures, it undergoes a series of molts with its 
largely brown head and tail gradually becoming white and white mottling on its body initially 
increasing, but eventually becoming dark brown. In addition to changes in plumage coloration, 
the bill gradually changes from black-gray to yellow, and iris from dark brown to yellow. Bald 
eagles have long, broad wings which require a considerable amount of energy to flap, thus eagles 
typically soar or glide when possible.  

3.8.2 Species status 

3.8.2.1 Listing Status 

The bald eagle was listed as an endangered species in 1966 under the Endangered Species 
Preservation Act. Between human persecution reducing their survival and the rising use of 
pesticides reducing reproduction in the mid to late 1900s, bald eagles, which were once 
widespread, were reduced to an estimated population of just 417 breeding pairs in the contiguous 
U.S. (Buehler 2000). Following their listing and protection under the Endangered Species 
Preservation Act and the banning of pesticides, the bald eagle population rebounded to more than 
5,000 breeding pairs by the late 1990s. By 2007, a spring survey conducted by the USFWS 
revealed that their population had reached 9,789 breeding pairs in the lower 48 states. In October 
2007, the USFWS determined that the bald eagle population had reached a sufficient size to 
warrant their removal from the federal list of threatened and endangered species. The bald eagle, 
however, remains protected under the Bald and Golden Eagle Protection Act24 (BGEPA), the 
Migratory Bird Treaty Act, and the Lacey Act. At the state level, bald eagles are considered 
threatened in the states of Illinois and Minnesota, endangered in Indiana, Iowa, and Missouri, 
and under other protected statuses in Wisconsin and Michigan (USFWS 2009a). 

Bald and golden eagles are afforded legal protection under authority of the BGEPA. BGEPA 
prohibits the take, sale, purchase, barter, offer of sale, purchase, or barter, transport, export or 
import, at any time or in any manner of any bald or golden eagle, alive or dead, or any part, nest, 
or egg thereof. Take is defined as “pursue, shoot, shoot at, poison, wound, kill, capture, trap, 
collect, molest, or disturb,”25 and includes criminal and civil penalties for violating the statute. 
Disturb is defined as agitating or bothering an eagle to a degree that causes, or is likely to cause, 
injury, or either a decrease in productivity or nest abandonment by substantially interfering with 
normal breeding, feeding, or sheltering behavior.  

In 2009, the USFWS promulgated a final rule on two new permit regulations that specifically 
authorize under BGEPA the non-purposeful (i.e., incidental) take of eagles and removal of eagle 
nests in certain situations. 26 The permits authorize limited take of bald and golden eagles; 

                                                 
24 16 U.S.C. 668–668d. 
25 16 U.S.C. 668c. 
26 50 CFR §22.26 and §22.27. 
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authorizing individuals, companies, government agencies and other organizations to disturb or 
otherwise take eagles in the course of conducting lawful activities. To facilitate issuance of 
programmatic take permits for wind energy facilities the USFWS finalized the Eagle 
Conservation Plan Guidelines (ECPG). If eagle risk is identified at a facility site, developers are 
strongly encouraged to follow the ECPG. The ECPG describes specific actions that are 
recommended to achieve compliance with the regulatory requirements in BGEPA for a 
programmatic take permit27. The ECPG provides a framework for assessing and mitigating risk 
specific to eagles through development of Eagle Conservation Plans (ECPs) and issuance of 
programmatic take permits for eagles at wind energy facilities. ECPs are developed to aid wind 
energy facilities or other companies in avoiding and minimizing potential impacts to eagles, 
predict levels of fatality associated with their facility, and apply for take authorization under the 
BGEPA.  

Bald eagles are protected under the MBTA. The MBTA implements four treaties that provide for 
international protection of migratory birds. It is a strict liability statute, meaning that proof of 
intent, knowledge, or negligence is not an element of an MBTA violation. Actions resulting in a 
“taking” or possession (permanent or temporary) of a protected species, in the absence of a 
USFWS permit or regulatory authorization, are violations of the MBTA. The MBTA states, 
“Unless and except as permitted by regulations… it shall be unlawful at any time, by any means, 
or in any manner to pursue, hunt, take, capture, kill… possess, offer for sale, sell …purchase … 
ship, export, import …transport or cause to be transported… any migratory bird, any part, nest, 
or eggs of any such bird ….[The Act] prohibits the taking, killing, possession, transportation, 
import and export of migratory birds, their eggs, parts, and nests, except when specifically 
authorized by the Department of the Interior…”).28 The word “take” is defined by regulation as 
“to pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to pursue, hunt, shoot, 
wound, kill, trap, capture, or collect…”).29 Bald and golden eagles are protected by the MBTA in 
addition to BGEPA.  

Bald eagles are also protected under the Lacey Act which was passed in 1900. Take, possession, 
transport, sale, import, or export of eagle nests, eggs, or parts that are taken in violation of state, 
tribal, or U.S. law is considered a federal offense under the Lacey Act. False records, labels, or 
identification of wildlife shipped, importation of injurious species, and shipment of fish or 
wildlife in an inhumane manner is also prohibited under the Lacey Act. 

3.8.2.2 Range and Population Status 

Bald eagles are widespread throughout North America, with the largest breeding populations in 
Alaska and Canada (USFWS 2009a). The total population of bald eagles within the 
U.S. (excluding Alaska) is estimated at about 68,923 individuals in the lower 48 states 
(USFWS 2009a). The Great Lakes population, which occurs in the Plan Area, accounts for forty 

                                                 
27 50 CFR §22.26 and §22.27. 
28 16 U.S.C. 703. 
29 50 CFR 10.12. 
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percent (27,617 eagles) of the bald eagle population (USFWS 2009a). USFWS Region 5 (the 
Mid-Atlantic and New England region) contains the second largest population in the lower 48 
with an estimated 14,021 individuals, followed by Region 4 with 13,111 individuals (USFWS 
2009a). Bald eagles are less abundant throughout the western U.S. with an estimated total of 
14,175 individuals (21 percent of the total population in the lower 48) in Regions 1 (Pacific), 
2 (Southwest), 6 (Mountain-Prairie), and 8 (Pacific southwest) combined. 

3.8.2.2.1 Breeding Range 

The breeding range of the bald eagle coincides with rivers, lakes, and coastal areas throughout 
North America. The largest breeding populations are found in Alaska and Canada, primarily in 
coastal areas (Campbell et al. 1990; Buehler 2000; USFWS 2009a). There are large breeding 
populations in the Great Lakes region, along the Atlantic coast from Maryland to Florida, as well 
as in the Pacific Northwest (Curnutt and Robertson 1994; Buehler 2000; USFWS 2009a). 
Smaller breeding populations occur along the Gulf of Mexico and in the Rocky Mountains 
(Buehler 2000; USFWS 2009a). Bald eagles also breed in the southwestern U.S., but their 
numbers there are low compared to the rest of the country. Within the Plan Area, the largest 
breeding populations are in Minnesota, Wisconsin, northern Michigan, and along the upper 
Mississippi River (Figure 3-13). Bald eagles also nest in Iowa, Missouri, Illinois, Indiana, and 
Ohio, particularly along rivers, but are not as abundant in these Plan Area states (USFWS 2007a; 
Sauer et al. 2014). 

Figure 3-13. Documented Bald Eagle Nest Sites  
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3.8.2.2.2 Winter Range 

The winter range of the bald eagle includes the coasts of southeastern Alaska, British Columbia 
(Campbell et al. 1990), Washington, Oregon, northern California, Maine, Nova Scotia, New 
Brunswick, South Carolina south through Florida, Mississippi, Alabama, Louisiana, and Texas, 
rivers of Washington, Oregon, and northern California, rivers and upland areas extending from 
southern Alberta (Semenchuk 1992) south to the southeastern U.S., river systems in the upper 
Midwest and points south through Texas, the Chesapeake Bay, and rivers and lakes throughout 
the southeastern U.S. (Buehler 2000). According to Christmas Bird Count data, wintering bald 
eagles have been documented in all 8 states within the Plan Area, but are primarily concentrated 
along the Mississippi and Missouri Rivers (Figure 3-14; National Audubon Society 2010).  

Figure 3-14. Bald Eagles at Christmas Bird Count 
 

3.8.3 Life History and Habitat Requirements 

3.8.3.1 Life History 

Northern breeding populations return to their breeding grounds between January and March 
(Buehler 2000). Breeding typically occurs in early spring in the northern U.S., Alaska, and 
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Canada, but may begin as early as October along the Gulf Coast and in Florida (USFWS 2009a). 
Little is known regarding pair formation, but it likely takes place on the breeding grounds, 
although there is evidence that that this may occur on wintering grounds as well (Harmata 1984; 
Stahlecker and Smith 1993; Buehler 2000). Nest building and nest repair typically begin 1 to 3 
months before egg laying (Buehler 2000), usually around February in the Plan Area, although 
resident (non-migratory) eagles with existing nests may perform nest maintenance year round 
(Herrick 1932). Bald eagle nests, which are built by both sexes, are large stick nests ranging 
from 1.5 – 1.8 meters in diameter and 0.7 – 1.2 meters tall (Buehler 2000). From start to 
completion, the nest building process typically takes 1 to 3 months length, after which egg laying 
begins. Egg laying may occur as early as February in southern portions of the Plan Area and as 
late as April throughout northern portions of the Plan Area. Eagles typically lay two eggs, but 
clutch size may range from one to three eggs. The incubation period is usually around 35 days in 
6.5 length (Buehler 2000). Both sexes tend to young, and females will brood chicks until they are 
approximately four weeks old (Stalmaster 1987; Gerrad and Bortolotti 1988; Buehler 2000). 
Young do not leave the nest until they are between 8 and 14 weeks old. Within the Plan Area, 
young typically fledge between June and August. Many eagles, particularly those at inland 
breeding grounds north of 40̊ N, either migrate south to portions of the U.S. for the winter or 
move to nearby coastal areas or rivers that do not freeze over (Buehler 2000), while those at 
more southern latitudes typically remain at their breeding grounds year round. In some areas, 
timing of migration coincides with food resources, such as the salmon runs in Alaska and the 
Pacific Northwest (Hunt et al. 1992). Bald eagles breeding in the northern U.S. typically migrate 
to the closest coast or south along river systems, but those that do not will usually move to the 
closest food source (Swenson et al. 1986; Buehler 2000). Within the Plan area, eagles tend to 
concentrate along rivers during the winter, particularly the Mississippi and Missouri Rivers. Bald 
eagles may live up to 28 years in the wild (Schempf 1997). Throughout much of their range, 
survival is high for most age classes, although there is evidence that juveniles and migratory 
populations may have lower survival rates (Buehler et al. 1991a; Wood 1992). 

3.8.3.2 Breeding Habitat 

Bald eagles typically nest along forested coasts, rivers, streams, reservoirs, or large lakes 
(Buehler 2000; USFWS 2009a). Within the Plan Area, the largest breeding populations occur 
around the Great Lakes and other large bodies of water or rivers in the northern portion of the 
Plan Area (Figure 3-13). Nests are often constructed in mature or old-growth trees and snags 
within 2 kilometers of food resources (Buehler 2000; USFWS 2009a), and less commonly on 
cliffs, rocky outcrops, and man-made structures (USFWS 2009a). Bald eagles typically choose 
the largest nest tree available with the appropriate limb structure to support their nests, good 
visibility, and easy access (Buehler 2000). Eagles also tend to select nest trees that, on average, 
are greater than 500 meters from human development (Buehler 2000), although some will build 
within 100 meters of development. Nest tree diameter ranges from 50 to 190 centimeters and 
nest height ranges from 20 to 60 meters (Stalmaster 1987). Nests are generally built against or 
close to the tree trunk, just below the crown of the tree (Buehler 2000). 
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3.8.3.3 Hunting Habitat/Habits 

Bald eagles primarily hunt from perches or by soaring above foraging areas (Buehler 2000). 
Eagles may also hunt on the ground, wade in water after prey, or hunt in pairs, but these methods 
of hunting are not as common (Stalmaster 1987). Foraging activity occurs most frequently during 
the early morning hours (Stalmaster 1983; Steenhof 1983; Mersmann 1989; Buehler 2000). The 
diet of the bald eagle consists primarily of fish, but they will also eat birds, mammals, and 
reptiles (Buehler 2000). While most prey is captured in flight, eagles will opportunistically feed 
on carrion; feeding on deer carcasses and at confinement facilities (i.e. hog farms or other 
livestock facilities) can make a large component of bald eagle diets especially in the winter. 
Bald eagles usually hunt over areas of open water, although they may hunt over land at times. 
Their diet can vary widely, but fish generally make up more than 90 percent of their diet 
(Retfalvi 1970; Dunstan and Harper 1975; Todd et al. 1982; Cash et al. 1985; Kozie and 
Anderson 1991; Watson et al. 1991; Stalmaster and Plettner 1992; Mabie et al. 1995; Jackman et 
al. 1999).  

3.8.3.4 Winter Habitat 

The winter range of the bald eagle includes the coasts of southeastern Alaska, British Columbia 
(Campbell et al. 1990), Washington, Oregon, northern California, Maine, Nova Scotia, New 
Brunswick, South Carolina south through Florida, Mississippi, Alabama, Louisiana, and Texas, 
rivers of Washington, Oregon, and northern California, rivers and upland areas extending from 
southern Alberta (Semenchuk 1992) south to the southeastern U.S., river systems in the upper 
Midwest and points south through Texas, the Chesapeake Bay, and rivers and lakes throughout 
the southeastern U.S. (Buehler 2000). Wintering bald eagles have been documented in all 8 
states within the Plan Area (National Audubon Society 2010). Bald eagles generally winter in 
temperate zones at lower elevations (Bailey 1989), but some winter at much higher elevations in 
the western U.S. (Harmata 1984; Buehler 2000). Most concentrate along river systems and 
coastal areas during the winter. In the Plan Area, wintering bald eagles concentrate along major 
rivers systems such as the Mississippi and Missouri Rivers (National Audubon Society 2010). 
Wintering habitat is typically limited to aquatic habitats that contain suitable food resources and 
roosting sites (tall trees) that are away from human development (Buehler 2000). However, if 
bald eagles find an abundant food source, they may choose to winter there despite nearby human 
development or disturbance (Steenhof 1976; Buehler 2000).  

3.8.3.5 Movement/Home Range 

Bald eagle home range size varies based upon location, time of year, breeding status, and food 
availability (Griffen and Baskett 1985; Buehler 2000). Home range size may vary considerably 
even within the same region. For example, in Oregon, average home range size is 6.6 square 
kilometers at Klamath Lake (Frenzel 1984) yet 21.6 square kilometers along the Columbia River 
(Garrett et al. 1993). Among breeding pairs, home range size is the same for both the male and 
female (Gerrard et al. 1992a). Unlike breeding adults, nonbreeding bald eagles are not tied to a 
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particular location and tend to wander quite widely. As such, their home range size can be 
substantial, often well over 10,000 square kilometers (Buehler et al. 1991b). Home range sizes 
exceeding 55,000 square kilometers have been observed for some nonbreeding bald eagles 
(Grubb et al. 1994). Bald eagles also defend territories, often using the same territory each year 
(USFWS 2009a). Territory size ranges from 0.5 square kilometer up to 4 square kilometers 
(Hodges and Robards 1982; Stalmaster 1987; Gerrard et al. 1992b; and Buehler 2000). 

3.8.3.6 Demographics 

Bald eagles may begin breeding once they are 4 to 5 years of age, raising just one brood per 
season. Bald eagle reproductive success has varied significantly over the last century. Following 
the widespread use of pesticides, particularly DDT, reproductive success plummeted throughout 
much of its breeding range. For example, in the Chesapeake Bay, nest success and productivity 
dropped from 79 percent in the 1930s and 1940s to 14 percent by 1962 with the number of young 
produced per occupied territory falling from 1.6 to 0.2 (Tyrrell 1936; Abbott 1962; Buehler 
2000). As a result, bald eagle populations also plummeted significantly during this time period, 
reaching a low of just 417 breeding pairs in the contiguous U.S.  Following their listing and 
protection under the Endangered Species Preservation Act and the banning of pesticides, bald 
eagle reproductive success rebounded significantly, as did their population size. By the 1990s, 
reproductive success had greatly improved, although in the areas heaviest hit by pesticide use, 
reproductive success was still considerably lower than that observed prior to the use of pesticides 
(Buehler 2000). Presently, survival rate is high for most age classes throughout much of their 
range. However, there is evidence that juveniles and migratory populations have lower survival 
rates (Buehler et al. 1991a; Wood 1992).  

3.8.4 Threats 

3.8.4.1 Habitat Loss/Degradation 

The primary threat to bald eagle habitat is human development of bald eagle nesting, hunting, 
and wintering grounds which can limit population growth (Fraser et al. 1996; Buehler 2000). 
While bald eagles have different tolerances toward human development, most tend to avoid these 
areas for nesting (Fraser et al. 1985) roosting (Buehler et al. 1991b), and hunting purposes 
(Buehler et al. 1991b). Disturbance from human development may cause temporary or even 
permanent habitat loss if eagles in habitats adjacent to development abandon their nesting, 
hunting, or roosting sites (Fraser et al. 1985; Buehler 2000, USFWS 2009a). Nonetheless, some 
eagles have shown a remarkably high tolerance towards human development (USFWS 2009a).  

3.8.4.2 Human Disturbance and Recreation 

Humans can negatively affect bald eagles both directly and indirectly in a variety of ways and 
represent the leading cause of mortality for bald eagles (Buehler 2000). Eagles are killed directly 
by humans due to gunshot, trapping, illegal take, and poisoning. Between 2006 and 2011, 737 
bald eagles were shot, 195 were trapped, 18 were illegally taken, and 1,257 were poisoned in the 
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U.S. (Allison 2012). Eagles are indirectly affected by humans due to human activity or man-
made structures. Between 2006 and 2011 in the U.S., 199 bald eagles were killed due to 
collisions with vehicles, 85 due to collisions with aircraft, 33 due to electrocution, 28 due to train 
collisions, 22 due to collisions with wires, and 1 due to a wind turbine collision (Allison 2012). 
Between 1963 and 1984, 1,428 bald eagle necropsies conducted by the National Wildlife Health 
Center revealed that 21 percent of these deaths resulted from collision (Wood et al. 1990; 
Buehler 2000). Human activity and recreation can also negatively impact bald eagles.  

Based on the cause of 1,553 bald eagle mortalities in the Great Lakes Eagle Management Unit 
identified in a USFWS dataset spanning from 1963 to 2015, the leading cause of human caused 
mortality was lead, pesticide, and other poisoning (333 bald eagles), followed by shooting (199), 
electrocution (154), trapping (49), and collision with lines, vehicles, wind turbines and 
wires (32). The cause of mortality for the remaining 786 bald eagles was identified as disease, 
disease-infection, drowned, emaciation, killed by another animal, killed by another eagle, not 
applicable, other, trauma, or unknown.  

Studies have demonstrated that bald eagle response to human activity varies greatly (USFWS 
2009a). The degree of disturbance to eagles may be influenced by the duration, noise level, 
and/or visibility of the activity, but also by the degree habituation to and tolerance of human 
activity by a given pair (USFWS 2009a). Some bald eagles are much more tolerant of human 
activity (recreation, research, aircraft, forestry, agriculture, or construction activities; Buehler 
2000) than are others (USFWS 2009a). Human disturbance can cause adult bald eagles to leave 
their nests for long periods of time which can put their eggs or nestlings at risk. Eggs can 
overheat on a hot sunny day or cool far too much on a cold day if the adults are off of the nest 
too long (USFWS 2009a). With the adults gone, eggs or young are susceptible to predation 
(USFWS 2009a). Human activity may also startle older bald eagle chicks, causing them to fledge 
too early which can significantly reduce their chances of survival.  

3.8.4.3 Wind Turbine Mortality 

Bald eagle mortalities have been documented at existing wind energy facilities. As of 2015, 18 
bald eagle mortalities associated with wind turbine collisions have been confirmed and all of 
these mortalities were discovered incidentally (i.e., not detected during standardized carcass 
searches). According to publicly available information, 18 bald eagle mortalities have been 
documented at commercial-scale wind energy facilities, 10 of which were in the Plan Area. 
However, based on the available information, the existing level of bald eagle mortality attributed 
to collision with wind turbine blades appears to comprise only a very small amount of the overall 
anthropogenic sources of bald eagle mortality in the U.S. and the Plan Area.  

3.8.4.4 Environmental Contaminants/Pesticides 

Environmental contaminants, which are tied to human activity, are another major source of 
mortality in bald eagles. These include lead shot, heavy metals, a variety of pesticides including 
DDT, dieldrin, and PCBs, and oil spills. Bald eagles feeding on waterfowl or other animal 



Affected Environment and Biological Resources Chapter 3 

Midwest Wind Energy Multi-Species Conservation Plan April 2016 
Public Review Draft Page 3-84 

carcasses shot by hunters may ingest lead shot which can accumulate over time, eventually 
leading to lead poisoning (Buehler 2000). Birds may suffer from either acute lead poisoning 
when birds ingest a large amount of lead over a short period, or chronic lead poisoning, when 
birds ingest a small amount of lead or ingest small amounts of lead over a long time period, 
slowly becoming weak and then eventually dying (Francisco et al. 2003) In 1991, the use of lead 
shot for waterfowl hunting was banned, however it is still widely used for hunting large game 
animals (Grund et al. 2010; Russell and Franson 2014). In the years immediately following the 
ban, there was not a significant change in the number of eagles admitted to the Raptor Center at 
the University of Minnesota that were found to have lead poisoning, suggesting ingestion of lead 
from other sources such as game animal carcasses or lead sinkers used in fishing (Kramer and 
Redig 1997; Buehler 2000; Hunt et al. 2006; Allison 2012; Russell and Franson 2014). When 
considering bald eagles submitted to the USGS NWHC between 1975 and 2013, the proportion 
diagnosed with lead poisoning was significantly greater after the 1991 ban than before (Russell 
and Franson 2014). In the upper Midwest, 60 percent of bald eagles tested for lead had detectable 
concentrations of lead with lethal levels in 38 percent of those tested (Warner et al. 2014). Of 82 
bald eagles admitted to Iowa wildlife rehabilitator sin 2008, 62 were tested revealing that 62.9 
percent tested showed poisoning levels of lead in their blood or liver, while 11.2 percent had 
non-lethal levels of lead in their liver or blood (Neumann 2009). The use of pesticides, 
particularly DDT, can have devastating effects on bald eagles, decreasing their reproductive 
success and survival and leading to significant population declines. Heavy metals such as 
mercury, found in fish, the primary prey of bald eagles, can build up over time to dangerous 
levels in bald eagles. Coastal oil spills are also a serious threat to bald eagles. During the 5 
months following the 1989 Exxon Valdez oil spill it is estimated that approximately 902 bald 
eagles were killed as a result of the spill (Bowman et al. 1993). 

3.8.4.5 Disease 

Few birds suffering from disease are ever recovered (Buehler 2000), but those that are have been 
found to have died from peritonitis, pneumonia, enteritis, septicemia, avian cholera, 
aspergillosis, hepatic necrosis, myocardial infarction, and avian pox (Kaiser et al. 1980; 
Clark 1985; Buehler 2000). Parasites found during necropsies, although not necessarily the cause 
of death, include trematodes, nematodes, Mallophaga, one protozoan, and one genus of 
Acanthecephela (Buehler 2000). Known nest parasites include Haematosiphon inodorus, 
(Grubb 1986) and Protocalliphora avium (Bortolotti 1985). 

3.8.5 Environmental Baseline Summary 

The bald eagle population in the lower 48 states as of 2009 (USFWS 2009a) is estimated at 
68,923 individuals a drastic improvement from their numbers during the 1960s which were 
estimated at just 834 individuals. The largest breeding populations are found in Canada and 
Alaska. In the lower 48 states, bald eagles are widespread, but the largest breeding population is 
in the Great Lakes region (USFWS 2009a), which is comprises the Plan Area. The population 
within the Plan Area in 2009 is estimated at 27,617 individuals. Survey data since 2009 indicates 
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that the bald eagle population in the lower 48 states and in the Great Lakes region may have 
increased substantially since then (USFWS unpublished data). The bald eagle population has 
rebounded to the point that bald eagles are no longer listed as a federally endangered species; 
however human disturbance, development, and environmental contaminants will continue to 
pose a threat to bald eagles. 

Primary ongoing human threats to bald eagles include habitat degradation, disturbance, collisions 
with manmade structures, electrocution, poisoning, and shooting (Fraser et al. 1996; Buehler 
2000; Allison 2012). According to Allison et al. (2012), poisoning accounts for 36.8 percent of 
known bald eagle fatalities, shooting accounts for 21.5 percent, and electrocution 10.4 percent. 
Lead poisoning in particular continues to be an ongoing threat to bald eagles. In the upper 
Midwest, 60 percent of bald eagles tested for lead had detectable concentrations of lead with 
lethal levels in 38 percent of those tested (Warner et al. 2014). In Iowa, 62.9 percent of bald 
eagles admitted to Iowa wildlife rehabilitators in 2008 showed poisoning levels of lead in their 
blood or liver, while 11.2 percent had non-lethal levels of lead in their liver or blood 
(Neumann 2009). Other sources of mortality include vehicle, aircraft, and train strikes, collision 
with overhead lines, collision with turbines, trapping, and illegal take (Allison 2012). According 
to Allison et al. (2012), aircraft collisions account for 5.8 percent of bald eagle fatalities. 
Between 1985 and 2007 there have been 98 bald eagle aircraft strikes, although nearly 50 percent 
of these strikes occurred in Alaska (USFWS 2009a). Collisions with vehicles and trains are less 
common. To date, based upon publicly available information, there are 8 known bald eagle 
fatalities due to turbine collisions, seven of which occurred at utility-scale wind energy facilities 
(Allison 2012; Pagel et al. 2013; R. Nelson pers. comm.). Climate change is also major threat to 
bald eagles and has already led to changes in egg-laying dates and shifts in winter range 
(Allison 2012). Warming temperatures could also impact the abundance and distribution of their 
primary prey, which in turn could negatively impact bald eagle populations (Allison 2012).  
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CHAPTER 4. TAKE ASSESSMENT AND IMPACT OF TAKE 

4.1 INTRODUCTION 

The Midwest Wind Energy Multi-Species Habitat Conservation Plan (MWE) take assessment 
estimates the level of take and the expected impact of the taking for each of the Covered Species 
that could result from implementation of the Covered Activities (described in Chapter 2). Under 
section 10 of the Endangered Species Act (ESA), habitat conservation plans (HCPs) are required 
to specify the level of take of threatened and endangered species and “the impact which will 
likely result from such taking.”1 The assessment includes the likely effect of implementation of 
avoidance and minimization measures (AMMs; e.g., turbine cut-in speed requirements) on take 
of covered bird species and non-operations-related AMMs. Operations-related AMMs for the 
covered bat species are not included in estimating the level of take and the impact of the taking 
for covered bat species because of the uncertainties regarding estimating the level of take on a 
Plan Area-wide basis (see Section 4.10) and the effectiveness of the operations-related AMMs. 
Wind energy facilities, however, are required to implement the covered bat species operations-
related AMMs presented in Tables 5-4, 5-6, and 5-8 (i.e., cut-in speed restrictions). 
Consequently, based on facility-specific fatality monitoring, actual take of the covered bat 
species is expected to be less than the estimated level of take assessed in this chapter. Mitigation- 
and monitoring-related activities will not result in take or indirect impacts on the Covered 
Species and, therefore, are not evaluated in this take assessment. Monitoring activities will 
include the capture, collection of carcasses and injured individuals, handling, transport, and 
disposal of Covered Species that have been taken as a result of wind energy facility construction 
and operations.2  

For each Covered Species, this section describes the mechanisms by which Covered Activities 
could result in take of or indirect impacts on the Covered Species, an estimate of the Plan Area-
wide level of take, an assessment of the impacts of take on the species, and the impacts on 
critical habitat designated for the Covered Species. Methods and results of the take assessment 
are provided for each Covered Species. 

4.1.1 Take Definition 

The ESA defines “take” as “…to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 
collect, or to attempt to engage in any such conduct.”3 Within the definition of take, the term 
“harm” is further defined by U.S. Fish and Wildlife Service (USFWS) regulations as “an act 
which actually kills or injures wildlife. Such act may include significant habitat modification or 
degradation where it actually kills or injures wildlife by significantly impairing essential 

                                                 
1 16 USC §1539(a)(2)(A)(i). 
2 Any take of Covered Species that could be associated with implementing the monitoring activities described in 
Chapters 5 and 7 will be covered under Endangered Species Act (ESA) section 10(a)(1)(A) permits issued to 
individuals that will be implementing the monitoring. 
3 16 USC §1532(19). 
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behavioral patterns, including breeding, feeding, or sheltering.”4 Within the definition of take, 
the term “harass” is further defined by USFWS regulations as “…an intentional or negligent act 
or omission which creates the likelihood of injury to wildlife by annoying it to such an extent as 
to significantly disrupt normal behavioral patterns which include, but are not limited to, 
breeding, feeding or sheltering.”5  

4.1.2 Impact Categories 

Potential impacts associated with implementation of the Covered Activities that could result in 
take of Covered Species are categorized as direct, indirect, permanent, and temporary. These 
terms are defined and used in the MWE as follows.  

• Direct Impacts. Direct impacts on a Covered Species are those impacts that result from 
the implementation of Covered Activities at the time and place of project implementation 
(e.g., construction-related ground, noise, and visual disturbances; collisions of individuals 
with wind turbine rotor blades). Direct impacts can be permanent or temporary.  

• Indirect Impacts. Indirect impacts on a Covered Species are those impacts that are 
caused by a Covered Activity later in time, but are still reasonably certain to occur.6 For 
example, indirect impacts on a species could result from the removal of habitat during a 
seasonal period the species is not present, but which is no longer available to the species 
during the subsequent seasons of use. 

• Permanent Impacts. Permanent impacts are effects of Covered Activities that result in 
the injury or mortality of individuals of a Covered Species; irreversible permanent 
removal, degradation, or alteration of habitat; or long term impairment of the habitat 
functions.  

• Temporary Impacts. Temporary impacts are effects of Covered Activities that alter the 
behavior of a Covered Species for the short duration of a temporary activity (e.g., an 
individual avoids foraging in a patch of habitat during the period of time that heavy 
equipment is being operated in the habitat patch); alter the habitat conditions that support 
Covered Species for a short period following implementation of the activity; or alter the 
functions of habitat for Covered Species for a short duration following implementation of 
the activity. Impact mechanisms that may temporarily affect Covered Species include 
disturbances, such as noise and lighting associated with the operation of construction 
equipment.  

                                                 
4 50 CFR §17.3. 
5 50 CFR §17.3. 
6 Based on the ESA definition of indirect effects in 50 CFR §402.02. 
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4.2 METHODS 

4.2.1 Estimates of Baseline and Future Wind Energy Development 

This section describes the approach used for determining the baseline and future wind energy 
development conditions used in the take assessment for the MWE. A spatial model for wind 
energy development that was integral to the development of the baseline and future conditions is 
briefly described. 

4.2.1.1 Baseline Conditions  

The baseline environmental conditions affecting Covered Species are assumed to include all past 
and present impacts of all federal, state, and private actions and other human activities in the 
Plan Area up to the end of 2015. Information to describe baseline conditions for wind energy 
development is in two parts: (1) existing development through March of 2015 and (2) projected 
wind energy development from April through December 2015. 

At the end of March 2015, there were 17,129 Megawatts (MW) of installed capacity as identified 
by the American Wind Energy Association in the Plan Area, distributed among the states as 
follows: 

• Iowa – 5,713 MW 

• Illinois – 3,568 MW  

• Indiana – 1,745 MW 

• Michigan – 1,531 MW 

• Minnesota – 3,034 MW 

• Wisconsin – 649 MW 

The extent of expected wind energy capacity that will come on line for April-December 2015 
was assumed to be 50 percent of the wind energy facilities that were under construction as of 
March 2015. A total of 1,748.4 MW of capacity were under construction as of March 2015 (J. 
Anderson, pers. comm.) distributed among the states as follows: 

• Iowa – 525.0 MW 

• Illinois – 523.1 MW  

• Indiana – 20.0 MW 
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• Michigan – 60.0 MW 

• Missouri – 0 MW  

• Minnesota – 370.3 MW 

• Wisconsin – 0 MW 

Based on this information, it was assumed that 875 MW (50 percent of 1,748.4 MW rounded up) 
would come on line by the end of 2015. Adding 17,129 MW of existing installed capacity 
through March 2015 and 875 MW of new capacity prior to MWE implementation in 2016, it is 
estimated there will be 18,004 MW included in the environmental baseline for the take 
assessment.  

4.2.1.2 Wind Energy Development Potential (“Build-Out”) Model 

To aid in estimating the potential level of Covered Species take associated with the future 
development of 33,000 MW of wind energy development under the MWE (see Chapter 2), a 
model was developed to spatially generate a reasonable simulation of potential locations of 
future wind energy facilities within the Covered Lands (see Section 1.6). It is not exactly known 
where wind energy facilities will be developed, but a predictive model can be used to generate 
realistic scenarios of how build-out of future wind energy development might be distributed 
across the Covered Lands. A model for build-out of wind energy facilities that are included in 
the Covered Activities (referred to as the “build-out model”) was specifically developed for the 
take assessment. This spatial model was used for estimating impacts on Covered Species habitat 
and for estimating the potential level of Covered Species take associated with wind turbine 
operations. The details of the build-out model used to describe the baseline conditions and future 
wind energy development are provided in Appendix B.  

4.2.2 Bat Species Take Assessment Methods 

This section provides a description of the methods used to assess the level of covered bat species 
take associated with implementation of Covered Activities. A description of alternate covered 
bat species take assessment scenarios that were evaluated in the course of conducting the take 
assessment are described in Section 4.10. 

4.2.2.1 Impacts from Habitat Loss/Degradation 

Removal of forest habitat that will be required for construction of some wind energy facilities 
will result in a reduction of covered bat species roosting and foraging habitat. These impacts on 
habitat could result in take (i.e., “harm”) of the covered bat species. Although land cover types 
other than forest may be disturbed or removed during construction and operation of wind energy 
facilities, such as Cultivated Crops, Developed (High, Medium, or Low Intensity), Shrub/Scrub, 
or Grassland/Herbaceous (as defined in Jin et al. 2011), forest land cover types, including 
Deciduous Forest, Evergreen Forest, Mixed Forest, and Woody Wetlands (as defined in Jin 
et al. 2011) are believed to be those that are most likely to be impacted and are most limiting and 
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important for the covered bat species. To the extent that cover types impacted by the Covered 
Activities include water features (e.g., ponds and streams important to bats for drinking and 
foraging), such impacts are expected to largely be avoided during construction activities through 
each wind energy facility’s compliance with federal and state laws and regulations (see 
Section 5.1.3.3). Therefore, habitat impacts for the covered bat species are described as they 
relate only to impacts on forested land cover types. 

To understand the potential impact of forest habitat removal on covered bat species, a geographic 
information systems (GIS) analysis was performed by overlaying areas of potential covered bat 
species summer habitat with build-out model generated maps to determine the estimated amount 
of habitat that is likely to be removed within the Plan Area. The following assumptions were 
used to conduct this analysis: 

• All covered bat species rely on forest habitat to varying degrees during the summer 
reproductive period. 

• Forest habitat included 2011 National Land Cover Database (NLCD) (Fry et al. 2011) 
cover types Deciduous Forest, Evergreen Forest, Mixed Forest, and Woody Wetlands 
(Table 4-1). 

• Suitable Indiana bat habitat was considered to consist of areas between 7 percent and 100 
percent forest cover, per guidance from the USFWS (S. Pruitt pers. comm.; K. Lott pers. 
comm.). 

• Areas with any amount of forest cover were considered to be suitable habitat for the 
northern long-eared bat and little brown bat.  

• A fixed amount of habitat is typically removed; 2 to 5 percent of the total footprint7 of 
each wind energy facility would involve permanent habitat removal, which represents the 
approximate amount of total land surface that is typically converted from original land 
uses to turbine locations and their associated infrastructure (J. Anderson pers. comm.; 
Appendix B). 

Four spatially explicit datasets were developed to model loss of forest habitat, including: 
(1) GIS layers containing geographic ranges of the covered bat species (USFWS 2007b [Indiana 
bat]; Caceres and Barclay 2000 as cited in USFWS 2014a [northern long-eared bat]; IUCN 2012 
[little brown bat]); (2) the Plan Area and Covered Lands GIS layers; (3) the 2011 NLCD; and 
(4) the build-out model. The amount of forest habitat (as identified by the NLCD) within 

                                                 
7 Footprint in this case refers to all land disturbance required to construct a wind energy facility, including 
installation of turbines, turbine pads, collection lines, roads, substations, lay-down areas, and operations and 
maintenance facilities. 
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500 x 500 meter (m) grid cells8 was determined using a moving window procedure in a GIS 
(ArcGIS 10.0; ESRI 2011) (Figure 4-1). The forest habitat layer was then intersected with 100 
iterations9 of the build-out model to determine the mean, 5th, and 95th percentile of forest habitat 
within each covered bat species’ range.  

Table 4-1. Description of 2011 National Land Cover Database Forest Cover Types 
Used to Model the Extent of Forest Habitat within the Covered Lands 

Forest Layer Description 

Deciduous 
Forest 

Dominated by trees generally greater than 5 meters tall, and greater than 20% of 
total vegetation cover. More than 75% of the tree species shed foliage 
simultaneously in response to seasonal change. 

Evergreen 
Forest 

Dominated by trees generally greater than 5 meters tall, and greater than 20% of 
total vegetation cover. More than 75% of the tree species maintain their leaves all 
year. Canopy is never without green foliage. 

Mixed Forest 
Dominated by trees generally greater than 5 meters tall, and greater than 20% of 
total vegetation cover. Neither deciduous nor evergreen species are greater than 
75% of total tree cover. 

Woody 
Wetlands 

Areas where forest or shrubland vegetation accounts for greater than 20% of 
vegetative cover and the soil or substrate is periodically saturated with, or 
covered with water. 

The total amounts of forested habitat within 500 x 500 m cells assumed to be removed by wind 
energy development by the mean, 5th, and 95th percentiles of the build-out models within each 
covered bat species’ range are presented in Table 4-2.  

  

                                                 
8 The choice of 500 m grid cells was driven by computational constraints in developing the build-out model. All 
other data layers were defined to have the same resolution and extent as the build-out model layer. Forest was 
expressed as a percentage within each 500 m grid cell, varying continuously from 0 to 100%. Assuming accuracy of 
the 2011 NLCD data, which had a 30 m resolution, a forest patch as small as 30-by-30 m (900 m2) within a larger 
matrix of non-forested habitat would have corresponded to 0.36% forest cover for a 500 m grid cell (900/250,000 = 
0.0036). Thus, smaller forest fragments would have been represented as long as they were accurately represented by 
the NLCD. It is acknowledged, however, that very small fragments (e.g., 10-by-10 m), might not have been 
detected, but that would have been a limitation of source data layer (NLCD), and not a limitation of the 500 m 
resolution in the modeling. 
9 The mean is believed to be well represented by 100 runs and would likely change very little with additional runs. 
By definition, the 5th and 95th percentiles represent the tails of the distribution, and with 100 runs, there is relatively 
little information about the tails. Thus, additional runs would yield more information about tail behavior. However, 
only the 95th percentile values were used to provide examples of the range of mitigation requirements for impacts on 
Covered Species habitats that are presented in Chapter 5. Therefore, the examples are likely to overstate the amount 
of mitigation that may be required and thus performing additional model runs would have been computationally 
intensive and would likely not have resulted in substantially different mitigation outcomes from those provided in 
the examples. 
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Figure 4-1. Forest Cover in the MWE Covered Lands 
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Table 4-2. Estimated Forest Habitat (Hectares) within Areas of Modeled Build-Out 
(Mean, Lower [5th], and Upper [95th] Percentiles) by State within the 

Range of Covered Bat Species in the Plan Area 

State 

Indiana Bat 
Little Brown and Northern Long-

Eared Bats1 

Mean Lower Upper Mean Lower Upper 
Plan Area 81,176 64,246 100,153 140,885 112,744 173,140 

IA 3,178 479 7,792 7,040 2,701 12,533 
IL 32,227 20,622 44,503 34,137 23,162 46,461 
IN 5,205 2,707 9,331 5,605 3,070 9,700 
MI 29,546 19,090 40,388 37,785 27,642 50,440 
MN 0 0 0 39,877 18,439 65,582 
MO 4,176 1,490 7,369 4,427 1,667 7,587 
OH 6,832 2,954 13,965 7,211 3,343 14,320 
WI 0 0 0 4,800 1,897 10,095 

2% Loss 1,624 1,285 2,003 2,818 2,255 3,463 
5% Loss 4,059 3,212 5,008 7,044 5,637 8,657 

1Northern long-eared bats and little brown bats have the same results because the range of both species had 
100 percent overlap with all states within the Plan Area and therefore the type and amount of forest land cover 
affected is the same for both species. 
 

4.2.2.2 Take from Operations  

The primary mechanism for take of the covered bat species from operation of wind facilities is 
collision with operating turbines. Other forms of harm or harassment from activities such as 
sound, lighting, or vibration are unlikely based on studies that have documented regular bat 
activity in the vicinity of operating turbines, indicating that they are not harmed or harassed by 
these features of operating turbines. While Kunz et al. (2007) suggested that bats may become 
acoustically disoriented upon encountering turbines during migration or feeding, observations of 
bat flight activity using thermal infrared cameras at wind energy facilities suggest that bats are 
able to fly normally and forage in close proximity to wind turbines (Ahlén 2003; Horn et al. 
2008; Cryan et al. 2014).  

For example, a study by Horn et al. (2008) using thermal infrared cameras at the Mountaineer, 
West Virginia wind energy facility showed bats regularly occurring in the vicinity of turbines 
and, in many cases, avoiding spinning turbine blades. From the 998 total bat passes observed in 
the rotor swept area, direct contact with moving blades was observed only five times (0.5 
percent) and avoidance behavior was observed 41 times (4.1 percent). Avoidance involved sharp, 
evasive flight maneuvers, with many instances involving multiple passes in which bats appeared 
to repeatedly investigate turbine blades after multiple near misses, rather than flying off quickly. 
Because other forms of harm or harassment to bats caused by operating wind turbines are 
considered unlikely, the take assessment focuses on take of the covered bat species from 
collision with operating turbines. 
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The best source of information available to estimate impacts to bats from collision with 
operational wind energy facilities is data from fatality monitoring studies at existing wind 
facilities. Several variables are likely to influence mortality rates at wind energy facilities, 
including location relative to bat areas of activity, turbine height, rotor-swept area, turbine cut-in 
speed, geographic location, elevation, topographic location, surrounding habitat types, time of 
year, and weather conditions (USFWS 2011c). Due to the potential influence of these variables 
on mortality rates, it is important to use data that are as representative as possible of the 
conditions in the area for which mortality is being estimated. Several different input datasets 
were considered to evaluate impacts on covered bat species from collision with operating 
turbines. The final datasets selected are described in the following sections. 

The studies used to estimate all bat fatality rates as part of the take analysis are presented in 
Sections 4.3, 4.4, and 4.5 and are limited to those that were conducted in the Plan Area, and were 
further restricted to those that were conducted in the range of each covered bat species. The 
USFWS provided the following additional criteria to select fatality monitoring studies that were 
most appropriate for estimation of all bat fatality rates as part of the take analysis for the Covered 
Species. 

1. Only include studies that had a search interval that was weekly or more frequent.  

2. Only include studies that corrected for carcass persistence and searcher efficiency using 
site-specific data.  

3. Only include studies where the search interval was shorter than the mean carcass 
persistence rate.  

4. For studies that reported more than one mortality rate based on more than one study 
method, only include the mortality rate of the most robust study method.  

5. If the fatality monitoring study included a cut-in speed or deterrent experiment, only 
include the bat fatality estimates from control turbines (i.e., if no control turbines were 
included in the study, the study was not included). 

Based on these criteria, 17 fatality monitoring studies were selected to estimate fatality of all bats 
within the Plan Area. Four of these studies were provided confidentially by cooperating wind 
energy companies and are identified as “template” facilities. Of the 17 studies that were used to 
estimate impacts on bats in the Plan Area, two were conducted in Minnesota, three in Wisconsin, 
three in Iowa, four in Illinois, two in Indiana, and three in Ohio. No studies were available from 
Michigan or Missouri (Table 4-3). Reported bat fatality rates (adjusted for bias such as searcher 
efficiency, carcass removal, and unsearched areas) were variable across the studies and ranged 
from a low of 1.43 bats/MW/study period at the Big Blue facility in Minnesota (Fagen 
Engineering, LLC 2014), to 30.61 bats/MW/study period at the Cedar Ridge facility in 
Wisconsin (BHE Environmental, Inc. 2010). 
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Table 4-3. Mean Bat Fatalities/MW/Study Period for Fatality Studies Used to 
Conduct the Take Assessment 

 
Facility 
Name State 

Mean Bat 
Fatalities/ 
MW/Study 

Period 
Monitoring 
Period(s) Survey Frequency Reference 

Big Blue 
(2013) MN 2.04 4/1/2013-12/31/2013 weekly (spring, fall), monthly 

(summer, winter) 

Fagen 
Engineering, 

LLC 2014 

Big Blue 
(2014) MN 1.43 3/18/2014-12/31/2014 weekly (spring, fall), monthly 

(summer, winter) 

Fagen 
Engineering, 

LLC 2015 
Blue Sky 
Green 
Field 

WI 24.57 7/21/2008-10/31/2008; 
3/17/2009-6/6/2009 

daily (10 turbines), weekly (20 
turbines) 

Gruver et al. 
2009 

Cedar 
Ridge 
(2009) 

WI 30.61 3/15/2009-5/31/2009; 
7/15/2009-11/15/2009 

daily, every 4 days; late fall every 
3 days 

BHE 
Environmental 

2010 
Cedar 
Ridge 
(2010) 

WI 24.12 3/15/2010-5/31/2010; 
7/15/2010-10/15/2010 

5 turbines daily; 15 turbines 
every 4 days; all 20 surveyed 
every 3 days during late fall 

BHE 
Environmental 

2011 
Crystal 
Lake II IA 7.42 4/16/2009-10/15/2009 3 times per week Derby et al. 

2010a 

Fowler I, 
II, III 
(2010) 

IN 18.96 4/13/2010-5/15/2010; 
8/1/2010-10/15/2010 

Daily at 36 controls plots, weekly 
at 92 road and pads in spring; 

daily at 36 controls plots, weekly 
at 100 road and pads in fall 

Good et al. 2011 

Fowler I, 
II, III 
(2011) 

IN 20.19 4/1/2011-5/15/2011; 
7/15/2011-10/29/2011 

6-day intervals at 177 roads and 
pads during spring; daily 

searches at 168 roads and pads 
during fall; every other day at 9 

cleared plots both seasons 

Good et al. 2012 

Railsplitter IL 11.49 5/17/2012-5/18/2013 weekly (spring, summer, fall), 
every two weeks (winter) 

Good et al. 
2013a 

Template 
1 OH 13.76 4/1/2012-11/15/2012 daily (15 turbines), 3 day (23), 

weekly (114) Confidential 

Template 
11 IL 11.8 8/2/2009-10/17/2009 daily (20 turbines), weekly (19 

turbines) Confidential 

Template 
13 IL 12.4 8/1/2010-10/1/2010 daily (12 turbines) Confidential 

Template 
20 OH 12.16 4/1/2013-11/15/2013 daily (15 turbines), 3 day (23), 

weekly (114) Confidential 

Timber 
Road II 
2011 

OH 8.98 8/1/2011-11/15/2011 

daily at 6 turbines w/in 98m, 3-
days at 14 turbines w/in 60m, 

weekly at 35 turbines w/in road 
and pads to 100m 

Ritzert et al. 
2012a 

Top Crop IL 16.21 5/22/2012-5/16/2013 weekly (spring, summer, fall), 
every two weeks (winter) 

Good et al. 
2013b 

Top of 
Iowa 2003 IA 7.16 4/15/2003-12/15/2003 once every 2 to 3 days Jain 2005 

Top of 
Iowa 2004 IA 10.27 4/15/2004-12/15/2004 once every 2 to 3 days Jain 2005 
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It is important that fatality rates are based on search methods that include all areas within which 
bats are likely to fall after colliding with operating wind turbines. Because some monitoring 
studies included in Table 4-3 likely did not include all areas in which bats fell after being struck 
by a turbine, fatality rates were adjusted using a physics-based ballistics model for the maximum 
fall distance of birds and bats from the turbine base (Hull and Muir 2010). The model predicts 
the distance a carcass might be propelled after hitting a turbine blade based on the size of the 
animal and the turbine height and rotor diameter. Following Huso and Dalthorp (2014), it was 
assumed that the relative density of carcasses decreases linearly from the base of the turbine to 
the maximum distance predicted by the Hull and Muir (2010) model. Huso and Dalthorp (2014) 
demonstrated that this approach to adjustments for area searched is conservative (i.e. tends to 
over-estimate fatality). 

For each facility, the turbine characteristics and plot dimensions were used to calculate the 
proportion of bats expected to fall on the search plots at that facility. If the search plots of a 
facility extended beyond the maximum radius predicted by the ballistics model, it was assumed 
that the plot captured all bat fatalities. When plots did not extend beyond the maximum fall 
radius, the proportion of bats expected to fall within the plot was calculated assuming isotropy 
and taking into account plot geometry (i.e., circular or square plots). The results of the area 
adjustment methodology are included in Table 4-4. 

Table 4-4. Area Adjusted Mean Bat Fatalities/MW/Study Period for Fatality Studies 
Used to Conduct the Take Assessment 

Facility Name 
Reported Mean Bat 
Fatality/MW/Study 

Period 
Area Adjusted Mean Bat 
Fatality/MW/Study Period 

Big Blue 2013 2.04 2.04 
Big Blue 2014 1.43 1.43 
BSGF 24.57 24.57 
Cedar Ridge (2009) 30.61 30.61 
Cedar Ridge (2010) 24.12 24.12 
Crystal Lake II 7.42 8.39 
Fowler I, II, III (2010) 18.96 22.82 
Fowler I, II, III (2011) 20.19 20.19 
Railsplitter 11.49 12.24 
Template 1 13.76 15.31 
Template 20 12.16 12.16 
Template 11 11.8 14.17 
Template 13 12.4 14.89 
Timber Road II 2011 8.98 9.59 
Top Crop 16.21 16.54 
Top of Iowa 2003 7.16 8.38 
Top of Iowa 2004 10.27 12.03 
Average Bats/MW/Study Period 13.74 14.67 
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It is also important that fatality rates are representative of the period over which future mortality 
is being estimated. Not all fatality monitoring studies that were available for use in estimating 
mortality in the Plan Area conducted monitoring throughout the entire period over which bats are 
active and have potential to be killed by turbines. Therefore, bat fatality rates for some studies 
were adjusted to account for the lack of monitoring during portions of the active bat period. 
Seasons were defined for the active bat periods according to the dates presented in Table 4-5. It 
is recognized that there may be species-specific, annual, or regional differences in these dates for 
different seasonal activities, but these dates were used to capture seasonal variability in bat 
mortality in a general way for the purpose of this impact analysis. However, the period from 
April 1 to October 31 includes the time frame within which all Myotis mortalities have been 
documented at all wind facilities in range of the covered bat species. Therefore, all mortality 
monitoring studies were adjusted to account for bat mortality that occurred during this period. 

Table 4-5. Seasonal Dates Defined for Bats 
Season Dates 

Spring April 1 to May 31 
Summer June 1 to July 31 
Fall August 1 to October 31 
Winter November 1 to March 31 

Facilities located near hibernacula could possibly result in a take of Covered Species during the 
periods from March 15–31 and November 1–15. However, this period is not included in the 
fatality estimate adjustment because there are no known fatality monitoring studies that have 
been conducted within the swarming radii of known hibernacula on which to base such an 
estimate for the MWE. Additionally, conservative (i.e., higher) cut-in speeds will be 
implemented as a minimization measure (see Tables 5-4, 5-6, and 5-8) at wind energy facilities 
located within buffer zones of hibernacula during these periods when bats may be at risk.  

Adjusting fatality rates for the portion of the period from April 1 to October 31 that was not 
monitored was performed using a two-part process. The first step of the process involved 
determining the proportion of each season that was monitored by determining the number of 
days in the reported monitoring period for the study (see Table 4-3), divided by the total number 
of days in the season, as defined in Table 4-4.10 The second part of the process involved 
determining the proportion of all bat fatalities that occurred during each season, as determined 
from 41 studies in the eastern and midwestern United States (U.S.) that conducted monitoring 

                                                 
10 Adjustments did not include the actual number of days monitored, but rather the total number of days in the reported date 

range over which monitoring occurred. The reason for this is that many studies included multiple search frequencies for 
different plots sizes in different seasons (e.g., at the Fowler Ridge wind energy facility in 2010, searches were conducted daily 
at 36 controls plots, weekly at 92 road and pads in spring; and daily at 36 controls plots, weekly at 100 road and pads in fall). 
Because search intervals are affected by carcass persistence rates and searcher efficiencies that may differ between seasons, 
any method to summarize average search effort per season would require consideration of those factors, for which data were 
not available on a seasonal basis. However, since only studies with weekly or more frequent searches during the active bat 
period were included, differences in days searched among studies was expected to result in minor effects to fatality adjustment. 
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over the entire bat active period.11 Based on studies that monitored for the entire active bat 
period, 6.5 percent, 25.5 percent, and 68.0 percent of bat fatalities occur during the spring, 
summer, and fall periods, respectively (Table 4-6 and Figure 4-2). A few studies had bat 
fatalities that occurred during the winter (the latest recorded fatality was on November 16), 
accounting for 0.4 percent of all bat fatalities among the 41 studies. For studies that conducted 
monitoring beyond October 31, fatality rates were reduced to reflect this small amount of non-
Myotis bat mortality that could have occurred during the winter. The sampling effort adjustment 
was made to the area corrected fatality estimates presented in Table 4-4. 

The proportion of the season monitored (Table 4-6) was then multiplied by the proportion of 
fatalities that occurred during each season to calculate a weighted adjustment factor applied to 
each season. For example, if a wind energy facility monitored 77 percent, 100 percent, 100 
percent, and 100 percent of the spring, summer, fall, and winter periods, respectively (see “Top 
of Iowa 2003” row in Table 4-6), the spring period was adjusted to account for incomplete 
coverage (77 percent x 6.5 percent12 = 5 percent). That adjusted fatality rate was also reduced by 
0.4 percent of the original fatality rate to account for monitoring that was done during the winter 
period when only non-Myotis fatalities were expected to occur. Therefore, it was assumed for 
that study that 98.5 percent (5.0 percent + 25.5 percent + 68.0 percent = 98.5 percent) of the total 
possible mortality during the Myotis active period was covered by monitoring efforts, minus 0.4 
percent of mortality during period in which Myotis mortality was not expected, which would 
have resulted in an adjusted fatality rate of 8.48 bats/MW/year (adjusted up from 7.16). After 
correcting all 17 studies for unsearched area and unsearched portions of the Myotis active period, 
the average all bat mortality/MW/bat active period/year was estimated to be 17.59 for projects 
within the range of the northern long-eared bat and little brown bat, and 18.13 for projects within 
the range of the Indiana bat. These adjusted fatality rates were used to estimate species-specific 
fatality rates for the covered bats from operation of wind energy facilities using the species 
composition methodology (presented in the following section).  

 

                                                 
11 Barton I and II, Template 1, Buffalo Mountain 2000-2003, Buffalo Ridge (Phase I; 1999), Buffalo Ridge (Phase II; 1998), 

Buffalo Ridge (Phase II; 1999), Buffalo Ridge (Phase III; 1999), Template 2, Cohocton/Dutch Hill (2009), Cohocton/Dutch 
Hills (2010), Criterion (2011), Crystal Lake II, Elm Creek, Elm Creek II, Template 5, Fowler Ridge I, IN (2009), Grand Ridge 
I, Kewaunee County, Template 6, Mars Hill 2007, Mars Hill 2008, Moraine II, Mount Storm 2010, Mount Storm 2011, 
Munnsville 2008, Noble Altona, Noble Bliss 2009, Noble Chateaugay, Noble Clinton 2009, Noble Ellenburg 2009, Noble 
Wethersfield, Pioneer Prairie I (Phase II), Sheldon (2010), Sheldon (2011), Stetson Mountain I (2009), Stetson Mountain I 
(2011), Stetson Mountain II (2010), Template 12, Winnebago, Wolfe Island Report (2010), Wolfe Island Report 2 (July-
December 2009). 

12 Percent of bat mortality that occurred in the spring is based on the 41 studies that monitored for the entire bat 
active period. 
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Table 4-6. Proportion of the Bat Active Period Monitored and Proportion of Bat Fatalities in each Season, Used to 
Adjust for Partial Monitoring of the Bat Active Period in Fatality Monitoring Studies at Wind Energy Facilities in 

the Plan Area 

Facility 
Name 

Proportion of Season Monitored 
Proportion of Total Mortality in 

Each Season Captured by 
Monitoring 

Total 
Percent of 

Active 
Period 

Monitored 

Reported Mean 
Bat fatality/MW/ 

Study Period 

Area 
Adjusted 
Mean Bat 

fatality/MW/St
udy Period 

Area and Sampling 
Effort Adjusted Bat 
fatality/MW/ Study 

Period Spring Summer Fall Winter Spring 
(6.5%) 

Summer 
(25.5%) 

Fall 
(68.0%) 

Winter 
(0.4%) 

Big Blue 2013 100% 100% 100% 100% 7% 26% 68% 0.40% 100.40% 2.04 2.04 2.03 

Big Blue 2014 100% 100% 100% 100% 7% 26% 68% 0.40% 100.40% 1.43 1.43 1.42 

BSGF 100% 28% 100% 0% 7% 7% 68% 0.00% 81.61% 24.57 24.57 30.11 
Cedar Ridge 
(2009) 100% 28% 100% 94% 7% 7% 68% 0.38% 81.98% 30.61 30.61 37.34 

Cedar Ridge 
(2010) 100% 28% 83% 0% 7% 7% 56% 0.00% 69.78% 24.12 24.12 34.57 

Crystal Lake II 75% 100% 83% 0% 5% 26% 56% 0.00% 86.58% 7.42 8.39 9.69 
Fowler I, II, III 
(2010) 54% 0% 83% 0% 4% 0% 56% 0.00% 59.69% 18.96 22.82 38.22 

Fowler I, II, III 
(2011) 74% 28% 98% 0% 5% 7% 67% 0.00% 78.42% 20.19 20.19 25.74 

Railsplitter 100% 100% 100% 100% 7% 26% 68% 0.40% 100.40% 11.49 12.24 12.19 

Template 1 100% 100% 100% 94% 7% 26% 68% 0.38% 100.38% 13.76 15.31 15.25 

Template 20 100% 100% 100% 94% 7% 26% 68% 0.38% 100.38% 12.16 12.16 12.16 

Template 11 * * * * * * * * * 11.80 14.17 14.17 

Template 13 * * * * * * * * * 12.40 14.89 14.89 
Timber Road II 
2011 0% 0% 100% 94% 0% 0% 68% 0.38% 68.38% 8.98 9.59 14.02 

Top Crop 92% 100% 100% 100% 6% 26% 68% 0.40% 99.87% 16.21 16.54 16.56 
Top of Iowa 
2003 77% 100% 100% 100% 5% 26% 68% 0.40% 98.91% 7.16 8.38 8.48 

Top of Iowa 
2004 77% 100% 100% 100% 5% 26% 68% 0.40% 98.91% 10.27 12.03 12.16 

Average Bats/MW/Study Period               13.74 14.67 17.59 

* = The facility was not monitored for the full active period but adjustments were made in the analysis provided in the report to adjust the fatality rate for bat mortality that was 
expected to occur during the full bat active period based on previous year-long, site-specific monitoring. 
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[ERBA = eastern red bat; HOBA = hoary bat; SHBA = silver-haired bat; BBBA = big brown bat; LBBA = little brown bat; TCBA = tri-
colored bat; UNBA = unknown bat; UNMY = unknown Myotis; SEBA = Seminole bat; EVBA = evening bat; NLEB = northern long-
eared bat; INBA = Indiana bat] 

Figure 4-2. Counts of Bat Species Found as Carcasses by Season from 41 
Mortality Monitoring Studies in the Eastern and Midwestern United States that 

Conducted Monitoring over the Entire Bat Active Period 

4.2.2.2.1 Fatality Estimation 

The species composition approach was used to estimate the level of take of the covered bat 
species associated with turbine operations. The species composition approach to estimating bat 
mortality from wind energy facility operations assumes that the proportion of documented 
fatalities of the covered bat species, relative to the fatalities of all other bat species, represents the 
proportion of fatalities of the covered bat species expected in other facilities situated in similar 
geographic areas. The steps involved in the species-composition method are: (1) determine the 
anticipated bat fatality rate for the geographic area of interest based on the results of fatality 
monitoring studies (described in the previous section); (2) determine the proportion of the 
covered bat species among all bat fatalities in monitoring studies in the ranges of the covered bat 
species in the Plan Area; and (3) multiply the proportion of the covered bat species by the 
expected bat fatality rate to derive the expected number of total fatalities of the covered bat 
species. For example, if the total estimated bat mortality from regional data is 12 bats/MW/year 
(or 1,200 bats/year for a 100 MW facility), and the number of fatalities of a particular covered 
bat species among all bat fatalities was 1 out of 100 (or 1 percent), the total estimated mortality 
of the covered bat species would be 12 fatalities/year.  

0

200

400

600

800

1000

1200

SPRING SUMMER FALL WINTER

To
ta

l N
um

be
r o

f F
at

al
iti

es
 

Season of Carcass Collection 

ERBA

HOBA

SHBA

BBBA

LBBA

TRBA

UNBA

UNMY

SEBA

EVBA

NLBA

INBA



Take Assessment and Impact of Take Chapter 4 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 4-16 

The species composition approach has the advantage that it is based on actual fatalities of the 
covered bat species documented in monitoring studies, rather than inferring mortality of the 
covered bat species from documented fatalities of a surrogate that may have a different risk 
profile. The disadvantage to the species composition approach, however, is that for rare species, 
such as the Indiana bat, there are few documented fatalities and small sample sizes result in 
lower precision and confidence in projected fatality estimates. Another disadvantage to the 
species composition approach with regard to rare species is that fatality monitoring projects are 
highly variable in terms of their relative probabilities of detecting a carcass. Factors such as 
searcher efficiency, carcass persistence, search frequency, and number of turbines searched can 
strongly influence the likelihood of finding carcasses, particularly when it comes to finding those 
of rare species.  

The species composition approach relies on the assumption that the covered bat species are no 
more difficult to find than other species of bat. While this may not always be the case, depending 
on carcass and searching conditions, there are no data to inform a different assumption (i.e., there 
have been no Myotis-specific bias trials). As sample size becomes larger, the influence of these 
potential biases becomes smaller. Given a large enough sample (n = 8,934 carcasses in the pool 
of studies within the range of the northern long-eared bat and little brown bat in the Plan Area; 
and n= 6,992 total bat carcasses within the range of the Indiana bat in the Plan Area), the 
composition of the covered bat species within the sample should represent the composition of 
covered bat species within the population of bats at risk, irrespective of the monitoring effort at 
any one site.  

All publicly available and confidential template fatality monitoring studies13 within the range of 
each covered bat species in the Plan Area were used to derive species composition estimates. 
This larger pool of studies than that used in Table 4-3 to estimate the all bat fatality rate was used 
because the benefit of having the most robust species composition estimate, using the largest 
sample size that captured fatalities of the covered bat species (which tend to be rare, with the 
exception of little brown bat fatalities), was thought to outweigh any bias related to variable 
sampling design or limited sampling effort.  

For the purpose of this analysis, species composition was assumed to be homogeneous across the 
ranges of the covered bat species. In reality, species abundance is likely patchy relative to 
resources such as forest cover and suitable hibernating conditions and factors such as topography 
and weather patterns that likely influence migration patterns that affect risk of collision. This 
patchy distribution is evidenced by the highly variable percent composition of Myotis species in 
the fatality pools of different monitoring studies (e.g., 30 percent at Blue Sky Green Field in 
Wisconsin compared to the Plan Area average of 8 percent). However, using the mean species 
composition values for the covered bat species from studies within their respective ranges in the 
Plan Area to estimate the anticipated operations-related take is considered the best way to 
represent conditions across the Plan Area. Take of covered bat species, however, will be 

                                                 
13 Studies that included operational adjustment treatments included both control and treatment turbine results. 
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determined and authorized for each proposed and existing wind energy facility seeking take 
authorization under the MWE as described in Sections 9.4.4.1.1 and 9.4.4.2, respectively.  

As has been reported elsewhere for patterns of species most commonly found as fatalities at 
wind facilities, among the 70 studies used to estimate species composition for northern long-
eared and little brown bats (Table 4-7), the three species of long-distance migrants14 made up the 
highest percentage of fatalities, totaling 87.7 percent of the 8,934 bat carcasses documented 
across all studies. Eastern red bats had the highest number of fatalities (3,893 bat carcasses or 
43.6 percent), followed by hoary bats (2,328 bat carcasses or 26.1 percent), and silver-haired bats 
(1,621 bat carcasses or 18.1 percent). The next most common species found among fatalities 
were big brown bats (519 bat carcasses or 5.8 percent), followed by little brown bats (339 bat 
carcasses or 3.7 percent). Northern long-eared bats made up 0.09 percent (8 bat carcasses out of 
8,934) of the fatality pool.  

For the 44 studies within the range of the Indiana bat in the Plan Area (see  

                                                 
14 Also sometimes referred to as “tree bats.” 
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Table 4-8), the species composition percentages of the three long-distance migratory bats were 
similar to those reported above (48.7 percent, 24.2 percent, and 19.6 percent for eastern red bats, 
hoary bats, and silver-haired bats, respectively). Indiana bats made up 0.09 percent (6 bat 
carcasses out of 6,922) of the fatality pool among these 44 studies. 

4.2.2.2.2 Adjustments in Take Estimates to Address Effects of White-Nose Syndrome 

As described in Section 3.1.2, white-nose syndrome (WNS) has caused significant declines in 
cave-dwelling bat species, including the covered bat species, in the eastern United States since it 
was first discovered in 2006. Occurrences of WNS have been detected in the Plan Area and it is 
expected to continue to spread and reduce the abundance of the covered bat species during the 
term of the MWE. The effects of WNS have been detected in counts of covered bat species at 
Plan Area hibernacula during 2015. The 2015 counts of Indiana bats in Plan Area hibernacula 
indicate an approximate 10 percent reduction in the Plan Area Indiana bat population from 
comparable counts conducted in 2013 (USFWS 2015b).  

The percent decline in abundance of northern long-eared bat and little brown bat across the Plan 
Area has not been tracked historically as has been done for the Indiana bat. Preliminary data 
suggest that WNS has had greater effects on northern long-eared bat and little brown bat than the 
Indiana bat and declines in hibernacula paralleling those in the northeastern U.S. have been 
documented in Illinois, Indiana, and Ohio. It is unclear when the entire Midwest will experience 
the same outcomes as the northeast. Due to this uncertainty, the effects of WNS on the 
abundance of these species is assumed to be the same as estimated for Indiana bat (i.e., a 10 
percent reduction in abundance from 2013 to 2015).  
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Table 4-7. Species Composition of Fatalities in Fatality Monitoring Studies at Wind Energy Facilities in the Plan Area 
Range of the Northern Long-Eared Bat and the Little Brown Bat  

Project Name State 
Study 
Year 

Bat Species1 Total 
Carcasses 

Found Reference EPFU LABO LACI LANO LBBA NLEB INBA MYLE PESU NYHU LASE UNBA 

Bishop Hill IL 2013 
(spring) 0 0 0 0 0 0 0 0 0 0 0 0 0 Ritzert et al. 

2014c 

Bishop Hill IL 2014 
(spring) 0 0 0 1 0 0 0 0 0 0 0 0 1 Ritzert et al. 

2014a 
Confidential 
Project 2 IN  2015 

(fall)             1           1 Confidential 

Prairie Rose MN 2014 0 0 0 1 0 0 0 0 0 0 0 0 1 Chodachek et 
al. 2015 

Lincoln Electric OH 2012 0 2 0 0 0 0 0 0 0 0 0 0 2 
The Lincoln 

Electric 
Company 2014  

Elm Creek MN 2009-
2010 0 0 1 2 1 0 0 0 0 0 0 1 5 Derby et al. 

2010b 
Fowler Ridge 
III IN 2009 1 1 2 1 0 0 0 0 0 0 0 0 5 Johnson et al. 

2010a 
California 
Ridge IL 2014 

(spring) 0 3 0 5 0 0 0 0 0 0 0 0 8 
Ritzert et al. 

2014b 

Bowling Green OH 2009 1 0 0 0 3 0 0 0 0 0 0 5 9 Heist 2009 
 

Grand Ridge I IL 2009-
2010 1 3 4 2 0 0 0 0 0 0 0 0 10 Derby et al. 

2010c 

Winnegabo IA 2009-
2010 0 2 4 2 2 0 0 0 0 0 0 0 10 Derby et al. 

2010d 

Moraine II MN 2009 0 0 5 6 0 0 0 0 0 0 0 1 12 Derby et al. 
2010e 

Confidential 
Project 3 MO  2011 1 8 4 0 0 0 0 0 0 0 0 1 14 Confidential 

Prairie Rose MN 2013 0 0 1 0 0 0 0 0 0 0 0 14 15 
Chodachek 
2014a, van 

Lingen 2013 

Bishop Hill IL 2013 
(fall) 1 10 2 2 0 0 0 0 1 1 0 0 17 

Good et al. 
2014a 

Barton I and II IA 2010-
2011 0 9 6 4 1 0 0 0 0 0 0 0 20 Derby et al. 

2011 
Confidential 
Project 1 IN 2015 

spring                       20 20 Confidential 
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Project Name State 
Study 
Year 

Bat Species1 Total 
Carcasses 

Found Reference EPFU LABO LACI LANO LBBA NLEB INBA MYLE PESU NYHU LASE UNBA 
Crescent 
Ridge IL 2005-

2006 0 6 6 8 0 0 0 0 0 0 0 1 21 Kerlinger et al. 
2007 

Template 5 MO 2009-
2010 2 2 12 4 0 1 0 0 0 1 0 0 22 Confidential 

Bishop Hill IL 2012 3 17 1 3 0 0 0 0 0 0 0 0 24 Good et al. 
2013c 

Elm Creek II MN 2011-
2012 1 7 12 1 5 0 0 0 0 0 0 0 26 Derby et al. 

2012 

Pioneer Trail IL 2012-
2013 0 11 0 10 5 0 0 0 0 0 0 1 27 ARCADIS 2013 

Pioneer Trail IL 2013-
2014 2 16 7 12 0 0 0 0 0 0 0 0 37 ARCADIS 2014 

Grand Ridge 
II-IV IL 2010-

2011 2 21 12 3 0 0 0 0 0 0 0 0 38 
Ritzert et al. 

2012b 
Confidential 
Project 3 MO 2010 1 23 9 3 0 0 0 0 0 2 0 1 39 Confidential 

Minonk IL 2013-
2014 2 17 15 5 0 0 0 0 0 0 0 0 39 

Ritzert et al. 
2014c 

Big Blue MN 2014 7 14 11 0 8 0 0 0 0 0 0 0 40 
Fagen 

Engineering, 
LLC 2015 

Oak Glen MN 2013 0 10 10 3 17 0 0 0 0 0 0 0 40 Chodachek et 
al. 2014a 

Template 8 IA 2012 
(fall) 3 22 16 0 1 0 0 0 0 0 0 4 46 Confidential 

Template 10 IA 2012 
(fall) 4 27 14 1 1 0 0 0 0 0 0 1 48 Confidential 

Template 7 IA  2011 
(fall) 3 34 14 3 0 0 0 0 0 0 0 7 61 Confidential 

Template 6 MN 2012 3 29 15 0 15 0 0 0 0 0 0 0 62 Confidential 

Rail Splitter IL 2012-
2013 1 50 9 2 0 0 0 0 0 0 0 0 62 Good et al. 

2013a 

Template 3 IA 2011 
(fall) 0 31 18 7 6 0 0 0 0 1 0 2 65 Confidential 

Fowler Ridge IN 2012 
(fall B) 4 32 10 20 0 0 0 0 0 0 1 0 67 Good et al. 

2012 

Template 4 IA 2012 
(fall) 4 42 10 0 6 0 0 0 0 4 0 3 69 Confidential 

Kewaunee 
County WI 1999-

2001 1 27 25 13 0 0 0 0 0 0 0 6 72 Howe et al. 
2002 
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Project Name State 
Study 
Year 

Bat Species1 Total 
Carcasses 

Found Reference EPFU LABO LACI LANO LBBA NLEB INBA MYLE PESU NYHU LASE UNBA 
Pioneer Prairie 
Phase II IA 2011-

2012 2 27 18 11 13 0 0 0 0 0 0 1 72 Chodachek et 
al. 2012 

Grand 
Meadow MN 2013 2 23 28 4 14 0 0 0 2 0 0 0 73 Chodachek et 

al. 2014a 

Top of Iowa IA 2003-
2004 9 18 21 9 18 0 0 0 1 0 0 0 76 Jain 2005 

Template 9 IA 2011 
(fall) 1 29 30 9 2 0 0 0 2 0 0 4 77 Confidential 

Timber Road OH 2013 8 33 15 19 0 0 1 0 0 0 0 1 77 Simon et al. 
2014 

Fowler Ridge  IN 2012 
(fall A) 3 49 14 12 0 0 0 0 0 1 2 0 81 Good et al. 

2013d 
Pioneer Prairie 
Phase II IA 2013 0 34 33 7 5 2 0 0 0 0 0 0 81 Chodachek et 

al. 2014b 

Fowler Ridge  IN 2013 
(fall)  0 36 18 25 0 0 0 0 0 1 3   83 Good et al. 

2014b 

Cedar Ridge WI 2009 15 12 29 16 12 0 0 0 0 0 0 0 84 
BHE 

Environmental 
2010 

Heritage 
Garden MI 2012-

2014 2 2 15 12 49 1 0 0 0 0 0 7 88 Kerlinger et al. 
2014 

Template 2 IL 2010-
2011 2 36 35 13 0 0 0 0 1 0 0 2 89 Confidential 

Big Blue MN 2013 9 50 20 8 8 0 0 0 0 0 0 0 95 
Fagen 

Engineering, 
LLC 2014 

Template 13 IL  2010 4 74 18 9 0 0 0 0 0 0 0 0 105 Confidential 

Fowler Ridge  IN fall 2014 1 49 25 40 0 0 0 0 1 0 0 0 116 Good et al. 
2015a 

Forward 
Energy Center WI 2008-

2010 11 14 35 35 13 0 0 0 0 0 0 14 122 Grodsky and 
Drake 2011 

4 non-public 
studies (2 in 
Illinois and 2 in 
Indiana) 
summed 

    13 38 43 35 5 1 0 0 2 1 0 5 143 Confidential 

Crystal Lake II IA 2009 12 40 31 35 21 0 0 0 0 0 0 9 148 Derby et al. 
2010a 

Buffalo Ridge MN 2001-
2002 8 21 115 4 3 0 0 0 0 0 0 0 151 Johnson et al. 

2004 
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Project Name State 
Study 
Year 

Bat Species1 Total 
Carcasses 

Found Reference EPFU LABO LACI LANO LBBA NLEB INBA MYLE PESU NYHU LASE UNBA 

Cedar Ridge WI 2010 19 53 43 20 17 0 0 0 0 0 0 2 154 
BHE 

Environmental 
2011 

Fowler Ridge I IN 2009 4 56 48 42 3 1 1 0 0 0 0 1 156 Johnson et al. 
2010b 

Buffalo Ridge  MN 1998-
1999 1 37 108 6 5 0 0 0 6 0 0 21 184 Johnson et al. 

2000 

Top Crop IL 2012-
2013 1 162 21 27 2 0 0 0 0 2 0 0 215 Good et al. 

2013b 

Timber Road OH 2014 11 48 45 114 0 0 1 0 0 2 0 1 222 Good et al. 
2015b 

California 
Ridge IL 2013 8 120 50 50 0 1 0 0 0 0 0 0 229 WEST unpub. 

Template 12 IL  2007-
2008 5 114 57 51 0 0 0 0 1 1 0 0 229 Confidential 

Blue Sky 
Green Field WI 2008-

2009 47 18 41 58 71 0 0 0 0 0 0 12 247 Gruver et al. 
2009 

Timber Road OH 2011 23 178 41 87 0 0 0 0 0 0 0 0 329 Ritzert et al. 
2012a 

Template 11 IL 2009 
(fall) 5 143 156 74 0 0 0 0 0 0 0 0 378 Confidential 

Fowler Ridge IN 2011 16 305 159 81 2 0 0 0 3 4 3 0 573 Good et al. 
2012 

Template 20 OH 2013 63 234 270 152 0 0 0 0 0 4 2 3 728 Confidential 

Fowler Ridge IN 2010 31 515 146 111 2 0 1 0 3 0 0 0 809 Good et al. 
2011 

California 
Ridge IL 2014 

(fall) 30 381 196 201 3 1 0 0 0 0 0 3 815 Confidential 

Template 1 OH 2012 105 468 149 120 0 0 1 0 1 3 2 1 850 Confidential 

TOTAL     519 3,893 2,328 1,621 339 8 6 0 24 28 13 155 8,934   
1EPFU = big brown bat; LABO = eastern red bat; LACI = hoary bat; LANO = silver-haired bat; LBBA = little brown bat; NLEB = northern long-eared bat; INBA = Indiana bat; 
MYLE = eastern small-footed bat; PESU = tri-colored bat; NYHU = evening bat; LASE = Seminole bat; UNBA = unknown bat 
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Table 4-8. Species Composition of Fatalities in Fatality Monitoring Studies at Wind Energy Facilities in the Plan Area 
Range of the Indiana Bat  

 
Facility 
Name State 

Number of Bat Species Carcasses Found1 

 
Reference 

Study 
Year EPFU LABO LACI LANO LBBA NLEB INBA MYLE PESU NYHU LASE UNBA 

Total 
Carcasses 

Found 

Bishop Hill IL 2013 
(spring) 0 0 0 0 0 0 0 0 0 0 0 0 0 Confidential 

report 

Bishop Hill IL 2014 
(spring) 0 0 0 1 0 0 0 0 0 0 0 0 1 Ritzert et al. 

2014a 
Confidential 
Project 2 IN 2015 fall 

      
1 

     
1 Confidential 

Lincoln 
Electric OH 2012 0 2 0 0 0 0 0 0 0 0 0 0 2 Lincoln 

Electric 2012 
Fowler 
Ridge III IN 2009 1 1 2 1 0 0 0 0 0 0 0 0 5 Johnson et 

al. 2010a 
California 
Ridge IL 2014 

(spring) 0 3 0 5 0 0 0 0 0 0 0 0 8 Ritzert et al. 
2014b 

Bowling 
Green OH 2009 1 0 0 0 3 0 0 0 0 0 0 5 9 Heist 2009 

Grand 
Ridge I IL 2009-

2010 1 3 4 2 0 0 0 0 0 0 0 0 10 Derby et al. 
2010c 

Confidential 
Project 3 MO 2011 1 8 4 0 0 0 0 0 0 0 0 1 14 Confidential 

Bishop Hill IL 2013 
(fall) 1 10 2 2 0 0 0 0 1 1 0 0 17 Good et al. 

2014a 
Confidential 
Project 1 IN 2015 

spring            
20 20 Confidential 

Crescent 
Ridge IL 2005-

2006 0 6 6 8 0 0 0 0 0 0 0 1 21 Kerlinger et 
al. 2007 

Template 5 MO 2009-
2010 2 2 12 4 0 1 0 0 0 1 0 0 22 Confidential 

Bishop Hill IL 2012 3 17 1 3 0 0 0 0 0 0 0 0 24 Good et al. 
2013c 

Pioneer 
Trail IL 2012-

2013 0 11 0 10 5 0 0 0 0 0 0 1 27 ARCADIS 
2013 

Pioneer 
Trail IL 2013-

2014 2 16 7 12 0 0 0 0 0 0 0 0 37 ARCADIS 
2014 
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Facility 
Name State 

Number of Bat Species Carcasses Found1 

 
Reference 

Study 
Year EPFU LABO LACI LANO LBBA NLEB INBA MYLE PESU NYHU LASE UNBA 

Total 
Carcasses 

Found 
Grand 
Ridge II-IV IL 2010-

2011 2 21 12 3 0 0 0 0 0 0 0 0 38 Ritzert et al. 
2012b 

Minonk IL 2013-
2014 2 17 15 5 0 0 0 0 0 0 0 0 39 Ritzert et al. 

2014c 
Confidential 
Project 3 MO 2010 1 23 9 3 0 0 0 0 0 2 0 1 39 Confidential 

Template 8 IA 2012 
(fall) 3 22 16 0 1 0 0 0 0 0 0 4 46 Confidential 

Template 
10 IA 2012 

(fall) 4 27 14 1 1 0 0 0 0 0 0 1 48 Confidential 

Template 7 IA 2011 
(fall) 3 34 14 3 0 0 0 0 0 0 0 7 61 Confidential 

Rail Splitter IL 2012-
2013 1 50 9 2 0 0 0 0 0 0 0 0 62 Good et al. 

2013a 
Fowler 
Ridge IN 2012 

 (fall B) 4 32 10 20 0 0 0 0 0 0 1 0 67 Good et al. 
2013d 

Template 9 IA 2011 
(fall) 1 29 30 9 2 0 0 0 2 0 0 4 77 Confidential 

Timber 
Road OH 2013 8 33 15 19 0 0 1 0 0 0 0 1 77 Good et al. 

2014b 
Fowler 
Ridge  IN 2012 

(fall A) 3 49 14 12 0 0 0 0 0 1 2 0 81 Good et al. 
2013d 

Fowler 
Ridge  IN fall 2013 0 36 18 25 0 0 0 0 0 1 3 

 
83 Good et al. 

2014c 

Template 2 IL 2010-
2011 2 36 35 13 0 0 0 0 1 0 0 2 89 Confidential 

Template 
13 IL 2010 4 74 18 9 0 0 0 0 0 0 0 0 105 Confidential 

Fowler 
Ridge  IN fall 2014 1 49 25 40 0 0 0 0 1 0 0 0 116 Good et al. 

2015a 
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Facility 
Name State 

Number of Bat Species Carcasses Found1 

 
Reference 

Study 
Year EPFU LABO LACI LANO LBBA NLEB INBA MYLE PESU NYHU LASE UNBA 

Total 
Carcasses 

Found 
4 non-
public 
studies (2 
in Illinois 
and 2 in 
Indiana) 
summed 

  
13 38 43 35 5 1 0 0 2 1 0 5 143 Confidential 

Fowler 
Ridge I IN 2009 4 56 48 42 3 1 1 0 0 0 0 1 156 Johnson et 

al. 2010b 

Top Crop IL 2012-
2013 1 162 21 27 2 0 0 0 0 2 0 0 215 Good et al. 

2013b 
Timber 
Road OH 2014 11 48 45 114 0 0 1 0 0 2 0 1 222 Good et al. 

2015b 
Template 
12 IL 2007-

2008 5 114 57 51 0 0 0 0 1 1 0 0 229 Confidential 

California 
Ridge IL 2013 8 120 50 50 0 1 0 0 0 0 0 0 229 Confidential 

Timber 
Road OH 2011 23 178 41 87 0 0 0 0 0 0 0 0 329 Ritzert et al. 

2012a 
Template 
11 IL 2009 

(fall) 5 143 156 74 0 0 0 0 0 0 0 0 378 Confidential 

Fowler 
Ridge IN 2011 16 305 159 81 2 0 0 0 3 4 3 0 573 Good et al. 

2012 
Template 
20 OH 2013 63 234 270 152 0 0 0 0 0 4 2 3 728 Confidential 

Fowler 
Ridge IN 2010 31 515 146 111 2 0 1 0 3 0 0 0 809 Good et al. 

2011 
California 
Ridge IL 2014 

(fall) 30 381 196 201 3 1 0 0 0 0 0 3 815 Confidential 

Template 1 OH 2012 105 468 149 120 0 0 1 0 1 3 2 1 850 Confidential 

TOTAL     366 3,373 1,67
3 1,357 29 5 6 0 15 23 13 62 6,922   

1EPFU = big brown bat; LABO = eastern red bat; LACI = hoary bat; LANO = silver-haired bat; LBBA = little brown bat; NLEB = northern long-eared bat; INBA = Indiana 
bat; MYLE = eastern small-footed bat; PESU = tri-colored bat; NYHU = evening bat; LASE = Seminole bat; UNBA = unknown bat 
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The USFWS is currently developing methods and collecting data to estimate the population 
declines of those species. Should sufficient data become available to directly estimate the effects 
of WNS on northern long-eared bat and little brown bat in the future, the amount of allowable 
take for these species will be adjusted as appropriate through application of the WNS changed 
circumstance described in Section 8.4.4. Because the probability of bat collisions with wind 
turbine blades is assumed to be linear (i.e., as bat populations decrease the number of bats killed 
by turbines should decrease proportionally)15 with the abundance of the covered bat species, the 
results of the initial take estimates conducted using the methods described above were adjusted 
downward for Indiana bat, northern long-eared bat, and little brown bat by 10 percent. WNS-
adjusted take estimates for each of the covered bat species are presented in Table 4-9. 

Table 4-9. WNS Adjusted Take Estimates for 33,000 MW of New Build-Out without 
Application of AMM INBA1, NLEB1, and LBBA11 to Reduce Take 
Species Total Take from Build-Out  Take/MW/Year2 

 Without 
Reduction for 
WNS Effects 

With WNS 
Effects 

Reduction 

Without 
Reduction for 
WNS Effects 

With WNS 
Effects 

Reduction 
Indiana bat3 11,782 10,604 0.016 0.014 
Northern long-eared bat4 19,750 17,775 0.016 0.014 

Little brown bat5 836,898 753,208 0.67 0.60 
1See Tables 5-4, 5-6, and 5-8, respectively. 
2Rounded to the nearest 3 decimal places. 
3From the take analysis results presented in Section 4.3.1.2.5. 
4From the take analysis results presented in Section 4.4.1.2.5. 
5From the take analysis results presented in Section 4.5.1.2.5.  

4.2.3 Bird Species Impact Analysis Methods 

Methods for assessing the take of or indirect impacts on Kirtland’s warbler, interior least tern, 
piping plover (Great Lakes and Northern Great Plains populations), and bald eagle associated 
with the Covered Activities are described for each of these species, respectively, in Sections 4.6, 
4.7, 4.8, and 4.9. 

4.3 INDIANA BAT 

This section provides the results of the analysis of the impacts of the Covered Activities on 
Indiana bat. This section describes direct and indirect impacts, overall predicted level of take, and 
the biological impacts of the take on the species.  

                                                 
15 The assumption of a linear relationship between fatalities and abundance does not imply that all species are equally 
susceptible to collisions. The slope of the linear relationship between fatality and abundance is likely species-specific, 
which is why a certain species may be common on the landscape but rare in the fatality pool associated with turbine 
collisions. 
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4.3.1 Direct Impacts 

This section describes the mechanisms that could result in take of Indiana bat that are reasonably 
certain to result from implementation of the Covered Activities described in Chapter 2. 

4.3.1.1 Construction and Decommissioning 

Disturbance of Indiana bats as a result of construction and decommissioning activities could 
disrupt normal behavior patterns of individuals in such a manner that it could result in injury or 
death of adults or the young under their mother’s care. This disturbance is a temporary direct 
impact, since specific activities involved in construction and decommissioning are not permanent 
and can be completed in relatively short periods of time, as described in more detail below. Some 
studies have found that Indiana bats are susceptible to certain types of disturbance during the 
summer maternity period. For example, Indiana bats have been documented to have abandoned 
their primary roost trees near bulldozing activity, resulting in decreased Indiana bat abundance, 
according to Callahan (1993) and Sparks (2003). Similarly, female bats in Illinois were 
documented using roosts over 500 m (1,640 feet [ft]) from paved roadways (Garner and 
Gardner 1992).  

In contrast, other studies indicate that female Indiana bats and their offspring are able to tolerate 
seemingly disturbing activities. For example, maternity roost trees occupied by Indiana bats were 
located in close proximity to the Indianapolis Airport and Interstate 70 (I-70), including a primary 
maternity roost tree that was located 600 m (1,970 ft) south of I-70 that was exposed to constant 
noise and vibration from I-70 and airport runways. It is possible that Indiana bat use of this 
apparently suboptimal area could have been due to lack of more suitable roosting areas located 
away from noise and disturbance; there was limited forested habitat in the surrounding area 
(USFWS 2007b). Nonetheless, this study demonstrated that at least some Indiana bat maternity 
colonies can persist and reproduce despite being exposed to substantial human disturbance. There 
are no data available on the impacts of construction-related activities on resident male Indiana 
bats or migrating male and female Indiana bats.  

Temporary increases in human disturbance, such as noise and vibration from construction 
equipment and associated human activity, are expected to result from construction and 
decommissioning activities. Disturbance associated with these activities is likely to include noise 
from diesel-powered earth-moving equipment, human voices, and movement of people and 
vehicles in the vicinity of active construction and decommissioning activity. Disturbances could 
occur during any time of the year; although activities are likely to be greatest during favorable 
weather conditions for construction (most likely in spring, summer, and fall). These disturbances 
are expected to occur mostly during daylight hours and therefore should have minimal effect on 
nighttime activities of bats; however, bats roosting in nearby trees during the day could be subject 
to increased noise and disturbance. The timing of tree clearing during construction (and if needed 
during decommissioning) is restricted in areas where suitable Indiana bat habitat is present as 
described in AMM GEN5, such that killing of bats is avoided where habitat is removed (see 
Section 5.1.3.1.1).  
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Since the majority of the Plan Area supports agricultural land and 0.37 percent of the areas of 
expected build-out within the Plan Area are forested (see Appendix B), human disturbance 
associated with construction and decommissioning is expected to occur largely in agricultural 
areas where Indiana bats are not expected to concentrate roosting or foraging activities. The 
AMMs require the siting of facilities away from the most sensitive habitat areas (see Section 
5.1.3.1.1). Construction and decommissioning activities will move to different locations 
associated with individual facility construction and decommissioning, with the maximum 
potential disturbance at any particular location not expected to exceed a several-week period. 
Thus, construction and decommissioning activities will be dispersed throughout the Plan Area and 
are expected to be limited and have temporary impacts on Indiana bat for any given facility.  

Since most construction and decommissioning activity will be focused in agricultural areas where 
Indiana bats are not expected to forage or roost and construction and decommissioning activities 
will be dispersed throughout the Plan Area, human disturbance to Indiana bats during the 
maternity period is expected to be minimal. During migration, Indiana bats are expected to move 
through the individual facilities in the Plan Area relatively quickly, thereby limiting the temporal 
exposure to construction and decommissioning activities. In summary, any negative physiological 
effects that could result from disturbance associated with construction or decommissioning, such 
as increased energy expenditure resulting in lost reproductive fitness, are not expected to rise to 
the level of take.  

Collision with Vehicles 

Bats have been found to be susceptible to collision with vehicles in areas of high traffic volume 
located near known maternity colonies and foraging areas. Russell et al. (2009) documented one 
Indiana bat and multiple little brown bat fatalities along a narrow highway corridor (20 m [66 ft]) 
that was surrounded by forested habitat and located between an active little brown bat maternity 
colony and a core foraging area. Although this study demonstrated that Indiana bats are 
susceptible to collision with vehicles, the construction and decommissioning vehicle traffic 
associated with an individual facility in the Plan Area is expected to have a different affect than 
highway vehicle traffic. Vehicles that will be used for construction and decommissioning are 
mostly slow moving and make infrequent trips on access roads that may cross Indiana bat 
foraging or traveling corridors. Vehicular activity is expected to be spread throughout individual 
facility sites in the Plan Area and is expected to be limited in any given area to a several-week 
period, limiting the spatial and temporal extent of risk from vehicular collision.  

As a result of the limited amount of suitable Indiana bat maternity colony habitat in areas where 
build-out is projected in the Plan Area, the majority of individual facilities will likely only have 
migratory bat activity, further limiting risk of exposure to vehicular traffic on a temporal basis. 
Additionally, the limited amount of vehicular traffic associated with construction and 
decommissioning would mostly occur during daylight hours when Indiana bats are not flying. For 
these reasons, the risk for Indiana bat collisions with vehicles is expected to be very low, such that 
no take of Indiana bat is expected as a result of vehicle operations. 
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Wooded Habitat Removal 

In areas where Indiana bats occur, AMM GEN5 restricts the timing of tree clearing to time 
periods when Indiana bats are not present (see Section 5.1.3.1.1). Therefore, wooded habitat 
removal associated with construction and decommissioning activities is not expected to rise to the 
level of take. 

4.3.1.2 Operations and Maintenance 

4.3.1.2.1 Sound from Operating Turbines 

Since the operation of wind energy facilities raises background sound levels, there is a potential 
for increased ambient sound generated by wind turbines to impact wildlife that reside within or 
near wind facilities. The magnitude of influence of turbine-generated sound on wildlife will differ 
based on turbine design (i.e., size and operating specifications), existing ambient sound levels 
from other sources, the auditory perception of the species exposed to the increased sound, and the 
extent to which the wildlife species’ life history and behavior are affected by the increased sound.  

Some studies have found evidence to suggest that increased ambient noise levels from some 
human activities can impede acoustical communication, reproductive success, predator-prey 
interactions, and time-energy allocation in certain species of animals (Barber et al. 2010). 
However, little is known about the effects of increased ambient noise on bats in general, or 
Indiana bats in particular, although a few studies have found likely effects from noise on gleaning 
bats.16 Neuweiler (1989) found that gleaning bats are susceptible to the masking effects of sound 
emissions, and Kerth and Melber (2009, as cited in Barber et al. 2010) found that a species of 
gleaning bat was less likely to cross a roadway than was a sympatric open-space foraging bat. In a 
laboratory setting, Schaub et al. (2008, as cited in Barber et al. 2010) demonstrated that gleaning 
bats avoided hunting in the presence of played-back road noise between 3 and 8 kilohertz (kHz).  

Indiana bats are not gleaning bats, and instead use echolocation17 to hunt their prey in the air 
while flying, also known as hawking. Thus, responses to road-generated noise similar to those 
seen in gleaning bats are not expected in hawking bats, including the Indiana bat. Although one 
study found that Indiana bat roosts were further from paved roads than nonpaved roads (Gardner 
et al. 1991), the potential effects of noise were not isolated from the many other potential causal 
factors.  

Little is known about response of bats to wind turbine noise specifically. Only one study to date, 
conducted by Szewczak and Arnett (2006), has investigated the potential for ultrasound emissions 
from a variety of wind turbines to serve as a potential attractant to bats. The study concluded that 
ultrasound emissions, as measured from the ground level, do not likely play a significant role in 
attracting bats toward wind turbines with resulting fatalities from rotor strikes. Further, Horn et al. 

                                                 
16 Gleaning bats rely on prey-generated sounds to capture prey on the ground or foliage surfaces. 
17 Echolocation is a behavior in which an animal emits sound waves and listens to the echo. 
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(2008) documented bats repeatedly flying in and around spinning turbine blades using thermal 
infrared cameras. Thus, it is unlikely that sound from operating wind turbines disturbs bats. 

Although no empirical data exist on how Indiana bats respond to operating turbines, the above 
studies (Szewczak and Arnett 2006; Horn et al. 2008) indicate that bats are not likely to be 
disturbed by sound from operating turbines. Further, considering the relatively high documented 
bat fatalities at many wind facilities, including species of hawking bats such as Myotis spp., it is 
unlikely that sound from operating wind turbines disturbs Indiana bats. Additionally, in locations 
and at times (night) when Indiana bats are most at risk, turbine-generated sound will be reduced 
under AMM INBA1 (see Section 5.2.2) by feathering turbine blades (i.e., turbine blades are 
pitched into the wind such that they no longer intercept airflow and they stop rotating or rotate at 
very slow speeds) below a raised cut-in speed. Therefore, the direct impacts from the sound at 
operating turbines on Indiana bats are expected to be negligible and thus not rise to the level of 
take. 

4.3.1.2.2 Lighting 

Sources of lighting at wind facilities typically include Federal Aviation Administration (FAA) 
lighting on some of the wind turbines and meteorological towers, as well as lighting in turbine 
nacelles, at the base of turbines above tower doors, at operations and maintenance (O&M) 
buildings, and at substations. Although response to white lights is unknown (Arnett 2008), FAA 
lights are anticipated to be flashing red strobes. Several studies have found evidence to suggest 
that FAA lighting does not result in direct impacts on bats. Arnett (2005) studied bat activity and 
fatalities at the Mountaineer facility in West Virginia and at the Meyersdale facility in 
Pennsylvania and found that turbines with FAA lights did not appear to affect the rate of bat 
activity around turbines, as there was no difference between numbers of bat passes recorded with 
acoustic detectors at lit and unlit turbines. Additionally, bat fatalities documented at the 
Mountaineer and Meyersdale facilities were not different between turbines equipped with FAA 
lights and those that were unlit.  

Further support for the lack of influence of FAA lighting on bat fatality rates comes from Arnett 
et al. (2008) who synthesized available information on bat fatalities from five regions in the U.S. 
and one Canadian province, and found that none of the 21 studies conducted at 19 wind energy 
facilities had statistically significant differences in bat fatality rates between turbines equipped 
with FAA lights and those that were unlit. Finally, behavioral responses of bats to operating wind 
turbines were studied by Horn et al. (2008) using thermal infrared cameras and it was found that 
aviation lighting did not appear to affect the prevalence of foraging bats around turbines.  

AMM GEN7 (see Section 5.1.3.1.2) identifies specific criteria for lighting at wind facilities. A 
single, medium intensity aviation warning light will be installed on some turbines at each facility 
per FAA specifications The minimum amount of obstruction avoidance lighting specified by the 
FAA will be used (FAA 2007), which will be approximately one flashing red strobe installed for 
every five turbines, with all strobes illuminating synchronously. To minimize any potential effects 
from FAA lighting on Indiana bats, facilities will use the lowest intensity lighting allowed by 
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FAA on nacelles and meteorological towers. To the extent possible, reduced intensity lighting and 
lights with short flash durations that emit no light during the “off phase” will be used.  

In addition to FAA lights, for security and maintenance purposes a limited number of lights are 
expected to be installed on substations, O&M facilities, and above turbine tower doors at each 
facility. To reduce potential attraction of bats and birds at night, these lights will be minimized 
except where necessary for security and minimum intensity lighting will be used to the maximum 
extent practicable. No steady burning lights will be left on at buildings and instead, motion 
detector lighting or infrared light sensors will be used. Lights will be shielded downward to 
minimize skyward illumination, and high intensity, steady burning, bright lights such as sodium 
vapor or spotlights will not be used. As a result of these minimization measures and the 
demonstrated lack of effect of FAA lighting on bat fatality rates, it is not anticipated that FAA or 
operations lighting will result in harm or mortality of Indiana bats. Thus, direct impacts from 
operational lighting on Indiana bats are expected to be negligible and therefore not rise to the 
level of take. 

4.3.1.2.3 Vegetation Control 

General maintenance activities associated with facility operations could include periodic removal 
of hazard trees or tree limbs near facilities or collection lines for safety and accessibility reasons 
as needed during daylight hours. For example, overhead collection lines will likely need to be 
cleared of all overhanging limbs, and trees around access roads may have to be trimmed to 
maintain open access. Areas that are temporarily disturbed during construction may be allowed to 
grow back, while cleared areas required for permanent access will be maintained.  

In addition to removal of hazard trees/tree limbs, vegetation control in the form of herbicides may 
be used in disturbed areas around facility components to control the spread of invasive species or 
to remove vegetation in search plots to facilitate mortality monitoring (see Chapter 2 for more 
information on vegetation control that may be used during operation of facilities). As previously 
stated, the majority of facilities will likely be cited in agricultural areas, which commonly employ 
herbicides. Therefore, the use of herbicides associated with facilities activities are not expected to 
be significant as compared to existing land use practices. Mowing of search plots in association 
with monitoring activities is not expected to result in removal of Indiana bat habitat. Human 
disturbance (i.e., noise and human activity) from hazard tree removal is expected to be temporally 
and spatially limited, and disturbance is expected to be similar to active agricultural operations 
that are ongoing in the Plan Area. Therefore, disturbance from hazard tree removal and mowing is 
not likely to result in direct impacts on Indiana bats. 

However, to minimize any potential direct impacts on Indiana bats, vegetation control will occur 
outside of the Indiana bat active period in areas where they are known to be present (see AMM 
GEN5 in Section 5.1.3.1.1), except in emergency situations where there is a risk to public safety. 
For these reasons, the direct impacts of vegetation control activities on Indiana bat are expected to 
be negligible and therefore not rise to the level of take.  
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4.3.1.2.4 Collision with Vehicles 

As part of facility operation and maintenance activities, maintenance vehicles are expected to 
make daily trips to and from various turbines at individual facilities in the Plan Area. 
Transportation of wind turbine components needing repair or replacement may also require trucks 
to travel in and out of the facility areas. However, for the reasons described in Section 4.3.1.1, the 
risk for vehicle collisions with Indiana bats is expected to be very low, such that no take of 
Indiana bat is expected as a result of vehicle operations. 

4.3.1.2.5 Collision with Operating Turbines 

Impacts to bats from the operation of wind turbines are well documented (see Section 3.2.4.5). To 
estimate fatalities of Indiana bats as a result of baseline and future wind energy facility operations 
in the Plan Area, the species composition estimation approach was used, as described in Section 
4.2.2.1. The input dataset described in Section 4.2.2.2 was modified to include only nine mortality 
monitoring studies (among a total of 17 studies in the Plan Area that met the study selection 
criteria) that were conducted in the range of the Indiana bat in the Plan Area (Table 4-10). The 
mean bat fatality rate among these nine studies was 18.13 bats/MW/year.  

Table 4-10. Reported and Adjusted Bat Fatality Rates from Mortality Monitoring 
Studies in the Range of the Indiana Bat in the Plan Area 

Facility Name State 

Reported Bat 
Fatality/MW/Study 

Period 
Adjusted Bat 

Fatality/MW/Year 
Fowler I, II, III (2010) IN 18.96 38.22 
Fowler I, II, III (2011) IN 20.19 25.74 
Railsplitter IL 11.49 12.19 
Template 1 OH 13.76 15.25 
Template 20 OH 12.16 12.16 
Template 11 IL 11.8 14.17 
Template 13 IL 12.4 14.89 
Timber Road II 2011 OH 8.98 14.02 
Top Crop IL 16.21 16.56 
Average 

 
13.99 18.13 

The baseline and build-out MWs estimated by state within the range of the Indiana bat are 
presented in Table 4-11. There are a total of 9,768 MW of wind energy capacity under baseline 
conditions, comprised of 9,248 MW associated with existing wind energy facilities and 520 MW 
that are expected to come on line within the range of Indiana bat from April through December 
2015 (see Section 4.2.1.1).  

The build-out model was used to estimate the mean build-out expected to occur during the first 15 
years of MWE implementation (i.e., the period from 2016 to 2030 during which proposed wind 
energy facilities may receive a take authorization as described in Section 1.5), which resulted in an 
estimated 19,725 MW of additional wind energy capacity in the range of the Indiana bat (Table 
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4-11). The mean estimated build-out was applied evenly over the build-out term, which resulted in 
an estimated 1,315 MW added to the baseline MWs on an annual basis for the first 15 years. It was 
assumed that the 9,768 MW of baseline and the 19,725 MW of build-out would be in operation 
each year for the remaining 30 years of MWE implementation (from 2031 to 2060). 

Table 4-11. Baseline (Existing and Projected Facilities to 2015) and Projected 
Build-Out (New Facilities from 2016 to 2030) of New Wind Energy Facilities within 

the Plan Area Range of Indiana Bat  

State 

Baseline Build-Out 

Total MW in 
Indiana Bat 

Range 

Existing 
Facilities MW 

(through March 
2015) 

Estimated MW 
(March-

December 2015) 
Total 

Baseline 
Estimated MW 

2016-2030 (Mean) 
IA 2,393 110 2,503 2,977 5,480 
IL 3,568 262 3,830 9,765 13,595 
IN 1,745 10 1,755 2,457 4,212 
MI 676 13 689 1,806 2,495 
MN 0 0 0 0 0 
MO 436 0 436 690 1,126 
OH 430 125 555 2,030 2,585 
WI 0 0 0 0 0 

Totals 9,248 520 9,768 19,725 29,493 

Fatality Estimation 

As described in Section 4.2.2.1, the species composition approach was used to estimate take of all 
the covered bat species. Using this approach, the first step in calculating the estimated take of 
Indiana bats was to determine the total number of Indiana bat carcasses among all bat carcasses 
found among mortality monitoring studies conducted within their range: 6 out of 6,922, or 0.09 
percent (see   
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Table 4-8) for species of bat carcasses found in each fatality study. Based on the estimated 
percentage of Indiana bats among the total estimated bat fatalities per year, the mean estimated 
Indiana bat fatalities/MW/year was 0.016. An “initial” Indiana bat take estimate was calculated 
without application of the AMM INBA1cut-in speed restrictions (see Section 5.2.2) and without 
take reductions to account for the effects of WNS (see Section 4.2.2.2.2). To calculate the initial 
take estimate, the 0.016 fatality rate was applied to the build-out and baseline MW within the Plan 
Area range of the Indiana bat to determine the annual estimated number of Indiana bat fatalities. 
The initial take estimate resulting from the projected build-out of 19,725 MW (Table 4-11) is 
11,782 individuals over the term of the MWE. The initial take estimate resulting from the baseline 
generation of 9,768 MW (Table 4-11) is 6,909 individuals over the term of the MWE. Following 
application of the 10 percent reduction in the initial take estimates to account for the effects of 
WNS as described in the Section 4.2.2.2.2, the estimated take of Indiana bat over the term of 
MWE is 10,604 individuals for the build-out of 33,000 MW of new generation capacity and 6,218 
individuals for existing wind energy facilities (i.e., baseline; see Table 4-12). The WNS adjusted 
fatalities/MW/year is 0.014 Indiana bat.  

Table 4-12. Estimated Number of Indiana Bat Fatalities adjusted for the Effects of 
WNS and without Implementation of AMM INBA1 from Baseline and Build-Out 

Operations of Wind Energy Facilities from 2016 to 2060  

Plan 
Year 

Calendar 
Year 

Operating 
Status 

Baseline 
MW 

Build-
Out 
MW 

Mean Estimated 
Annual Indiana 

Bat Fatality from 
Baseline1 

Mean Estimated 
Annual Indiana 

Bat Fatality from 
Build-Out1 

Mean Estimated 
Annual Indiana 

Bat Fatality 
from Baseline 
and Build-Out1 

1 2016 Build 9,768 1,315 138 19 157 
2 2017 Build 9,768 2,630 138 37 175 
3 2018 Build 9,768 3,945 138 56 194 
4 2019 Build 9,768 5,260 138 74 213 
5 2020 Build 9,768 6,575 138 93 231 
6 2021 Build 9,768 7,890 138 112 250 
7 2022 Build 9,768 9,205 138 130 268 
8 2023 Build 9,768 10,520 138 149 287 
9 2024 Build 9,768 11,835 138 167 306 
10 2025 Build 9,768 13,150 138 186 324 
11 2026 Build 9,768 14,465 138 205 343 
12 2027 Build 9,768 15,780 138 223 361 
13 2028 Build 9,768 17,095 138 242 380 
14 2029 Build 9,768 18,410 138 260 399 
15 2030 Build 9,768 19,725 138 279 417 
16 2031 Operate 9,768 19,725 138 279 417 
17 2032 Operate 9,768 19,725 138 279 417 
18 2033 Operate 9,768 19,725 138 279 417 
19 2034 Operate 9,768 19,725 138 279 417 
20 2035 Operate 9,768 19,725 138 279 417 
21 2036 Operate 9,768 19,725 138 279 417 
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Plan 
Year 

Calendar 
Year 

Operating 
Status 

Baseline 
MW 

Build-
Out 
MW 

Mean Estimated 
Annual Indiana 

Bat Fatality from 
Baseline1 

Mean Estimated 
Annual Indiana 

Bat Fatality from 
Build-Out1 

Mean Estimated 
Annual Indiana 

Bat Fatality 
from Baseline 
and Build-Out1 

22 2037 Operate 9,768 19,725 138 279 417 
23 2038 Operate 9,768 19,725 138 279 417 
24 2039 Operate 9,768 19,725 138 279 417 
25 2040 Operate 9,768 19,725 138 279 417 
26 2041 Operate 9,768 19,725 138 279 417 
27 2042 Operate 9,768 19,725 138 279 417 
28 2043 Operate 9,768 19,725 138 279 417 
29 2044 Operate 9,768 19,725 138 279 417 
30 2045 Operate 9,768 19,725 138 279 417 
31 2046 Operate 9,768 19,725 138 279 417 
32 2047 Operate 9,768 19,725 138 279 417 
33 2048 Operate 9,768 19,725 138 279 417 
34 2049 Operate 9,768 19,725 138 279 417 
35 2050 Operate 9,768 19,725 138 279 417 
36 2051 Operate 9,768 19,725 138 279 417 
37 2052 Operate 9,768 19,725 138 279 417 
38 2053 Operate 9,768 19,725 138 279 417 
39 2054 Operate 9,768 19,725 138 279 417 
40 2055 Operate 9,768 19,725 138 279 417 
41 2056 Operate 9,768 19,725 138 279 417 
42 2057 Operate 9,768 19,725 138 279 417 
43 2058 Operate 9,768 19,725 138 279 417 
44 2059 Operate 9,768 19,725 138 279 417 
45 2060 Operate 9,768 19,725 138 279 417 

Totals 
    

6,218 10,604 16,822 
1The Indiana bat/MW take value used to calculate the annual estimated take is 0.0141470610. Take estimates are 
rounded to the nearest whole bat. 

Seasonal Distribution of Fatalities 

The seasonal distribution of fatalities was estimated for use in determining the proportion of the 
take attributed to female Indiana bats, which is necessary for determining the impact of the take 
on the population (see Section 4.3.5). To calculate the expected proportion of take that is likely to 
occur during each season of the active period, the seasonal distribution of Myotis fatalities from 
41 fatality monitoring studies conducted in the eastern and midwestern U.S. that conducted 
monitoring during the entire Indiana bat active period were used (see Section and Figure 4-3).  

Of the total 4,284 bat fatalities documented in these 41 studies, there were a total of 237 Myotis 
fatalities, of which 7 percent, 36 percent, and 57 percent occurred during the spring, summer, and 
fall periods, respectively (see Table 4-13). These proportions were used to estimate seasonal 
mortality of Indiana bats associated with the 19,725 MW of projected build-out as presented in 
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Table 4-13. Seasons were defined as spring: April 1 to May 31; summer: June 1 to July 31; and 
fall August 1 to October 31 (see Table 4-5).  

 

Figure 4-3. Counts of Myotis Bat Carcasses by Date Found in 41 Mortality 
Monitoring Studies in the Eastern and Midwestern United States that Conducted 

Monitoring over the Entire Active Bat Period  
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Table 4-13. Seasonal Distribution of Estimated Indiana Bat Fatalities with the 
Projected Build-Out of 33,000 MW from 2016 to 2060 

Plan 
Year 

Calendar 
Year 

Build-
Out MW 

Seasonal and Annual Mean Estimated 
Indiana Bat Fatality from Build-Out1 

Spring  Summer  Fall  Annual 
1 2016 1,315 1 7 11 19 
2 2017 2,630 3 13 21 37 
3 2018 3,945 4 20 32 56 
4 2019 5,260 5 27 42 74 
5 2020 6,575 7 33 53 93 
6 2021 7,890 8 40 64 112 
7 2022 9,205 9 47 74 130 
8 2023 10,520 10 54 85 149 
9 2024 11,835 12 60 95 167 

10 2025 13,150 13 67 106 186 
11 2026 14,465 14 74 117 205 
12 2027 15,780 16 80 127 223 
13 2028 17,095 17 87 138 242 
14 2029 18,410 18 94 148 260 
15 2030 19,725 20 100 159 279 
16 2031 19,725 20 100 159 279 
17 2032 19,725 20 100 159 279 
18 2033 19,725 20 100 159 279 
19 2034 19,725 20 100 159 279 
20 2035 19,725 20 100 159 279 
21 2036 19,725 20 100 159 279 
22 2037 19,725 20 100 159 279 
23 2038 19,725 20 100 159 279 
24 2039 19,725 20 100 159 279 
25 2040 19,725 20 100 159 279 
26 2041 19,725 20 100 159 279 
27 2042 19,725 20 100 159 279 
28 2043 19,725 20 100 159 279 
29 2044 19,725 20 100 159 279 
30 2045 19,725 20 100 159 279 
31 2046 19,725 20 100 159 279 
32 2047 19,725 20 100 159 279 
33 2048 19,725 20 100 159 279 
34 2049 19,725 20 100 159 279 
35 2050 19,725 20 100 159 279 
36 2051 19,725 20 100 159 279 
37 2052 19,725 20 100 159 279 
38 2053 19,725 20 100 159 279 
39 2054 19,725 20 100 159 279 
40 2055 19,725 20 100 159 279 
41 2056 19,725 20 100 159 279 
42 2057 19,725 20 100 159 279 
43 2058 19,725 20 100 159 279 
44 2059 19,725 20 100 159 279 
45 2060 19,725 20 100 159 279 

Totals     742 3,817 6,044 10,604 
1The Indiana bat/MW take value used to calculate the annual estimated take is 
0.0141470610. Take estimates are rounded to the nearest whole bat. 
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4.3.2 Indirect Impacts 

This section provides a description of the forms of indirect impacts on Indiana bat that are 
reasonably certain to result from the Covered Activities, such as habitat loss and degradation and 
vegetation control. 

4.3.2.1 Construction and Decommissioning 

AMM GEN5 requires that removal of Indiana bat habitat be conducted during seasons when bats 
are not present and therefore no direct mortality would occur (see Section 5.1.3.1.1. Removal of 
forest habitat associated with facility construction and decommissioning could indirectly 
negatively affect Indiana bats if it causes them to exert additional energy to locate suitable 
maternity roosts and foraging areas in the summer or travel corridors during spring and fall 
migration. As described in Section 3.2, Indiana bats are known to exhibit site fidelity to both 
individual roost trees and foraging areas in maternity colony areas. However, Indiana bats are also 
known to frequently shift from one roost tree to another. Due to their fission-fusion society, at any 
given time many members of a colony may reside in a single primary roost tree, while other 
members of the colony roost solitarily or in smaller subgroups in secondary roost trees.  

The magnitude of effect from forest habitat removal is likely to vary based on the quality and 
quantity of habitat removed and the availability of alternate habitat of comparable quality and 
character. Kurta (2005) suggested that the magnitude of impact from roost tree removal will vary 
greatly depending on the scale of roost loss (i.e., how many roosts are lost and how much 
alternative habitat is left for the Indiana bats in the immediate vicinity of the traditional roost 
sites). Kurta and Murray (2002) and Kurta et al. (2002) documented shifts in the focal point of 
Indiana bat roosting activity by 2 kilometers (km) (1.2 miles) over a three-year period. Therefore, 
it is possible that if suitable alternate habitat exists in relatively close proximity to the removed 
habitat, Indiana bats can successfully shift their roosting activities to minimize the impact of 
wooded habitat removal during the summer reproductive period. 

Tree removal may have indirect impacts on maternity colonies where habitat is a limiting factor. 
Maternity colonies are dependent on the forest habitat within their home range. Some known 
colonies are habitat limited and loss of additional forest within their home range, even if the 
habitat is cleared during the non-active period, could result in take if their only roost trees or 
foraging areas are cleared and alternative roost trees and foraging habitat areas are less suitable 
than those that are removed. Although AMM GEN3 will minimize the risk for the removing 
occupied roost trees, there remains a potential that an occupied roost site could be removed during 
winter and spring periods when Indiana bat would not be present. As described in Section 
9.4.4.3.1, however, individual incidental take permits (ITPs) or Certificate of Inclusions (COIs) 
will not be issued or granted, respectively, if a new wind energy facility could result in the loss of 
a maternity colony. 

The potential impacts of forest removal on migrating Indiana bats is not well understood, because 
there is little information on Indiana bat use of forest habitat during migration. Several spring 
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emergence studies have documented female Indiana bats flying directly from their hibernacula to 
their summer ranges over very short periods of time (see Section 3.2 for a description of spring 
migration studies). The rapid rate at which Indiana bats migrate during the spring over long 
distances may leave little time for roosting and foraging along their migration routes, which could 
mean that forest habitat has relatively little importance during spring migration. However, some 
studies have indicated that Indiana bats follow landscape features while migrating (McShea and 
Lessig 2005; Hicks et al. 2012; J. Chenger pers. comm.) and may go out of their way to follow 
tree lines, including riparian forest along streams through otherwise developed areas, and avoid 
open areas (Turner 2006; Hicks et al. 2012). Hicks et al. (2012) noted that while performing 
radio-tracking during spring migration from the Blackball Mine in Illinois, Indiana bats were not 
found in areas that would have required crossing large expanses of open space (e.g., agricultural 
fields). Thus, use of wooded areas and riparian corridors in particular, may be important for 
traveling and possibly foraging and/or roosting during the spring migration period.  

Comparatively little information exists to understand fall migration, and no fall telemetry studies 
have been conducted to date due to the challenges inherent in capturing Indiana bats prior to their 
departing maternity areas during the fall. However, the four documented fall Indiana bat fatalities 
in the Midwest (at Fowler Ridge in Indiana in 2010 and 2011, at Blue Creek in Ohio in 2012, and 
at Timber Road in Ohio in 2013) all occurred in areas dominated by agricultural land with very 
little forest habitat. These fatalities provide some indication that bats during the fall migrate in 
areas where there is little to no forest cover, particularly in areas of the Midwest where there are 
large expanses of agricultural habitat that must be crossed for bats to travel between winter 
hibernacula and summer maternity colonies. Thus, the potential impacts of forest habitat removal 
during spring and fall migration are not well understood. 

Despite the lack of information regarding Indiana bat use of wooded areas during migration, 
indirect impacts on Indiana bat from wooded habitat removal associated with facility 
development is expected to be minimal for migrating individuals and maternity colonies because 
a very small portion of the forested habitat available in the Plan Area will be removed for facility 
development. There are 17,438,250 hectares (43,090,854 acres) of forested habitat within the Plan 
Area range of Indiana bat. Assuming the higher projected percent of habitat removal associated 
with facility development (i.e., 5 percent; see Section 4.2.2.1), and assuming the maximum build-
out (i.e., the 95th percentile), a total of 5,008 hectares (12,375 acres) of the forest habitat is 
expected to be removed within the range of the Indiana bat (Table 4-2). This amount of forested 
habitat removal represents less than 0.03 percent of the total forest available in the Indiana bat’s 
Plan Area range. The removal of habitat will be spread out among hundreds of new wind energy 
facilities such that the amount of forest cleared at any one facility would be relatively small. 

Given the small proportion of the total forested habitat that will be removed under the MWE, it is 
expected that forested habitat removal will not significantly decrease the availability of habitat 
important for traveling, roosting, and foraging activities during the summer reproductive or 
migratory periods of Indiana bat. Therefore, Indiana bats are not expected to require substantial 
amounts of energy to locate alternate forest habitat and the relatively small amount of forest that 
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would be removed is expected to have only minimal impacts is considered to be minimal. For 
these reasons, the indirect impacts of forest removal activities on Indiana bat are expected to be 
negligible and therefore not rise to the level of take.  

4.3.2.2 Operations and Maintenance 

As described in Section 2.4, vegetation control will be implemented during operation and 
maintenance of individual facilities. Periodic tree trimming will occur for safety reasons and for 
accessibility to facility components. For example, overhead collection lines and roads will be 
cleared of hazard vegetation, and herbicides and mowing may be used to clear search plots during 
mortality monitoring. Due to the minimal amount of vegetation control that will occur and the 
fact that it will be limited in space and time, the indirect impacts of vegetation control activities 
on Indiana bat are expected to be negligible and therefore not rise to the level of take. 

4.3.3 Overall Take Estimate 

As described in Sections 4.3.1 and 4.3.2, implementation of the Covered Activities could result in 
take of Indiana bat associated with wind turbine operations and in indirect impacts associated 
with construction activities that result in the removal of occupied Indiana bat habitat.  
 
The estimated take of Indiana bats associated with the full build-out of 19,725 MWs (Table 4-11) 
is 10,604 individuals over the term of the MWE (see Table 4-12). The estimated take associated 
with the baseline generation of 9,768 MWs is 6,218 Indiana bats over the term of the MWE (see 
Table 4-12). The Plan Area-wide level of take that may be requested for existing wind energy 
facilities (i.e., wind energy facilities that are operating prior to 2016) is not limited under the 
MWE because implementation of the AMMs by participating existing wind energy facilities is 
expected to be beneficial to the Indiana bat. The total estimated Indiana bat take from full build-
out and baseline within each state is presented in Table 4-14.  
 
Table 4-14. State Distribution of Estimated Indiana Bat Fatalities for Build-Out and 

Baseline Wind Energy Facilities from 2016 to 2060 

State Mean Indiana Bat Fatality 
from Baseline 

Mean Estimated Indiana Bat 
Fatality from Build-Out 

Mean Estimated Indiana Bat 
Fatality from Baseline + 

Build-Out 
IA 1,593 1,600 3,194 
IL 2,438 5,250 7,688 
IN 1,117 1,321 2,438 
MI 439 971 1,410 
MN 0 0 0 
MO 278 371 649 
OH 353 1,091 1,445 
WI 0 0 0 

Totals 6,218 10,604 16,822 
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 To the degree that existing wind energy facilities that are not operating under a USFWS 
Technical Assistance Letter (which requires the facility to operate turbines at cut-in speeds that 
avoid take of Indiana bat) receive a take authorization, baseline take of Indiana bat will be 
reduced with implementation of AMM INBA1 (see Section 5.2.2), which prescribes wind turbine 
cut-in speed restrictions during the periods that Indiana bats are at high risk for collisions with 
turbine blades. As described in Section 5.1.3.2 and presented in Table 5-1, the potential for 
reduction in take of Indiana bats associated with implementing AMM INBA1 may be substantial. 

Indirect impacts on Indiana bat could result from the removal of up to 5,008 hectares (12,375 
acres) of occupied Indiana bat habitat that could be associated with the construction of new wind 
energy facilities or expansion of existing wind energy facilities (see Section 4.3.2.1 and 
Table 4-2). 

4.3.4 Effects on Designated Critical Habitat 

All ESA-designated critical habitat for Indiana bat in the Plan Area is outside of the Covered 
Lands; therefore, no impacts on critical habitat will result from Covered Activities. 

4.3.5 Impact of Take  

Take associated with implementation of the Covered Activities impacts Indiana bat by reducing 
its reproductive capacity as a result of removing females from the Plan Area population. The 
general distribution of Indiana bat within the Plan Area is unlikely to be impacted because, as 
described in Section 9.4.4.3.1, take authorizations will not be issued to facilities with take that 
could result in the loss of a known Indiana bat colony or the loss of a hibernaculum. Unknown 
maternity colonies, however, could be impacted if multiple individuals from a single colony are 
taken as a result of collisions with wind turbine blades during migration. The number of known 
maternity colonies, however, is expected to increase over the 15-year enrollment period of the 
MWE as a result of new survey techniques, modeling efforts, and research information. 
Consequently, the potential for losses of unknown colonies is expected to be reduced over time. 
As described in Section 4.3.2.1, the impact of indirect impacts associated with the removal of 
occupied habitat is expected to be minimal. 

To understand the biological impact of the take on Indiana bat from Covered Activities, it is 
necessary to understand what proportion of the take is likely to be attributed to reproductive 
females. When an adult female bat is prematurely killed at a wind energy facility, her and her 
offspring’s reproductive potential is lost. Inferences from scientific literature, migratory banding 
records, and Indiana bat fatalities to date were used to estimate the amount of mortality expected 
to be attributed to male and female Indiana bats.  

The majority of hibernacula are in the southern portion of the Plan Area and the build-out is 
projected to be located relatively uniformly throughout the Plan Area (see Figure 4-4, which 
shows one potential realization of the build-out model). Indiana bats in the Midwest typically 
migrate from hibernacula in the south to summer habitat in the north over large distances. The  
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Figure 4-4. Indiana Bat Range Overlaid with One Possible Realization of the Build-
Out Model of Wind Energy Facilities  
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maximum reported distance from band returns and radio telemetry studies is 375 miles (604 km) 
(A. Kurta pers. comm.) and the average migration distance for females is estimated at 76.7 miles 
(123.4 km) (modeled by WEST). As described in Section 3.2, adult male Indiana bats typically 
remain close to hibernacula during the summer (Gardner and Cook 2002; Whitaker et al. 2002). 
Therefore, it is assumed that most bats encountering facilities in the Plan Area during the spring 
and fall migratory periods will be migrating adult females. This assumption is supported by the 
finding that all four Indiana bat fatalities documented at wind facilities during the fall have been 
adult females. Although the exact proportion of females to males is unknown, a 3:1 ratio of 
females to males is a reasonable assumption based on available information. Therefore, 
approximately 75 percent of the Indiana bats that are estimated to be taken by facilities during the 
spring and fall migration periods are expected to be adult reproductive females.  

Similarly, it is expected that the majority of individuals taken at facilities within or adjacent to 
maternity colony habitat will be adult females, since adult males are generally expected to remain 
near hibernacula, and the majority of the wind energy facility build-out will be distant from 
hibernacula. Summer mist-netting studies conducted in southern Lower Michigan (the northern-
most portion of the Indiana bat range in the Midwest) from 1978 to 2002 showed that only 
11 percent of the adults captured were males (Kurta and Rice 2002). The proportion of adult 
males in the summer population may have been underestimated, however, because mist-netting 
preferentially occurred near maternity roosts (Kurta et al. 1996; Kurta and Rice 2002) and male 
Indiana bats often do not roost with females during the maternity period (Gardner et al. 1991). 
Given the potential bias towards female captures in this dataset, and the assumption that some 
facilities will be built closer to hibernacula where the proportion of adult males is expected to be 
higher, a 3:1 ratio of females to males was also used to attribute take of adult females for facilities 
built within and near maternity colony habitat.  

For the purpose of evaluating the impact of the take associated with the build-out of 33,000 MW 
on Indiana bat, 75 percent of the estimated fatality during all seasons is attributed to adult 
females, resulting in 14 female Indiana bats estimated to be taken in Year 1 of MWE 
implementation (Table 4-15). As shown in Table 4-15, this female take increases with increasing 
MW capacity over the term of the MWE, with a maximum of 209 female bats in any given year. 
Total female take is expected to be 7,953 female Indiana bats over the 45-year term of the MWE.  
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Table 4-15. Maximum Estimated Female Indiana Bat Fatalities 
Annually from Build-Out of Wind Energy Facilities in the Plan Area 

from 2016 to 2060 

Plan Year 

Maximum Estimated Female Indiana Bat Fatalities from 
Build-Out 

Spring Summer Fall Annual 
1 1 5 8 14 
2 2 10 16 28 
3 3 15 24 42 
4 4 20 32 56 
5 5 25 40 70 
6 6 30 48 84 
7 7 35 56 98 
8 8 40 64 112 
9 9 45 72 126 
10 10 50 80 140 
11 11 55 87 153 
12 12 60 95 167 
13 13 65 103 181 
14 14 70 111 195 
15 15 75 119 209 
16 15 75 119 209 
17 15 75 119 209 
18 15 75 119 209 
19 15 75 119 209 
20 15 75 119 209 
21 15 75 119 209 
22 15 75 119 209 
23 15 75 119 209 
24 15 75 119 209 
25 15 75 119 209 
26 15 75 119 209 
27 15 75 119 209 
28 15 75 119 209 
29 15 75 119 209 
30 15 75 119 209 
31 15 75 119 209 
32 15 75 119 209 
33 15 75 119 209 
34 15 75 119 209 
35 15 75 119 209 
36 15 75 119 209 
37 15 75 119 209 
38 15 75 119 209 
39 15 75 119 209 
40 15 75 119 209 
41 15 75 119 209 
42 15 75 119 209 
43 15 75 119 209 
44 15 75 119 209 
45 15 75 119 209 

Totals 557 2,863 4,533 7,953 
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The Indiana bat resource equivalency analysis (REA) model (see Appendix C) was used to 
estimate the total impact of the take in terms of lost reproductive capacity from take of female 
Indiana bats. The USFWS REA model uses the following input assumptions:  

• Adult Female Breeding Rate = 0.562 

• Juvenile Female Breeding Rate = 0.130 

• Pup Survival to juvenile = 0.585 

• Juvenile Annual Survival = 0.674 

• Adult Annual Survival = 0.857  

The model assumes that the lifespan of a Indiana bat is seven years and the lost reproduction time 
for adult females is 5 years, (i.e., for each adult female killed, the debit includes 5 [4.78 years] 
years of reproduction), due to an underlying assumption that adult females are taken after their 
second reproductive season. The potential offspring of each female’s pups (i.e., second generation 
pups) are also assumed to be lost. The reproductive life of each female’s offspring is assumed to 
be the full breeding life span (i.e., 7 years). 

The REA model only allows for one input number for the estimated annual female take, so the 
average annual female take was used (177 female Indiana bats), even though this will be variable 
over time. Based on the average annual take of female Indiana bats per year (177 female Indiana 
bats over the 45-year duration of the MWE) and a declining rate of population growth attributable 
to the effects of WNS, the total impact of the take is estimated to be 20,655 Indiana bats (take of 
7,965 + lost reproduction of 12,690 female pups), or 459 Indiana bats per year on average.  

4.4 NORTHERN LONG-EARED BAT 

This section provides results of the analysis from impacts on Covered Activities relating to the 
northern long-eared bat. This section describes direct and indirect impacts, overall predicted level 
of take, and the biological effects of the take on the species.  

4.4.1 Direct Impacts 

This section describes the mechanisms that could result in take of northern long-eared bat that are 
reasonably certain to result from implementation of the Covered Activities described in 
Chapter 2. 

4.4.1.1 Construction and Decommissioning 

The risk and mechanisms for construction and decommissioning activities impacting northern 
long-eared bats are the same as described in Section 4.3.1.1 for the Indiana bat. Consequently, 
any negative physiological effects that could result from disturbance associated with construction 
or decommissioning, such as increased energy expenditure resulting in lost reproductive fitness, 
are expected to be negligible and therefore not rise to the level of take.  
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Collision with Vehicles 

The risk and mechanisms for northern long-eared bats to collide with vehicles are the same as 
described in Section 4.3.1.1 for the Indiana bat. Consequently, the risk for northern-long eared bat 
collisions with vehicles is considered to be very low, such that no take of northern-long eared bat 
is expected as a result of vehicle operations. 

Wooded Habitat Removal 

In areas where northern long-eared bats occur, AMM GEN5 restricts the timing of tree clearing to 
time periods when northern long-eared bats are not present (see Section 5.1.3.1.1).Therefore, 
wooded habitat removal associated with construction and decommissioning activities is not 
expected to rise to the level of take. 

4.4.1.2 Operations and Maintenance 

4.4.1.2.1 Sound from Operating Turbines 

The risk of and mechanisms for sound from operating turbines impacting northern long-eared bat 
are the same as described in Section 4.3.1.2.1 for the Indiana bat. Turbine-generated sound will 
also be reduced under AMM NLEB1 (see Section 5.3.2) at times when northern long-eared bats 
are most active by feathering turbine blades below a raised cut-in speed at night in locations and 
at times when northern long-eared bats are most at risk. Therefore, the direct impacts from the 
sound at operating turbines on northern long-eared bats are expected to be negligible and thus not 
rise to the level of take. 

4.4.1.2.2 Lighting 

The risk of and mechanisms for sound from operating turbines impacting northern long-eared bats 
are the same as described in Section 4.3.1.2.2 for the Indiana bat. Consequently, direct impacts 
from operational lighting on northern long-eared bats are expected to be negligible and therefore 
not rise to the level of take. 

4.4.1.2.3 Vegetation Control 

The risk of and mechanisms for vegetation control activities impacting northern long-eared bats 
are the same as described in Section 4.3.1.2.3 for the Indiana bat. Consequently, the effects of 
ongoing vegetative controls associated with facility operations and maintenance are expected to 
be insignificant, and not likely to result in take of northern long-eared bats.  

4.4.1.2.4 Collision with Vehicles 

The risk and mechanisms for northern long-eared bats to collide with vehicles are the same as 
described in Sections 4.3.1.1 and 4.3.1.2.4 for the Indiana bat. Consequently, the risk for vehicle 
collisions with northern long-eared bats is expected to be very low, such that no take of northern 
long-eared bat is expected as a result of vehicle operations. 
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4.4.1.2.5 Collision with Operating Turbines 

Impacts to bats from the operation of wind energy facilities are well documented (see Section 
3.3.4.5). To estimate fatalities of northern long-eared bats as a result of baseline and future facility 
operations in the Plan Area, the species composition approach to fatality estimation was used (see 
Section 4.2.2.2.1). The input data described in Section 4.2.2.2 and in Table 4-3, including all 17 
studies in the Plan Area that met the selection criteria and were conducted in the range of the 
northern long-eared bat, were used to develop the mean bat fatality rate of 17.59 bats/MW/year 
(Table 4-6).  

The baseline and build-out MWs estimated by state within the range of the northern long-eared 
bat are presented in Table 4-16. There are a total of 18,004 MW of wind energy capacity under 
baseline conditions, comprised of 17,129 MW associated with existing wind energy facilities and 
875 MW that are expected to come on line within the range of northern long-eared bat from April 
through December 2015 (see Section 4.2.1.1).  

Table 4-16. Baseline (Existing and Projected Facilities to 2015) and Projected 
Build-Out (New Facilities from 2016 to 2030) of New Wind Energy Facilities within 
the Plan Area Range of the Northern Long-Eared Bat and Little Brown Bat in the 

Plan Area  

State 

Baseline Build-Out 

Total MW in the 
Plan Area 

  

Existing 
Facilities MW 

(through March 
2015) 

Estimated MW 
(March-

December 2015)1 
Total Baseline  Estimated MW 

2016-2030 (Mean) 

IA 5,713 263 5,976 7,108 13,084 

IL 3,568 262 3,830 9,765 13,595 

IN 1,745 10 1,755 2,457 4,212 

MI 1,531 30 1,561 4,094 5,655 

MN 3,034 185 3,219 5,848 9,067 

MO 459 0 459 727 1,186 

OH 430 125 555 2,030 2,585 

WI 649 0 649 971 1,620 

Totals 17,129 875 18,004 33,000 51,004 
1Assumes 50 percent of MWs under construction as of April 2015 are completed by December 2015).  

The build-out model was used to estimate the mean build-out expected to occur during the first 15 
years of MWE implementation (i.e., the period from 2016 to 2030 during which proposed wind 
energy facilities may receive a take authorization as described in Section 1.5), which resulted in 
an estimated 33,000 MW of additional wind energy capacity in the range of the northern long-
eared bat (Table 4-16). The mean estimated build-out was applied evenly over the build-out term, 
which resulted in an estimated 2,200 MW added to the baseline MWs on an annual basis for the 
first 15 years. It was assumed that the 18,004 MW of baseline and the 33,000 MW of build-out 
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would be in operation each year for the remaining 30 years of MWE implementation (from 2031 
to 2060). 

Fatality Estimation 

As described in Section 4.2.2.2.1, the species composition approach was used to estimate take of 
the covered bat species. Using this approach, the first step in calculating the estimated take of 
northern long-eared bats was to determine the total number of northern long-eared bat carcasses 
among all bat carcasses found among mortality monitoring studies conducted within their Plan 
Area range (8 out of 8,934, or 0.09 percent; see Table 4-7). Based on the estimated percentage of 
northern long-eared bats among the total estimated bat fatalities per year, the mean estimated 
northern long-eared bat fatalities/MW/year was 0.016.  

An initial northern long-eared bat take estimate was calculated without application of the AMM 
NLEB1cut-in speed restrictions (see Section 5.3.2) and without take reductions to account for the 
effects of WNS (see Section 4.2.2.2.2). To calculate the initial take estimate, the 0.016 fatality 
rate was applied to the build-out and baseline MW within the Plan Area range of the northern 
long-eared bat to determine the annual estimated number of northern long-eared bat fatalities. The 
initial take estimate resulting from the projected build-out of 19,725 MW (Table 4-11) is 19,750 
individuals over the term of the MWE. The initial take estimate resulting from the baseline 
generation of 9,768 MW (Table 4-11) is 12,760 individuals over the term of the MWE. Following 
application of the 10 percent reduction in the initial take estimates to account for the effects of 
WNS as described in the Section 4.2.2.2.2, the estimated take of northern long-eared bat over the 
term of MWE is 17,775 individuals for the build-out of 33,000 MW of new generation capacity 
and 11,484 individuals for existing wind energy facilities (i.e., baseline; see Table 4-17). The 
WNS adjusted fatalities/MW/year is 0.014 northern long-eared bat. 
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Table 4-17. Estimated Number of Northern Long-Eared Bat Fatalities adjusted for the Effects of WNS and without 
Implementation of AMM NLEB1 from Baseline and Build-Out Operations of Wind Energy Facilities 

from 2016 to 2060 

Plan 
Year 

Calendar 
Year 

Operating 
Status 

Baseline 
MW 

Build-Out 
MW 

Mean Estimated 
Annual Northern 
Long-Eared Bat 

Fatality from 
Baseline1 

Mean Estimated Annual 
Northern Long-Eared Bat 
Fatality from Build-Out1 

Mean Estimated Annual 
Northern Long-Eared Bat 
Fatality from Baseline + 

Build-Out1 
1 2016 Build 18,004 2,200 255 31 286 
2 2017 Build 18,004 4,400 255 62 318 
3 2018 Build 18,004 6,600 255 94 349 
4 2019 Build 18,004 8,800 255 125 380 
5 2020 Build 18,004 11,000 255 156 411 
6 2021 Build 18,004 13,200 255 187 442 
7 2022 Build 18,004 15,400 255 218 473 
8 2023 Build 18,004 17,600 255 249 505 
9 2024 Build 18,004 19,800 255 281 536 
10 2025 Build 18,004 22,000 255 312 567 
11 2026 Build 18,004 24,200 255 343 598 
12 2027 Build 18,004 26,400 255 374 629 
13 2028 Build 18,004 28,600 255 405 661 
14 2029 Build 18,004 30,800 255 437 692 
15 2030 Build 18,004 33,000 255 468 723 
16 2031 Operate 18,004 33,000 255 468 723 
17 2032 Operate 18,004 33,000 255 468 723 
18 2033 Operate 18,004 33,000 255 468 723 
19 2034 Operate 18,004 33,000 255 468 723 
20 2035 Operate 18,004 33,000 255 468 723 
21 2036 Operate 18,004 33,000 255 468 723 
22 2037 Operate 18,004 33,000 255 468 723 
23 2038 Operate 18,004 33,000 255 468 723 
24 2039 Operate 18,004 33,000 255 468 723 
25 2040 Operate 18,004 33,000 255 468 723 
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Plan 
Year 

Calendar 
Year 

Operating 
Status 

Baseline 
MW 

Build-Out 
MW 

Mean Estimated 
Annual Northern 
Long-Eared Bat 

Fatality from 
Baseline1 

Mean Estimated Annual 
Northern Long-Eared Bat 
Fatality from Build-Out1 

Mean Estimated Annual 
Northern Long-Eared Bat 
Fatality from Baseline + 

Build-Out1 
26 2041 Operate 18,004 33,000 255 468 723 
27 2042 Operate 18,004 33,000 255 468 723 
28 2043 Operate 18,004 33,000 255 468 723 
29 2044 Operate 18,004 33,000 255 468 723 
30 2045 Operate 18,004 33,000 255 468 723 
31 2046 Operate 18,004 33,000 255 468 723 
32 2047 Operate 18,004 33,000 255 468 723 
33 2048 Operate 18,004 33,000 255 468 723 
34 2049 Operate 18,004 33,000 255 468 723 
35 2050 Operate 18,004 33,000 255 468 723 
36 2051 Operate 18,004 33,000 255 468 723 
37 2052 Operate 18,004 33,000 255 468 723 
38 2053 Operate 18,004 33,000 255 468 723 
39 2054 Operate 18,004 33,000 255 468 723 
40 2055 Operate 18,004 33,000 255 468 723 
41 2056 Operate 18,004 33,000 255 468 723 
42 2057 Operate 18,004 33,000 255 468 723 
43 2058 Operate 18,004 33,000 255 468 723 
44 2059 Operate 18,004 33,000 255 468 723 
45 2060 Operate 18,004 33,000 255 468 723 

Totals     11,484 17,775 29,259 
1The northern long-eared bat/MW take value used to calculate the annual estimated take is 0.014174501. Take estimates are rounded to the nearest whole bat. 
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Seasonal Distribution of Fatalities 

The seasonal distribution of fatalities was estimated for use in determining the proportion of the 
take attributed to female northern long-eared bats, which is necessary for determining the impact 
of the take on the population (see Section 4.4.5). The expected take of northern long-eared bats 
by season for the 33,000 MW of projected build-out was calculated using the studies and 
methods described in Section 4.3.1.2.5 for Indiana bat. The estimated seasonal morality of 
northern long-eared bats is presented in Table 4-18.  

Table 4-18. Seasonal Distribution of Estimated Northern Long-Eared Bat Fatalities 
with the Projected Build-Out of 33,000 MW from 2016 to 2060  

Plan 
Year 

Calendar 
Year 

Build-Out 
MW 

Seasonal and Annual Mean Estimated Northern 
Long-Eared Bat Fatality from Build-Out1 

Spring Summer Fall Annual 
1 2016 2,200 2 11 18 31 
2 2017 4,400 4 22 36 62 
3 2018 6,600 7 34 53 94 
4 2019 8,800 9 45 71 125 
5 2020 11,000 11 56 89 156 
6 2021 13,200 13 67 107 187 
7 2022 15,400 15 79 124 218 
8 2023 17,600 17 90 142 249 
9 2024 19,800 20 101 160 281 

10 2025 22,000 22 112 178 312 
11 2026 24,200 24 123 196 343 
12 2027 26,400 26 135 213 374 
13 2028 28,600 28 146 231 405 
14 2029 30,800 31 157 249 437 
15 2030 33,000 33 168 267 468 
16 2031 33,000 33 168 267 468 
17 2032 33,000 33 168 267 468 
18 2033 33,000 33 168 267 468 
19 2034 33,000 33 168 267 468 
20 2035 33,000 33 168 267 468 
21 2036 33,000 33 168 267 468 
22 2037 33,000 33 168 267 468 
23 2038 33,000 33 168 267 468 
24 2039 33,000 33 168 267 468 
25 2040 33,000 33 168 267 468 
26 2041 33,000 33 168 267 468 
27 2042 33,000 33 168 267 468 
28 2043 33,000 33 168 267 468 
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Plan 
Year 

Calendar 
Year 

Build-Out 
MW 

Seasonal and Annual Mean Estimated Northern 
Long-Eared Bat Fatality from Build-Out1 

Spring Summer Fall Annual 
29 2044 33,000 33 168 267 468 
30 2045 33,000 33 168 267 468 
31 2046 33,000 33 168 267 468 
32 2047 33,000 33 168 267 468 
33 2048 33,000 33 168 267 468 
34 2049 33,000 33 168 267 468 
35 2050 33,000 33 168 267 468 
36 2051 33,000 33 168 267 468 
37 2052 33,000 33 168 267 468 
38 2053 33,000 33 168 267 468 
39 2054 33,000 33 168 267 468 
40 2055 33,000 33 168 267 468 
41 2056 33,000 33 168 267 468 
42 2057 33,000 33 168 267 468 
43 2058 33,000 33 168 267 468 
44 2059 33,000 33 168 267 468 
45 2060 33,000 33 168 267 468 

Totals     1,244 6,399 10,132 17,775 
1The northern long-eared bat/MW take value used to calculate the annual estimated take is 
0.014174501. Take estimates are rounded to the nearest whole bat. 

4.4.2 Indirect Impacts 

This section provides a description of the forms of indirect impacts on northern long-eared bat 
that are reasonably certain to result from the Covered Activities, such as habitat loss and 
degradation and vegetation control. 

4.4.2.1 Construction and Decommissioning 

Removal of forest habitat associated with facility construction and decommissioning could 
indirectly impact northern long-eared bats if it caused them to exert additional energy to locate 
suitable foraging areas or travel corridors in the summer or during spring and fall migration. 
However, indirect impacts on northern long-eared bats from wooded habitat removal associated 
with facility development are expected to be minimal for maternity colonies and migrating 
individuals because a very small portion of the forested habitat available in the Plan Area will be 
removed for facility development.  

There are a total of 37,811,131 hectares (93,433,339 acres) of forested habitat within the Plan 
Area range of northern long-eared bat. Assuming the higher projected percent of habitat removal 
associated with facility development (i.e., 5 percent; see Section 4.2.2.1), and assuming the 
maximum build-out (i.e., the 95th percentile), a total of 8,657 hectares (21,391 acres) of the forest 
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habitat is expected to be removed within the range of the northern long-eared bat (see Table 4-2). 
This amount of forested habitat removal represents 0.02 percent of the total forest available in 
the northern long-eared bat’s Plan Area range.  

As described for Indiana bat in Section 4.3.2.1, tree removal may have indirect impacts on 
northern long-eared bat maternity colonies where habitat is a limiting factor. As described in 
Section 9.4.4.3.1, however, individual ITPs or COIs will not be issued or granted, respectively, if 
a new wind energy facility could result in the loss of a maternity colony. 

Given the small proportion of the total forested habitat that will be removed under the MWE, it is 
expected that forested habitat removal will not significantly decrease the availability of habitat 
important for foraging and traveling activities during the summer reproductive or migratory 
periods. Therefore, northern long-eared bats are not expected to require substantial amounts of 
energy locating alternate forest habitat, and the potential for the relatively small amount of forest 
that could be removed will result in lost reproductive fitness is considered to be minimal. For 
these reasons, the indirect impacts of forest removal activities on northern long-eared bat are 
expected to be negligible and therefore not rise to the level of take.  

4.4.2.2 Operations and Maintenance 

As described in Section 4.3.2.2 for Indiana bat, due to the minimal amount of vegetation control 
that will occur and the fact that it will be limited in space and time, the direct impacts of 
vegetation control activities on northern long-eared bat are expected to be negligible and 
therefore not rise to the level of take. 

4.4.3 Overall Take Estimate 

As described in Sections 4.4.1 and 4.4.2, implementation of the Covered Activities could result 
in take of northern long-eared bat associated with wind turbine operations and in indirect impacts 
associated with construction activities that result in the removal of occupied northern long-eared 
bat habitat.  

The estimated take of northern long-eared bats associated with the full build-out of 33,000 MWs 
is 17,775 individuals over the term of the MWE (see Table 4-17). The estimated take associated 
with the baseline generation of 18,004 MWs is 11,484 northern long-eared bats over the term of 
the MWE (see Table 4-17). The Plan Area-wide level of take that may be requested for existing 
wind energy facilities (i.e., wind energy facilities that are operating prior to 2016), however, is 
not limited under the MWE because implementation of the AMMs by participating existing wind 
energy facilities is expected to be beneficial to the northern long-eared bat. The total estimated 
northern long-eared bat take from full build-out and baseline within each state is presented in 
Table 4-19. 
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Table 4-19. State Distribution of Estimated Northern Long-Eared Bat at Fatalities 
for Baseline and Build-Out of Wind Energy Facilities from 2016 to 2060 

State 

Mean Northern Long-
Eared Bat Fatality from 

Baseline 

Mean Estimated 
Northern Long-Eared 

Bat Fatality from Build-
Out 

Mean Estimated 
Northern Long-Eared 

Bat Fatality from 
Baseline + Build-Out 

IA 3,812 3,829 7,640 
IL 2,443 5,260 7,703 
IN 1,119 1,323 2,443 
MI 996 2,205 3,201 
MN 2,053 3,150 5,203 
MO 293 392 684 
OH 354 1,093 1,447 
WI 414 523 937 

Totals 11,484 17,775 29,259 

To the degree that existing wind energy facilities that are not operating under a USFWS 
Technical Assistance Letter (which requires the facility to operate turbines at cut-in speeds that 
avoid take of northern long-eared bat) receive a take authorization, baseline take of northern 
long-eared bat will be reduced with implementation of AMM NLEB1 (see Section 5.3.2), which 
prescribes wind turbine cut-in speed restrictions during the periods that northern long-eared bats 
are at high risk for collisions with turbine blades. As described in Section 5.1.3.2 and presented 
in Table 5-1, the potential for reduction in take of northern long-eared bats associated with 
implementing AMM INBA1 may be substantial. 

Indirect impacts on northern long-eared bat could result from the removal of up to 8,657 hectares 
(21,391 acres; see Table 4-2) of occupied northern long-eared bat habitat that could be associated 
with the construction of new wind energy facilities or expansion of existing wind energy 
facilities. 

4.4.4 Effects on Designated Critical Habitat 

Critical habitat has not been designated for Northern Long-eared Bat; therefore, no impacts on 
critical habitat will result from the Covered Activities. 

4.4.5 Impact of Take 

Take associated with implementation of the Covered Activities impacts northern long-eared bat 
by reducing its reproductive capacity as a result of removing females from the Plan Area 
population. The general distribution of northern long-eared bat within the Plan Area is unlikely 
to be impacted because, as described in Section 9.4.4.3.1, take authorizations will not be issued 
to facilities with take that could result in the loss of a known northern long-eared bat colony or 
the loss of a hibernaculum. Unknown maternity colonies, however, could be impacted if multiple 
individuals from a single colony are taken as a result of collisions with wind turbine blades 
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during migration. The number of known maternity colonies, however, is expected to increase 
over the 15-year enrollment period of the MWE as a result of new survey techniques, modeling 
efforts, and research information. Consequently, the potential for losses of unknown colonies is 
expected to be reduced over time. As described in Section 4.4.2.1, the impact of indirect impacts 
associated with the removal of occupied habitat is expected to be minimal. 

To understand the biological impact of the take on northern long-eared bat from Covered 
Activities, it is necessary to estimate what proportion of the take is likely to be attributed to 
reproductive females. Few empirical data are available on the sex ratios of Myotis bats found in 
mortality monitoring studies, or for all bat species generally. Few studies report age and sex 
composition of bat carcasses found at wind facilities because many carcasses cannot be 
identified due to decomposition and scavenging by insects. 

The sex of bat carcasses found was reported in 50 publicly available mortality monitoring studies 
in the eastern and midwestern U.S. and Canada.18 Among 5,860 carcasses of all bat species, 22 
percent, 41 percent, and 37 percent were identified as females, males, and unknown sex, 
respectively. For Myotis species specifically, among 460 Myotis carcasses, 18 percent, 40 
percent, and 42 percent were identified as females, males, and unknown sex, respectively (see 
Table 4-20). The majority of carcasses identified were little brown bats (97 percent). Only two 
northern long-eared bats were identified among the fatalities, one male and one female. Since 
there were such a large percentage of bats that could not be identified to either sex (42 percent), 
it is unclear whether or not males made up the majority of fatalities. If unidentified bats were 
divided equally among the two sexes, the ratio of females to males would have been roughly 
equal, but skewed towards males (39 percent females and 61 percent males). 

Table 4-20. Sex Composition of Myotis Fatalities from 50 Publicly Available 
Mortality Monitoring Studies Conducted in the Eastern and Midwestern United 

States and Canada 

Species Female Male 
Unknown 

Sex Total 
Indiana Bat 2 0 0 2 
Little Brown Bat 80 182 184 446 
Northern Long-Eared Bat 1 1 0 2 
Unidentified Myotis 0 0 10 10 
Grand Total 83 183 194 460 
Percent of Total 18% 40% 42% 100% 

                                                 
18 Barton I and II, Blue Sky Greenfield, Buffalo Mountain 2000-2003, Buffalo Mountain 2005, Buffalo Ridge (2000), Buffalo 
Ridge (Phase II; 2001/Lake Benton I), Buffalo Ridge (Phase III; 2001/Lake Benton II), Buffalo Ridge I (2010), Buffalo Ridge II 
(2011), Casselman (2008), Casselman (2009), Cohocton/Dutch Hill (2009), Cohocton/Dutch Hills (2010), Criterion (2011), 
Crystal Lake II, Elm Creek, Elm Creek II, Fowler I, II, III (2010), Fowler I, II, III (2011), Grand Ridge I, Lakefield Wind, 
Lempster 2009, Lempster 2010, Locust Ridge II (2009), Locust Ridge II (2010), Mars Hill 2008, Moraine II, Mount Storm 2009, 
Mount Storm 2010, Mount Storm 2011, Mount Storm Fall 2008, Munnsville 2008, Noble Bliss 2009, Noble Clinton 2009, Noble 
Ellenburg 2009, NPPD Ainsworth, Pioneer Prairie I (Phase II), Prairie Winds ND1 (Minot), Prairie Winds ND1 (Minot) 2011, 
Prairie Winds SD1 (Crow Lake), Prince Wind Farm (2006), Rugby, Sheldon (2010), Sheldon (2011), Stetson Mountain I (2011), 
Stetson Mountain II (2010), Wessington Springs (2009), Wessington Springs (2010), Winnebago, Wolfe Island Report 2 (July-
December 2009). 
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These results are similar to those reported in Pennsylvania for 16 wind energy facilities 
monitored from 2007 to 2001, where 2,820 bat carcasses were collected, of which 23 percent 
were cave-dwelling species including Myotis (Taucher et al. 2012). For bats of all species (sex 
was not reported by species or species group), male bats were found more often than female bats 
(59 percent male: 29 percent female; 12 percent were of unknown sex). Similarly, Arnett et al. 
(2008) reviewed data from 21 fatality studies conducted from 1996 to 2006 at 19 facilities in five 
U.S. regions and one Canadian province and found fatalities were skewed toward males for the 
four most commonly killed species (hoary bats, eastern red bats, silver-haired bats, and tri-
colored bat). However, the authors did not report on sex ratios of Myotis bats specifically, or 
cave dwelling bats as a group. 

For Myotis bats that occurred commonly on the landscape prior to WNS, such as little brown 
bats and northern long-eared bats, it may have been equally likely for facilities to be built near 
maternity colonies, where fatalities of adult females are likely to be more common, as for 
facilities to be built near hibernacula, where a 50:50 sex ratio would be expected, or near areas 
where solitary males occur. Considering this, as well as the data presented above, it was assumed 
that fatalities had a 50:50 ratio of females to males. This approach is considered conservative, in 
that it potentially overestimates the percentage of females likely to be taken, based on best 
available information. 

For the purpose of evaluating the impact of take associated with the build-out of 33,000 MW on 
the northern long-eared bat, 50 percent of the estimated fatality during all seasons will be 
attributed to adult females, resulting in 16 female northern long-eared bats estimated to be taken 
in Year 1 of MWE implementation. As presented in Table 4-21, this female take increases with 
increasing MW capacity over the first 15 years of MWE implementation, with a maximum of 
234 female bats in any given year. Total female take is expected to be 8,887 female northern 
long-eared bats over the 45-year term of the MWE.  

Table 4-21. Maximum Estimated Female Northern Long-eared Bat Fatalities 
Annually from Build-Out of Wind Energy Facilities from 2016 to 2060 

Plan Year 

Maximum Estimated Female Northern Long-
eared Bat Fatalities from Build-Out 

Spring Summer Fall Annual 
1 1 6 9 16 
2 2 11 18 31 
3 3 17 27 47 
4 4 22 36 62 
5 5 28 44 78 
6 7 34 53 94 
7 8 39 62 109 
8 9 45 71 125 
9 10 51 80 140 
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Plan Year 

Maximum Estimated Female Northern Long-
eared Bat Fatalities from Build-Out 

Spring Summer Fall Annual 
10 11 56 89 156 
11 12 62 98 172 
12 13 67 107 187 
13 14 73 116 203 
14 15 79 124 218 
15 16 84 133 234 
16 16 84 133 234 
17 16 84 133 234 
18 16 84 133 234 
19 16 84 133 234 
20 16 84 133 234 
21 16 84 133 234 
22 16 84 133 234 
23 16 84 133 234 
24 16 84 133 234 
25 16 84 133 234 
26 16 84 133 234 
27 16 84 133 234 
28 16 84 133 234 
29 16 84 133 234 
30 16 84 133 234 
31 16 84 133 234 
32 16 84 133 234 
33 16 84 133 234 
34 16 84 133 234 
35 16 84 133 234 
36 16 84 133 234 
37 16 84 133 234 
38 16 84 133 234 
39 16 84 133 234 
40 16 84 133 234 
41 16 84 133 234 
42 16 84 133 234 
43 16 84 133 234 
44 16 84 133 234 
45 16 84 133 234 

Totals 622 3,199 5,066 8,887 
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The northern long-eared bat REA model (see Appendix C) was used to estimate the impact of 
lost females plus their future lost reproductive potential. The REA model uses the following 
input assumptions:  

• Adult Female Breeding Rate = 0.562 

• Juvenile Female Breeding Rate = 0.130 

• Pup Survival to juvenile = 0.585 

• Juvenile Annual Survival = 0.674 

• Adult Annual Survival = 0.857  

The model assumes that the lifespan of a northern long-eared bat is 7 years and the lost 
reproduction time for adult females is 5 years, (i.e., for each adult female killed, the debit 
includes 5 [4.78 years] year of reproduction), due to an underlying assumption that adult females 
are taken after their second reproductive season. The potential offspring of each female’s pups 
(i.e., second generation pups) are also assumed to be lost. The reproductive life of each female’s 
offspring is assumed to be the full breeding life span (i.e., 7 years).  

The model only allows for one input number for the estimated annual female take, so the average 
annual female take was used (197 female northern long-eared bats), even though this will be 
variable over time. Based on the average annual take of female northern long-eared bats per year 
(197 female northern long-eared bats) over the 45-year duration of the MWE and a declining rate 
of population growth attributable to the effects of WNS, the total impact of the take is estimated 
to be 22,971 northern long-eared bats (take of 8,865 adult female northern long-eared bats + lost 
reproduction of 14,106 female pups), or 510 northern long-eared bats per year, on average.  

4.5 LITTLE BROWN BAT 

This section provides results of the analysis from impacts on Covered Activities relating to the 
little brown bat. This section describes direct and indirect impacts, overall predicted level of 
take, and the biological effects of the take on the species. 

4.5.1 Direct Impacts 

This section describes the mechanisms that could result in take of little brown bat that are 
reasonably certain to result from implementation of the Covered Activities described in Chapter 
2. 
 
4.5.1.1 Construction and Decommissioning 

The risk and mechanisms for construction and decommissioning activities impacting northern 
long-eared bats are the same as described in Section 4.3.1.1 for the Indiana bat. Consequently, 
any negative physiological effects that could result from disturbance associated with construction 
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or decommissioning, such as increased energy expenditure resulting in lost reproductive fitness, 
are not expected to rise to the level of take.  

Collision with Vehicles 

The risk and mechanisms for little brown bats to collide with vehicles is the same as described in 
Section 4.3.1 for the Indiana bat. Consequently, the risk for vehicle collisions with little brown 
bats is expected to be very low, such that no take of little brown bat is expected as a result of 
vehicle operations. 

Wooded Habitat Removal 

In areas where little brown bats occur, AMM GEN5 restricts the timing of tree clearing to time 
periods when little brown bats are not present (see Section 5.1.3.1.1). Therefore, wooded habitat 
removal associated with construction and decommissioning activities is not expected to rise to 
the level of take. 

4.5.1.2 Operations and Maintenance 

4.5.1.2.1 Sound from Operating Turbines 

The risk of and mechanisms for sound from operating turbines impacting little brown bat are the 
same as described in Section 4.3.1.2.1 for the Indiana bat. Turbine-generated sound will also be 
reduced under AMM LBBA1 (Section 5.4.2) at times when little brown bats are most active by 
feathering turbine blades below a raised cut-in speed at night in locations and at times when little 
brown bats are most at risk. Therefore, the direct impacts from the sound at operating turbines on 
little brown bats are expected to be negligible and thus not rise to the level of take. 

4.5.1.2.2 Lighting 

The risk of and mechanisms for sound from operating turbines impacting little brown bats are the 
same as described in Section 4.3.1.2.2 for the Indiana bat. Consequently, direct impacts from 
operational lighting on Indiana bats are expected to be negligible and therefore not rise to the 
level of take. 

4.5.1.2.3 Vegetation Control 

The risk of and mechanisms for vegetation control activities impacting little brown bats are the 
same as described in Section 4.3.1.2.3 for the Indiana bat. Consequently, the effects of ongoing 
vegetative controls associated with facility operations and maintenance are expected to be 
insignificant, and not likely to result in take of little brown bats.  

4.5.1.2.4 Collision with Vehicles 

The risk and mechanisms for little brown bats to collide with vehicles are the same as described 
in Sections 4.3.1.1 and 4.3.1.2.4 for the Indiana bat. Consequently, the risk for vehicle collisions 
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with little brown bats is expected to be very low, such that no take of northern long-eared bat is 
expected as a result of vehicle operations.  

4.5.1.2.5 Collision with Operating Turbines 

Impacts to bats from the operation of wind energy facilities are well documented, as described in 
Chapter 3. To estimate fatalities of little brown bats as a result of baseline and future facility 
operations in the Plan Area, the species composition approach to fatality estimation was used 
(see Section 4.2.2.2.2). The input data described in Section 4.2.2.2 and in Table 4-3, including all 
17 studies in the Plan Area that meteorological the selection criteria and were conducted in the 
range of the little brown bat, were used to develop the mean bat fatality rate of 17.59 
bats/MW/year (Table 4-6).  

The baseline and build-out MWs estimated by state within the range of the little brown bat are 
presented in Table 4-16. There are a total of 18,004 MW of wind energy capacity under baseline 
conditions, comprised of 17,129 MW associated with existing wind energy facilities and 875 
MW that are expected to come on line within the range of northern long-eared bat from April 
through December 2015 (see Section 4.2.1.1). 

The build-out model was used to estimate the mean build-out expected to occur during the first 
15 years of MWE implementation (i.e., the period from 2016 to 2030 during which proposed 
wind energy facilities may receive a take authorization as described in Section 1.5), which 
resulted in an estimated 33,000 MW of additional wind energy capacity in the range of the little 
brown bat (Table 4-16). The mean estimated build-out was applied evenly over the build-out 
term, which resulted in an estimated 2,200 MW added to the baseline MWs on an annual basis 
for the first 15 years. It was assumed that the 18,004 MW of baseline and the 33,000 MW of 
build-out would be in operation each year for the remaining 30 years of MWE implementation 
(from 2031 to 2060). 
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Fatality Estimation 

As described in Section 4.2.2.2.1, the species composition approach was used to estimate take of 
all covered bat species. Using this approach, the first step in calculating the estimated take of 
little brown bats was to determine the total number of little brown bats carcasses among all bat 
carcasses found among mortality monitoring studies conducted within their Plan Area range (339 
out of 8,934, or 3.81 percent; see Table 4-7). Based on the estimated percentage of little brown 
bats among the total estimated bat fatalities per year, the mean estimated little brown bat 
fatalities/MW/year was 0.67.  

An initial little brown bat take estimate was calculated without application of the AMM 
LBBA1cut-in speed restrictions (see Section 5.4.2) and without take reductions to account for 
the effects of WNS (see Section 4.2.2.2.2). To calculate the initial take estimate, the 0.016 
fatality rate was applied to the build-out and baseline MW within the Plan Area range of the little 
brown bat to determine the annual estimated number of northern long-eared bat fatalities. The 
initial take estimate resulting from the projected build-out of 33,000 MW (Table 4-11) is 753,208 
individuals over the term of the MWE. The initial take estimate resulting from the baseline 
generation of 18,004 MW (Table 4-11) is 540,700 individuals over the term of the MWE. 
Following application of the 10 percent reduction in the initial take estimates to account for the 
effects of WNS as described in the Section 4.2.2.2.2, the estimated take of little brown bat over 
the term of MWE is 17,775 individuals for the build-out of 33,000 MW of new generation 
capacity and 486,630 individuals for existing wind energy facilities (i.e., baseline; see Table 4-
22). The WNS adjusted fatalities/MW/year is 0.60 little brown bat.
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Table 4-22. Estimated Number of Little Brown Bat Fatalities adjusted for the Effects of WNS and without 1 
Implementation of AMM LBBA1 from Baseline and Build-Out Operations of Wind Energy Facilities 2 

from 2016 to 2060 3 

Plan 
Year 

Calendar 
Year 

Operating 
Status 

Baseline 
MW 

Build-
Out 
MW 

Mean Estimated 
Annual Little Brown 

Bat Fatality from 
Baseline1 

Mean Estimated Annual 
Little Brown Bat Fatality 

from Build-Out1 

Mean Estimated Annual Little 
Brown Bat Fatality from 
Baseline + Build-Out1 

1 2016 Build 18,004 2,200 10,814 1,321 12,135 

2 2017 Build 18,004 4,400 10,814 2,643 13,457 

3 2018 Build 18,004 6,600 10,814 3,964 14,778 
4 2019 Build 18,004 8,800 10,814 5,286 16,100 

5 2020 Build 18,004 11,000 10,814 6,607 17,421 

6 2021 Build 18,004 13,200 10,814 7,929 18,743 
7 2022 Build 18,004 15,400 10,814 9,250 20,064 

8 2023 Build 18,004 17,600 10,814 10,571 21,385 

9 2024 Build 18,004 19,800 10,814 11,893 22,707 
10 2025 Build 18,004 22,000 10,814 13,214 24,028 

11 2026 Build 18,004 24,200 10,814 14,536 25,350 

12 2027 Build 18,004 26,400 10,814 15,857 26,671 
13 2028 Build 18,004 28,600 10,814 17,178 27,992 

14 2029 Build 18,004 30,800 10,814 18,500 29,314 
15 2030 Build 18,004 33,000 10,814 19,821 30,635 

16 2031 Operate 18,004 33,000 10,814 19,821 30,635 

17 2032 Operate 18,004 33,000 10,814 19,821 30,635 
18 2033 Operate 18,004 33,000 10,814 19,821 30,635 

19 2034 Operate 18,004 33,000 10,814 19,821 30,635 

20 2035 Operate 18,004 33,000 10,814 19,821 30,635 
21 2036 Operate 18,004 33,000 10,814 19,821 30,635 

22 2037 Operate 18,004 33,000 10,814 19,821 30,635 

23 2038 Operate 18,004 33,000 10,814 19,821 30,635 
24 2039 Operate 18,004 33,000 10,814 19,821 30,635 

25 2040 Operate 18,004 33,000 10,814 19,821 30,635 

26 2041 Operate 18,004 33,000 10,814 19,821 30,635 
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Plan 
Year 

Calendar 
Year 

Operating 
Status 

Baseline 
MW 

Build-
Out 
MW 

Mean Estimated 
Annual Little Brown 

Bat Fatality from 
Baseline1 

Mean Estimated Annual 
Little Brown Bat Fatality 

from Build-Out1 

Mean Estimated Annual Little 
Brown Bat Fatality from 
Baseline + Build-Out1 

27 2042 Operate 18,004 33,000 10,814 19,821 30,635 

28 2043 Operate 18,004 33,000 10,814 19,821 30,635 

29 2044 Operate 18,004 33,000 10,814 19,821 30,635 
30 2045 Operate 18,004 33,000 10,814 19,821 30,635 

31 2046 Operate 18,004 33,000 10,814 19,821 30,635 

32 2047 Operate 18,004 33,000 10,814 19,821 30,635 
33 2048 Operate 18,004 33,000 10,814 19,821 30,635 

34 2049 Operate 18,004 33,000 10,814 19,821 30,635 

35 2050 Operate 18,004 33,000 10,814 19,821 30,635 
36 2051 Operate 18,004 33,000 10,814 19,821 30,635 

37 2052 Operate 18,004 33,000 10,814 19,821 30,635 

38 2053 Operate 18,004 33,000 10,814 19,821 30,635 
39 2054 Operate 18,004 33,000 10,814 19,821 30,635 

40 2055 Operate 18,004 33,000 10,814 19,821 30,635 

41 2056 Operate 18,004 33,000 10,814 19,821 30,635 
42 2057 Operate 18,004 33,000 10,814 19,821 30,635 

43 2058 Operate 18,004 33,000 10,814 19,821 30,635 
44 2059 Operate 18,004 33,000 10,814 19,821 30,635 

45 2060 Operate 18,004 33,000 10,814 19,821 30,635 
Totals   

  486,630 753,208 1,239,838 
1The little brown bat/MW take value used to calculate the annual estimated take is 0.60064449. Take estimates are rounded to the nearest whole bat. 

 1 
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Seasonal Distribution of Fatalities 

The seasonal distribution of fatalities was estimated for use in determining the proportion of the 
take attributed to female little brown bats, which is necessary for determining the impact of the 
take on the population (see Section 4.5.4). The expected take of little brown bats by season for 
the 33,000 MW of projected build-out was calculated using the studies and methods described in 
Section 4.3.1.2.5 for Indiana bat. The estimated seasonal morality of little brown bats is 
presented in Table 4-23.  

Table 4-23. Seasonal Distribution of Estimated Little Brown Bat Fatalities with the 
Projected Build-Out of 33,000 MW from 2016 to 2060 

Plan Year 
Calendar 

Year 

Build-
Out 
MW 

Seasonal and Annual Mean Estimated Little 
Brown Bat Fatality from Build-Out1 

Spring Summer Fall Annual 
1 2016 2,200 92 476 753 1,321 

2 2017 4,400 185 951 1,506 2,643 

3 2018 6,600 277 1,427 2,260 3,964 

4 2019 8,800 370 1,903 3,013 5,286 

5 2020 11,000 462 2,379 3,766 6,607 

6 2021 13,200 555 2,854 4,519 7,929 

7 2022 15,400 647 3,330 5,272 9,250 

8 2023 17,600 740 3,806 6,026 10,571 

9 2024 19,800 832 4,281 6,779 11,893 

10 2025 22,000 925 4,757 7,532 13,214 

11 2026 24,200 1,017 5,233 8,285 14,536 

12 2027 26,400 1,110 5,709 9,038 15,857 

13 2028 28,600 1,202 6,184 9,792 17,178 

14 2029 30,800 1,295 6,660 10,545 18,500 

15 2030 33,000 1,387 7,136 11,298 19,821 

16 2031 33,000 1,387 7,136 11,298 19,821 

17 2032 33,000 1,387 7,136 11,298 19,821 

18 2033 33,000 1,387 7,136 11,298 19,821 

19 2034 33,000 1,387 7,136 11,298 19,821 

20 2035 33,000 1,387 7,136 11,298 19,821 

21 2036 33,000 1,387 7,136 11,298 19,821 

22 2037 33,000 1,387 7,136 11,298 19,821 

23 2038 33,000 1,387 7,136 11,298 19,821 

24 2039 33,000 1,387 7,136 11,298 19,821 

25 2040 33,000 1,387 7,136 11,298 19,821 

26 2041 33,000 1,387 7,136 11,298 19,821 

27 2042 33,000 1,387 7,136 11,298 19,821 

28 2043 33,000 1,387 7,136 11,298 19,821 
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Plan Year 
Calendar 

Year 

Build-
Out 
MW 

Seasonal and Annual Mean Estimated Little 
Brown Bat Fatality from Build-Out1 

Spring Summer Fall Annual 
29 2044 33,000 1,387 7,136 11,298 19,821 

30 2045 33,000 1,387 7,136 11,298 19,821 

31 2046 33,000 1,387 7,136 11,298 19,821 

32 2047 33,000 1,387 7,136 11,298 19,821 

33 2048 33,000 1,387 7,136 11,298 19,821 

34 2049 33,000 1,387 7,136 11,298 19,821 

35 2050 33,000 1,387 7,136 11,298 19,821 

36 2051 33,000 1,387 7,136 11,298 19,821 

37 2052 33,000 1,387 7,136 11,298 19,821 

38 2053 33,000 1,387 7,136 11,298 19,821 

39 2054 33,000 1,387 7,136 11,298 19,821 

40 2055 33,000 1,387 7,136 11,298 19,821 

41 2056 33,000 1,387 7,136 11,298 19,821 

42 2057 33,000 1,387 7,136 11,298 19,821 

43 2058 33,000 1,387 7,136 11,298 19,821 

44 2059 33,000 1,387 7,136 11,298 19,821 

45 2060 33,000 1,387 7,136 11,298 19,821 

Totals     52,725 271,155 429,329 753,208 
1The little brown bat/MW take value used to calculate the annual estimated take is 0.60064449. 
Take estimates are rounded to the nearest whole bat. 

4.5.2 Indirect Impacts 

This section provides a description of the forms of indirect impacts on little brown bat that are 
reasonably certain to result from the Covered Activities, such as habitat loss and degradation and 
vegetation control. 

4.5.2.1 Construction and Decommissioning 

Removal of forest habitat associated with facility construction and decommissioning could 
indirectly negatively affect little brown bats if it caused them to exert additional energy to locate 
suitable foraging areas or travel corridors in the summer or during spring and fall migration. 
However, indirect impacts on little brown bats from wooded habitat removal associated with 
facility development are expected to be minimal for both maternity colonies and migrating 
individuals because a very small portion of the forested habitat available in the Plan Area will be 
removed for facility development.  

There are a total of 37,811,131 hectares (93,433,339 acres) of forested habitat within the Plan 
Area range of little brown bat. Assuming the higher projected percent of habitat removal 
associated with facility development (i.e., 5 percent; see Section 4.2.2.1), and assuming the 



Take Assessment and Impact of Take Chapter 4 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 4-66 

maximum build-out (i.e., the 95th percentile), a total of 8,657 hectares (21,391 acres) of the forest 
habitat is expected to be removed within the range of the little brown bat (Table 4-2). This 
amount of forested habitat removal represents 0.02 percent of the total forest available in the 
little brown bat’s Plan Area range. Little brown bat forages over agricultural lands, however, the 
removal of a relatively small amount of agricultural lands that is widely distributed across the 
Plan Area in relatively small patches with the construction of various components of new wind 
energy facilities (e.g., wind turbine pads, substations) is not expected to discernably impact the 
foraging success of little brown bats. 

As described for Indiana bat in Section 4.3.2.1, tree removal may have indirect impacts on little 
brown bat maternity colonies where habitat is a limiting factor. As described in Section 9.4.4.3.1, 
however, individual ITPs or COIs will not be issued or granted, respectively, if a new wind 
energy facility could result in the loss of a maternity colony. 

Given the small proportion of the total forested habitat that will be removed under the MWE, it is 
expected that forested habitat removal will not significantly decrease the availability of habitat 
important for foraging and traveling activities during the summer reproductive or migratory 
periods. Therefore, little brown bats are not expected to have to require amounts of energy 
locating alternate forest habitat, and the potential for the relatively small amount of forest that 
could be removed will result in lost reproductive fitness is considered to be minimal. For these 
reasons, the indirect impacts of forest removal activities on little brown bat are expected to be 
negligible and therefore not rise to the level of take.  

4.5.2.2 Operations and Maintenance 

As described in Section 4.3.2.2 for Indiana bat, due to the minimal amount of vegetation control 
that will occur and the fact that it will be limited in space and time, the direct impacts of 
vegetation control activities on little brown bat are expected to be negligible and therefore not 
rise to the level of take. 

4.5.3 Overall Take Estimate 

As described in Sections 4.5.1 and 4.5.2, implementation of the Covered Activities could result 
in take of little brown bat associated with wind turbine operations and in indirect impacts 
associated with construction activities that result in the removal of occupied little brown bat 
habitat.  

The estimated take of little brown bats associated with the full build-out of 33,000 MWs is 
753,208 individuals over the term of the MWE (see Table 4-22). The estimated take associated 
with the baseline generation of 18,004 MWs is 486,630 little brown bats over the term of the 
MWE (see Table 4-22). The Plan Area-wide level of take that may be requested for existing 
wind energy facilities (i.e., wind energy facilities that are operating prior to 2016), however, is 
not limited under the MWE because implementation of the AMMs by participating existing wind 
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energy facilities is expected to be beneficial to the little brown bat. The total estimated little 
brown bat take from full build-out and baseline within each state is presented in Table 4-24.  

Table 4-24. State Distribution of Estimated Little Brown Bat at Fatalities for 
Baseline and Build-Out of Wind Energy Facilities from 2016 to 2060 

State 

Mean Little Brown 
Bat Fatality from 

Baseline 

Mean Estimated Little 
Brown Bat Fatality from 

Build-Out 

Mean Estimated Little 
Brown Bat Fatality from 

Baseline + Build-Out 
IA 161,525 162,236 323,762 
IL 103,521 222,881 326,402 
IN 47,436 56,080 103,516 
MI 42,192 93,443 135,636 
MN 87,006 133,478 220,484 
MO 12,406 16,593 29,000 
OH 15,001 46,334 61,335 
WI 17,542 22,163 39,704 

Totals 486,630 753,208 1,239,838 

To the degree that existing wind energy facilities that are not operating under a USFWS 
Technical Assistance Letter (which requires the facility to operate turbines at cut-in speeds that 
avoid take of little brown bat) receive a take authorization, baseline take of little brown bat will 
be reduced with implementation of AMM LBBA1 (see Section 5.4.2), which prescribes wind 
turbine cut-in speed restrictions during the periods that little brown bats are at high risk for 
collisions with turbine blades. As described in Section 5.1.3.2 and presented in Table 5-1, the 
potential for reduction in take of little brown bats associated with implementing AMM little 
brown bats may be substantial. 

Indirect impacts on little brown bat could result from the removal of up to 8,657 hectares (21,391 
acres; see Table 4-2) of occupied little brown bat habitat that could be associated with the 
construction of new wind energy facilities or expansion of existing wind energy facilities. 

4.5.4 Effects on Designated Critical Habitat 

The little brown bat is not federally listed under the ESA; therefore it does not have designated 
critical habitat. 

4.5.5 Impact of Take 

Take associated with implementation of the Covered Activities impacts little brown bat by 
reducing its reproductive capacity as a result of removing females from the Plan Area 
population. The general distribution of little brown bat within the Plan Area is unlikely to be 
impacted because, as described in Section 9.4.4.3.1, take authorizations will not be issued to 
facilities with take that could result in the loss of a known little brown bat colony or the loss of a 
hibernaculum. Unknown maternity colonies, however, could be impacted if multiple individuals 
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from a single colony are taken as a result of collisions with wind turbine blades during migration. 
The number of known maternity colonies, however, is expected to increase over the 15-year 
enrollment period of the MWE as a result of new survey techniques, modeling efforts, and 
research information. Consequently, the potential for losses of unknown colonies is expected to 
be reduced over time. As described in Section 4.5.2.1, the indirect impacts associated with the 
removal of occupied habitat is expected to be minimal. 

To understand the biological impact of the take on little brown bat from Covered Activities, it is 
necessary to estimate what proportion of the take is likely to be attributed to reproductive 
females. To estimate the impact of take on little brown bat it was assumed that 50 percent of the 
estimated fatality during all seasons are adult females. The information and analysis for this 
assumption is the same as that described for northern long-eared bat in Section 4.4.5. Based on 
this assumption, 601 female little brown bats are estimated to be taken in Year 1 of MWE 
implementation. As presented in Table 4-25 this female take increases with increasing MW 
capacity over the first 15 years of MWE implementation, with a maximum of 9,911 female bats 
in any given year. Total female take is expected to be 376,604 female little brown bats over the 
45-year term of the MWE.  

Table 4-25. Maximum Estimated Female Little Brown Bat Fatalities Annually 
from Build-Out of Wind Energy Facilities from 2016 to 2060 

Plan Year 

Maximum Estimated Female Little Brown Bat 
Fatalities from Build-Out 

Spring Summer Fall Annual 
1 46 238 377 661 
2 92 476 753 1,321 
3 139 714 1,130 1,982 
4 185 951 1,506 2,643 
5 231 1,189 1,883 3,304 
6 277 1,427 2,260 3,964 
7 324 1,665 2,636 4,625 
8 370 1,903 3,013 5,286 
9 416 2,141 3,389 5,946 
10 462 2,379 3,766 6,607 
11 509 2,616 4,143 7,268 
12 555 2,854 4,519 7,929 
13 601 3,092 4,896 8,589 
14 647 3,330 5,272 9,250 
15 694 3,568 5,649 9,911 
16 694 3,568 5,649 9,911 
17 694 3,568 5,649 9,911 
18 694 3,568 5,649 9,911 
19 694 3,568 5,649 9,911 
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Plan Year 

Maximum Estimated Female Little Brown Bat 
Fatalities from Build-Out 

Spring Summer Fall Annual 
20 694 3,568 5,649 9,911 
21 694 3,568 5,649 9,911 
22 694 3,568 5,649 9,911 
23 694 3,568 5,649 9,911 
24 694 3,568 5,649 9,911 
25 694 3,568 5,649 9,911 
26 694 3,568 5,649 9,911 
27 694 3,568 5,649 9,911 
28 694 3,568 5,649 9,911 
29 694 3,568 5,649 9,911 
30 694 3,568 5,649 9,911 
31 694 3,568 5,649 9,911 
32 694 3,568 5,649 9,911 
33 694 3,568 5,649 9,911 
34 694 3,568 5,649 9,911 
35 694 3,568 5,649 9,911 
36 694 3,568 5,649 9,911 
37 694 3,568 5,649 9,911 
38 694 3,568 5,649 9,911 
39 694 3,568 5,649 9,911 
40 694 3,568 5,649 9,911 
41 694 3,568 5,649 9,911 
42 694 3,568 5,649 9,911 
43 694 3,568 5,649 9,911 
44 694 3,568 5,649 9,911 
45 694 3,568 5,649 9,911 

Totals 26,362 135,577 214,664 376,604 

The little brown bat REA model (see Appendix C) was used to estimate the impact of lost 
females plus their future lost reproductive potential. The REA model uses the following input 
assumptions:  

• Adult Female Breeding Rate = 0.900 

• Juvenile Female Breeding Rate = 0.560 

• Pup Survival to juvenile = 0.550 

• Juvenile Annual Survival = 0.865 

• Adult Annual Survival = 0.865 
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The model assumes that the lifespan of a little brown bat is 7 years and the lost reproduction time 
for adult females is 5 years, (i.e., for each adult female killed, the debit includes 5 [4.78 years] 
year of reproduction), due to an underlying assumption that adult females are taken after their 
second reproductive season. The potential offspring of each female’s pups (i.e., second 
generation pups) are also assumed to be lost. The reproductive life of each female’s offspring is 
assumed to be the full breeding life span (i.e., 7 years).  

The model only allows for one input number for the estimated annual female take, so the average 
annual female take was used (8,369 female little brown bats), even though this will be variable 
over time. Based on the average annual take of female little brown bats per year (8,369 female 
little brown bats) over the 45-year duration of the MWE and a declining rate of population 
growth attributable to the effects of WNS, the total impact of the take is estimated to be 738,014 
little brown bats (take of 376,604 adult female little brown bats + lost reproduction of 361,410 
female pups), or 16,400 little brown bats per year, on average.  

4.6 KIRTLAND’S WARBLER 

This section provides the methods and results of the analysis of impacts of Covered Activities on 
Kirtland’s warbler including the direct and indirect impacts, level of take, and biological impacts 
of the take. 

4.6.1 Direct Impacts 

This section describes the mechanisms that could result in take of Kirtland’s warbler that are 
reasonably certain to result from implementation of the Covered Activities described in 
Chapter 2.  

4.6.1.1 Human Disturbance 

Studies are conflicting with regards to the impact of human disturbance on native birds. Since 
operating wind energy facilities raise background sound levels, traffic, and other human 
disturbance from operations and maintenance, there is a potential for permanent direct 
disturbance impacts on wildlife that reside within or near wind facilities. The magnitude of 
influence of these disturbances on wildlife may differ based on turbine design (i.e., size and 
operating specifications) and existing ambient sound levels, as well as the auditory perception of 
the species exposed to the increased sound and the extent to which their life history strategies 
depend on sound.  

Some studies have found evidence to suggest that increased ambient noise levels from some 
human activities can impede acoustical communication, reproductive success, predator-prey 
interactions, and time-energy allocation in some species of animals (Barber et al. 2010). 
Behavioral displacement (avoidance) may lead to decreased habitat suitability for local 
populations. Birds displaced by wind energy development may move to lower quality habitat 
with fewer disturbances, with an overall effect of reducing breeding success. Behavioral 
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avoidance may render much larger areas unsuitable or less suitable for some species of wildlife, 
depending on how far each species is displaced from wind energy facilities. Behavioral 
displacement may impact the survivorship and reproductive ability of birds in the wind energy 
facility vicinity. Some studies suggest displacement effects associated with wind energy may 
have a greater impact than collision mortality (Gill et al. 1996; Pearce-Higgins et al. 2012). Other 
studies of various bird types (including granivores, red-legged partridge [Alectoris rufa], 
Eurasian skylark [Alauda arvensis] and corvids) showed no displacement from wind turbines. In 
fact, Eurasian skylarks and corvids showed increased use of areas close to turbines, possibly due 
to increased food resources associated with disturbed areas (Devereux et al. 2008). Wind energy 
facility operations and maintenance activities appear to cause small-scale local displacement of 
some grassland passerines, which is likely due to the birds avoiding turbine noise and human 
activities. Construction may also reduce habitat effectiveness because of the presence of access 
roads and large gravel pads surrounding turbines (Leddy 1996; Johnson et al. 2000). Leddy et al. 
(1999) surveyed bird densities in Conservation Reserve Program grasslands at the Buffalo Ridge 
wind energy facility in Minnesota and found the mean densities of 10 grassland bird species 
were four times higher in areas located 180 m (591 ft) from turbines than they were in grasslands 
nearer turbines. Shaffer and Johnson (2009) examined displacement of five grassland bird 
species at two wind energy facilities in the northern Great Plains through intensive transect 
surveys within grid cells that contained turbines as well as reference areas. Based on this 
analysis, killdeer, western meadowlark, and chestnut-collared longspur (Calcarius ornatus) did 
not show any avoidance of wind turbines, while grasshopper sparrow (Ammodramus 
savannarum) and clay-colored sparrow (Spizella pallida) showed avoidance out to 200 m (656 
ft; Shaffer and Johnson 2009). Johnson et al. (2000) found reduced use of habitat within 100 m 
of turbines by seven of 22 grassland-breeding birds following construction of the Buffalo Ridge 
facility in Minnesota, and Osborn et al. (1998) reported that birds at Buffalo Ridge avoided 
flying in areas with turbines. At the Stateline wind energy facility in Oregon and Washington, 
grasshopper sparrow use of areas within 50 m (164 ft) of turbines was reduced by approximately 
60 percent, with no reduction in use more than 50 m from turbines (Erickson et al. 2005). At the 
Combine Hills facility in Oregon, western meadowlark use of areas within 150 m of turbines was 
reduced by about 86 percent, compared to a 12.6 percent reduction in use of reference areas over 
the same time period (Young et al. 2005). Horned larks (Eremophila alpestris), however, showed 
significant increases in use of areas near turbines at both of these facilities, possibly because the 
cleared turbine pads and access roads provided habitat preferred by this species. 

A study of the effects on breeding forest birds was conducted at the Searsburg Wind Energy 
Facility in Vermont (Kerlinger 2002). Habitat at the 11-turbine facility was 75 percent deciduous 
forest and 25 percent coniferous or mixed coniferous and deciduous forest. Based on avian point 
count data collected prior to and after construction, species richness decreased following 
construction, possibly due to construction disturbance and operational disturbance (sound) of the 
operating turbines after construction. The five most common species prior to construction were 
dark-eyed junco, Swainson’s thrush, white-throated sparrow, ovenbird, and red-eyed vireo. After 
construction, the most abundant species were yellow-rumped warbler, dark-eyed junco, white-
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throated sparrow, blackpoll warbler, and magnolia warbler. Three species increased in 
abundance following construction, including American robin, blue jay, and yellow-rumped 
warbler. American robins and blue jays are considered edge species and their increase was likely 
the result of clearing associated with the facility. Decreases in abundance occurred for some 
forest interior nesting birds such as Swainson’s thrush, ovenbird, black-throated blue warbler, 
Canada warbler, red-eyed vireo, and white-throated sparrow. These declines were likely the 
result of creation of openings in the forest. American crows and brown-headed cowbirds did not 
increase in abundance or frequency; these two species are implicated as one of several factors 
causing declines in forest interior nesting birds. Based on overall results of the study, Kerlinger 
(2002) concluded that disturbance, alteration, and clearing of the forest resulting from the 
construction of the wind energy facility appeared to have reduced overall species richness and 
the abundance of several forest nesting birds. 

Results of the Searsburg study are similar to those of other studies that examined the effect of 
other human activities in forests (e.g., timber harvesting, road creation). The results of a study 
that examined the distribution of birds along transects from clear-cut to interior forest did not 
indicate that the more commonly observed birds preferred interior habitat. In addition, two 
species, black-throated blue warbler (Dendroica caerulescens) and American redstarts 
(Setophaga ruticilla), were more commonly observed near clear-cut borders. To ensure enough 
data for the appropriate application of statistical analysis, birds with fewer than 10 territories 
were excluded; therefore, the habitat preferences of the rarer species were not examined (King et 
al. 1997). Ortega and Capen (1999) studied ovenbird (Seiurus aurocapillus) responses to forest 
roads and found that territory density within 50 m of a forest-road border was significantly lower 
than territory density at 250 to 300 m, and edge territories were significantly larger than interior 
territories (Ortega and Capen 1999). No significant difference was measured in reproductive 
success (Ortega and Capen 1999). A study that looked at the effects of small openings 
attributable to patch clear-cutting showed that the addition of edge habitat increased species 
diversity, but adversely affected forest-interior species (Germaine et al. 1997). 

Human disturbance effects on Kirtland’s warbler would be avoided or minimized by AMMs that 
require the siting of turbines outside of the Kirtland’s Warbler Management Area (KWMA) and, 
as practicable, to avoid siting turbines within ½ mile of KWMA lands or within ½ mile of other 
documented Kirtland’s warbler breeding sites (see AMM KIWA2 in Section 5.5.2). 
Implementation of KIWA3 (see Section 5.5.2) also prohibits construction activities in occupied 
habitat during the breeding season. Based on relevant research and implementation of these 
AMMs, it is expected that human disturbance associated with the facility operations and 
maintenance will be negligible and therefore not rise to the level of take. 

4.6.1.1.1 Collision with Vehicles 

As part of facility operation and maintenance activities, maintenance vehicles are expected to 
make daily trips to and from various turbines at individual facilities in the Plan Area. 
Transportation of wind turbine components needing repair or replacement may also require 
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trucks to travel in and out of the facility areas. However, because Kirtland’s warbler is highly 
mobile and the speed of vehicles on facility access roads will be relatively low (access roads are 
generally unpaved), it is anticipated that Kirtland’s warblers will readily avoid collisions with 
vehicular traffic associated with the facility operations and maintenance. For these reasons, the 
risk for vehicle collisions with Kirtland’s warblers is expected to be very low, such that no take 
of Kirtland’s warbler is expected. 

4.6.1.1.2 Lighting 

Lighting on communication towers has shown to be a possible source of increased risk of 
collision for migrating songbirds (Gehring and Walter 2012). However, the type and intensity of 
lighting can influence the risk. Sources of lighting at wind energy facilities typically include 
FAA lighting on some of the wind turbines and meteorological towers, as well as lighting in 
turbine nacelles, at the base of turbines above tower doors, at O&M buildings, and at substations.  

No difference in fatality rates has been found for turbines with FAA lighting versus those lacking 
lighting (Kerlinger et al. 2010). The authors analyzed the association between turbine lighting 
and multi-bird fatality events, defined as more than three birds killed in one night at one turbine. 
Of the four such events recorded from about 25,000 turbine searches, none were associated with 
flashing red lights (Kerlinger et al. 2010). Further, Gehring and Walter (2009) found that 
communication towers lit with only flashing lights had significantly fewer bird fatalities than 
towers lit with both flashing and steady lights. 

Relatively few large-scale fatality events have been recorded at wind energy facilities. As 
mentioned above, Kerlinger et al. (2010) found that multi-bird fatality events at wind energy 
facilities, defined as more than three birds found at a turbine at one time, were extremely rare. Of 
those multi-bird fatality events that have been documented, inappropriate substation and internal 
nacelle lighting during inclement weather were believed to have been involved. Three known 
singular events were reported in press releases, at Laurel Mountain, Mountaineer, and Mount 
Storm wind energy facilities (both in West Virginia), two of which are located on ridgeline 
topography in the eastern biome (Steelhammer 2011; Stantec 2011). Toward the end of a fatality 
study at the Criterion facility in Maryland, it was discovered that two turbines responsible for the 
most fatalities had internal lighting left on, projecting light from skylights at night for an 
unknown duration (Young et al. 2012a). After this lighting was turned off, bird mortality 
appeared to decrease at these two turbines. 

A single, medium intensity aviation warning light will be installed on some turbines at each 
facility per the specifications of the FAA. The minimum amount of obstruction avoidance 
lighting specified by the FAA will be used (FAA 2007), which will be approximately one 
flashing red strobe installed for every five turbines, with strobes illuminating synchronously. To 
minimize any potential effects from FAA lighting on Kirtland’s warblers, facilities will use the 
lowest intensity lighting allowed by FAA on nacelles and meteorological towers. To the extent 
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possible, reduced intensity lighting and lights with short flash durations that emit no light during 
the “off phase” will be used.  

In addition to FAA lights, for security and maintenance purposes, a limited number of lights are 
expected to be installed on substations, O&M facilities, and above turbine tower doors at each 
facility. To reduce potential attraction of birds at night, these lights will be minimized except 
where necessary for security, and minimum intensity lighting will be used to the maximum 
extent practicable. No steady burning lights will be left on at buildings; instead, motion detector 
lighting or infrared light sensors will be used. Lights will be shielded downward to minimize 
skyward illumination, and high intensity, steady burning, bright lights such as sodium vapor or 
spotlights will not be used. As a result of these minimization measures and the demonstrated lack 
of effect of FAA lighting on bird fatality rates at wind turbines, it is not anticipated that FAA or 
operations lighting will result in harm or mortality of Kirtland’s warbler. Thus, direct impacts 
from operational lighting on Kirtland’s warblers are expected to be negligible and therefore not 
rise to the level of take. 

4.6.1.1.3 Collision with Operating Turbines 

Impacts on birds from wind energy facilities are well documented (NRC 2007; Smallwood 
2013). Erickson et al. (2014) estimated the number of small bird fatalities in the U.S. from 116 
studies in each of the 5 biomes (see Table 4-26 and Figure 4-5). Small passerines are the most 
abundant bird taxon in the U.S. and Canada, which includes the Kirtland’s warbler, as well as the 
most common bird taxon found as fatalities from turbines collisions at wind energy facilities. 
These reports represented 4,975 bird fatalities from wind turbines, of which 62.5 percent were 
passerines consisting of 157 species, most of which were found during the fall season (Table 
4-27). Over 20 percent of the reported small passerine fatalities were horned lark (Table 4-28). 
The fatality studies in this analysis represented about 20 percent of current operating wind-
energy capacity in the U.S. For all currently operating wind energy facilities, 206,256 small bird 
fatalities from wind turbines were estimated to occur annually, or about 3.27 small birds per MW 
of installed capacity (Table 4-29). 
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Table 4-26. Number of Studies in Each Land Cover Type, Presented by Avifaunal 
Biome (see Figure 4-5), and Number of Studies that Reported Small Bird 

Estimates and only all Bird Estimates 

Avifaunal 
Biome Land Cover Type 

# Facilities 
with Small 

Bird 
Estimates 

# Facilities with 
All Bird 

Estimates Only 

Eastern 

Agriculture 1 3 
Agriculture/forest 3 3 
Forest 3 4 
Forest/pasture/grassland 0 1 
Grassland 0 2 

Intermountain 
West 

Agriculture 4 2 
Agriculture/grassland 13 1 
Desert grassland/forested 2 0 
Grassland 4 1 
Grassland and shrub steppe 3 1 
Grassland/shrub steppe and agriculture 6 1 
Grassland/shrub steppe, agriculture and 
forest 0 1 

Shrub steppe and agriculture 2 0 

Northern Forest 

Agriculture 1 0 
Agriculture/forest 6 0 
Forest 1 5 
Grassland, forest, rocky embankments 1 1 

Pacific 

Agriculture 1 0 
Agriculture/grassland 1 2 
Desert 1 0 
Grassland 1 0 
Shrub/scrub and grassland 1 0 
*No habitat in database* 1 0 

Prairie 

Agriculture 13 5 
Agriculture/forest 1 0 
Agriculture/grassland 5 3 
Forest 1 0 
Grassland 4 0 

Total 116 facilities 80 36 
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Figure 4-5. Wind energy facilities in the U.S. and Canada with publicly available 
fatality monitoring studies by avifaunal biomes (aggregations of Bird 

Conservation Regions based on shared bird species) (Adapted from Rich et al. 
2004)  
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Table 4-27. Observed Number of Fatalities and Percent Composition for Each Bird 
Type 

Bird type 
# 

Fatalities 
% 

Composition 
Passerines 3,110 62.5 
Upland Game Birds 407 8.2 
Diurnal Raptors 386 7.8 
Unidentified Birds 260 5.2 
Doves/Pigeons 192 3.9 
Waterfowl 133 2.7 
Vultures 71 1.4 
Owls 62 1.2 
Rails/Coots 54 1.1 
Woodpeckers 52 1.0 
Shorebirds 49 1.0 
Cuckoos 45 0.9 
Large Corvids 38 0.8 
Swifts/Hummingbirds 37 0.7 
Goatsuckers 25 0.5 
Gulls/Terns 24 0.5 
Loons/Grebes 18 0.4 
Waterbirds 9 0.2 
Kingfishers 3 0.1 
Overall 4,975 100 

 
Table 4-28. Number of Fatalities and Percent of all Fatalities for the 25 Most 

Commonly Found Species of Passerines. Unidentified Small Passerine Types are 
also Included in Order of Abundance 

Common name Species # Fatalities  
% Small passerine 

fatalities 
Horned lark Eremophila alpestris 681 21.9 
Red-eyed vireo Vireo olivaceus 265 8.5 
Western meadowlark Sturnella neglecta 159 5.1 
Golden-crowned kinglet Regulus satrapa 158 5.1 
Unidentified passerine  120 3.9 
European starling Sturnus vulgaris 103 3.3 
Red-winged blackbird Agelaius phoeniceus 70 2.3 
Magnolia warbler Setophaga magnolia 60 1.9 
Yellow-rumped warbler Setophaga coronata 57 1.8 
Ruby-crowned kinglet Regulus calendula 55 1.8 
Dark-eyed junco Junco hyemalis 51 1.6 
Blackpoll warbler Setophaga striata 50 1.6 
Townsend's warbler Setophaga townsendi 38 1.2 
Savannah sparrow Passerculus sandwichensis 37 1.2 
White-crowned sparrow Zonotrichia leucophrys 37 1.2 
Tree swallow Tachycineta bicolor 34 1.1 
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Common name Species # Fatalities  
% Small passerine 

fatalities 
unidentified warbler  34 1.1 
American robin Turdus migratorius 28 0.9 
black-throated blue warbler Setophaga caerulescens 27 0.9 
Wilson's warbler Cardellina pusilla 27 0.9 
common yellowthroat Geothlypis trichas 26 0.8 
unidentified sparrow  25 0.8 
wood thrush Hylocichla mustelina 25 0.8 
Brewer's blackbird Euphagus cyanocephalus 24 0.8 
bobolink Dolichonyx oryzivorus 22 0.7 
ovenbird Seiurus aurocapilla 22 0.7 
house wren Troglodytes aedon 20 0.6 

 
Table 4-29. Comparison of the Average Small Passerine Fatality Rate 

(small passerines/MW/year) for each Avifaunal Biome and all Biomes Combined, 
Total MW Produced in each Biome, and Proportion of Total MW Represented by 

Wind Energy Facilities with Publicly Available Fatality  
Monitoring Reports1 

Avifaunal Biome 

Unadjusted 
Average 

Small Bird 
Estimate 

(MW/Year) 

Average 
Estimate 

Adjusted for 
Low Bias 
(MW/Year) 

Average 
Estimate 

Adjusted for 
High Bias 
(MW/Year) 

Sum of 
MW for 
Public 
Data 

Total MW 
in Biome 

Percent of 
Total MW 

Represented 
by Public 

Data 
Eastern 2.34 3.83 2.58 2,143.46 6,523.85 32.9 
Intermountain 
West 2.12 3.35 2.09 4,939.00 9,500.93 52.0 
Northern Forest 1.56 1.43 1.15 1,479.00 3,694.00 40.0 
Pacific2 2.44 3.27 2.55 848.46 1,857.32 45.7 
Prairie 2.15 3.68 2.04 2,970.56 37,027.83 8.0 
Southwest2     4,419.13  
All Biomes 2.12 3.27 2.07 12,380.48 63,023.05 19.6 
1Lower and higher adjusted bias average estimates were calculated based on known biases in the statistical fatality estimators 
and are an attempt to provide a bracket that indicates the range of known bias. See Erickson et al. (2014) for details. 
2 Only one facility in the southwest biome represented by a fatality report that was available. Due to its singularity and since it is 
located very close to the Pacific biome; it was combined with the Pacific biome. 

A surrogate species method was used to estimate baseline and build out turbine operations-
related take. The method is similar to the methods used by the USFWS to estimate take of 
Kirtland’s warblers for communication towers in Michigan (USFWS 2007c). In the biological 
opinion for the Michigan State Police Tower consultation, fatality rates for blackpoll warbler (the 
surrogate species for Kirtland’s warbler) at a sample of the towers were used in combination 
with the ratio of Kirtland’s warbler to blackpoll warbler population sizes and the estimated 
percent of blackpoll warbler populations migrating through Michigan. For the Michigan State 
Police Tower Biological Opinion, it was assumed that 10 percent of the blackpoll warbler 
populations migrate through Michigan. For this take assessment, it was assumed that 25 percent 
of the surrogate species population travels though the Plan Area, and a surrogate species method 
take estimate was calculated based on regional songbird fatality estimates derived by Erickson et 
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al. (2014) to confirm that use of blackpoll warblers as the surrogate yielded the most 
conservative (highest) take estimate among candidate warbler species (Table 4-30).  

A regional small bird take estimate was developed from a subset of the facilities used to evaluate 
take in the Plan Area. Studies were selected that reported a take estimate for birds, had search 
intervals less than every seven days, and had search intervals less than the mean carcass 
persistence time. Where possible, fatality estimates for small birds were used, because the 
composition of fatalities from Erickson et al. (2014) is based on small bird fatality. Inclusion of a 
few studies for which only all-bird fatality estimates were available resulted in a conservative 
(higher) small bird estimate because they included large birds as well as small birds. Not all 
studies had monitoring plans that covered the whole year (Table 4-30). Because the majority of 
small bird fatality occurs during the fall (Erickson et al. 2014), and to maximize the number of 
studies available for an estimate, studies that monitored during fall and spring at a minimum 
were included,  

Fatality estimates were adjusted for studies that had plot radii less than 100 m. Search plots that 
are too small can miss some carcasses (Smallwood 2013), resulting in under-estimates of bird 
mortality. On the other hand, almost no studies account for background mortality of birds that 
may result in over-estimates, so large plots may over-estimate mortality (Erickson et al 2014). 
Methods are available to adjust fatality estimates for unsearched plots (Huso and Dalthorp 2014; 
Smallwood 2013; Hull and Muir 2010). Huso and Dalthorp’s (2014) method required detailed 
carcass distribution data which are not available at this time. Smallwood (2013) provides models 
for proportion of carcasses expected in plots that are based on turbine height and plot size, but 
the turbine heights for which models are available do not cover all of the turbine heights 
represented in the facilities used to evaluate take in the Plan Area. Hull and Muir (2010) provide 
a ballistic model that predicts the maximum distance small-bird carcasses are expected to fall 
based on turbine height, rotor length, and bird size.  
The model predicts the distance a carcass might be propelled after hitting a turbine blade, based 
on the size of the animal and physical characteristics of the turbine. It was not possible to derive 
the distribution of animals for this application of the model; therefore, we conservatively 
assumed the fall distribution decreases linearly from the base of the turbine out to the maximum 
fall distance predicted by the model for a given turbine height, rotor diameter, and average 
animal mass. 

For each facility, the turbine characteristics and cleared plot dimensions were used to calculate 
the proportion of small birds expected to fall on the cleared plots out to 100 m at that facility. If 
the cleared plots of a facility extended completely beyond the maximum radius predicted by the 
ballistics model, then it is assumed that the plot captures all small bird fatalities. When plots did 
not extend completely beyond the maximum fall radius, the proportion of small birds expected to 
fall within the plot was calculated assuming isotropy, and taking into account plot geometry (i.e. 
circular or square plots; see Table 4-31). 



Take Assessment and Impact of Take Chapter 4 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 4-80 

Table 4-30. Estimates of Fatality Rates for Surrogate Species and Associated 
Estimates for Kirtland’s Warbler using Erickson et al. (2014) for regional warbler 

fatality rates 

Species 
No. 

Found 
% Small Bird 
Composition 

Estimate 

North 
American 

Population 
Population 

Size Ratio: 
KIWA 

Estimate 

#/MW/year Size Plan Area 
KIWA/specie

s (#/MW/year) 
Tennessee 
warbler 13 2.62% 0.10 60,000,000 15,000,000 0.00028 0.0000268 

Magnolia warbler 8 1.61% 0.06 30,000,000 7,500,000 0.00056 0.0000330 
Yellow warbler 8 1.61% 0.06 30,000,000 7,500,000 0.00056 0.0000330 
Black-and-white 
warbler 7 1.41% 0.05 14,000,000 3,500,000 0.00119 0.0000620 

Nashville warbler 6 1.21% 0.04 34,000,000 8,500,000 0.00049 0.0000219 
Orange-crowned 
warbler 4 0.80% 0.03 80,000,000 20,000,000 0.00021 0.0000062 

Pine warbler 4 0.80% 0.03 11,000,000 2,750,000 0.00152 0.0000447 
Black-throated 
green warbler 3 0.60% 0.02 10,000,000 2,500,000 0.00167 0.0000369 

Blackpoll warbler 2 0.40% 0.01 3,000,000 750,000 0.00557 0.0000820 
Bay-breasted 
warbler 2 0.40% 0.01 21,000,000 5,250,000 0.00080 0.0000117 

Total 497 100 3.68 
    

 

Table 4-31. Estimates of Fatality Rates for at Studies Used to Inform the Surrogate 
Species Take Estimate 

Facility State 

Bird 
Fatality 

Estimate 
(Birds/ 

MW/Year) 

Area-Adjusted 
Bird Fatality 

Estimate 
(Birds/MW/Year)1 Plot Size 

Seasons 
Monitored 

Bird Sizes 
Included 

in 
Estimate 

Top Crop IL 2.2 2.43 61m radius All Small birds 
Railsplitter IL 0.84 0.93 60m radius All Small birds 
Blue Sky 
Green Field WI 6.87 6.91 160m x 160m Spring, Fall All birds 

Template 1 OH 0.95 0.96 90m radius Spring, 
Summer, Fall Small birds 

Cedar Ridge 
(2009) WI 5.12 5.15 160m x 160m Spring, Fall Small birds 
Cedar Ridge 
(2010) WI 2.21 2.22 160m x 160m Spring, Fall Small birds 
Top of Iowa 
2003 IA 0.49 0.68 76m x 76m Spring, 

Summer, Fall All birds 
Top of Iowa 
2004 IA 1.06 1.46 76m x 76m Spring, 

Summer, Fall All birds 
Big Blue 
2013 MN 0.48 0.48 

200m 
diameter 

Spring, 
Summer, Fall Small birds 
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Facility State 

Bird 
Fatality 

Estimate 
(Birds/ 

MW/Year) 

Area-Adjusted 
Bird Fatality 

Estimate 
(Birds/MW/Year)1 Plot Size 

Seasons 
Monitored 

Bird Sizes 
Included 

in 
Estimate 

Big Blue 
2014 MN 0.37 0.37 

200m 
diameter 

Spring, 
Summer, Fall Small birds 

Average 
 

2.00 2.16  
  1Calculated by dividing the bird fatality estimate by the Hull and Muir (2010) area correction. The Hull and Muir area correction is the 

proportion of small birds expected to fall within the plot boundaries out to 100m searched at each facility. 

Table 4-30 presents the Kirtland’s warbler fatality estimates using several candidate surrogate 
species. Kirtland’s warbler fatality estimates from these surrogate species ranged from 
0.0000062 to 0.000082 per MW per year (Table 4-30). The following information is used to 
calculate the Kirtland’s warbler per MW fatality rate: 

• Blackpoll warbler fatality rate (i.e., the species with the highest fatality estimate in Table 
4-30 = 0.000082 per MW per year) 

• The average regional area-adjusted small bird fatality rate = 2.16 individuals per MW per 
Year (from Table 4-31) 

• Estimated blackpoll warbler Plan Area population = 750,000 individuals (from Table 
4-30) 

• Estimated Kirtland’s warbler Plan Area population = 4,180 individuals (based on an 
estimated 2,090 singing males detected during breeding surveys19) 

Based on this information the Kirtland’s warbler fatality rate is estimated to be 0.000048 per 
MW per year (2 ÷ 497 * 2.16 per MW * 4,180 ÷ 750,000 = 0.000048 per MW per year). 

This estimate uses conservative assumptions (i.e., are likely to overestimate take), including the 
assumptions that all wind energy build-out is within the migration range of Kirtland’s warbler 
and that the risk of collision for Kirtland’s warbler is similar to the surrogate species with the 
highest risk (the blackpoll warbler). However, it is not as conservative as the estimate using 
fatality rates from Erickson et al. (2014). 

Based on the per MW rate of take, the annual Kirtland’s warbler fatality rate with full build-out 
of 33,000 MW of capacity is 1.58 individuals and the estimated number of fatalities over the 
term of the MWE is 60 individuals (Table 4-32). For existing wind energy facilties (i.e., 
baseline) the annual Kirtland’s warbler fatality rate is 0.86 individual and the estimated number 
of fatalities over the term of the MWE is 39 individuals (Table 4-32).  

                                                 
19Source: USFWS data website data available online at: 
http://www.fws.gov/midwest/endangered/birds/Kirtland/Kwpop.html. 
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Table 4-32. Estimated Number of Kirtland’s Warbler Fatalities from Baseline and 
Build-Out Operations of Wind Energy Facilities from 2016 to 2060 

Plan 
Year 

Calendar 
Year 

Operating 
Status 

Baseline 
MW 

Build-
Out 
MW 

Mean 
Estimated 

Annual 
Fatality 

from 
Baseline 

Mean 
Estimated 

Annual 
Fatality 

from 
Build-Out 

Mean 
Estimated 

Annual 
Fatality from 
Baseline + 
Build-Out  

1 2016 Build 18,004 2,200 0.86 0.11 0.97 
2 2017 Build 18,004 4,400 0.86 0.21 1.08 
3 2018 Build 18,004 6,600 0.86 0.32 1.18 
4 2019 Build 18,004 8,800 0.86 0.42 1.29 
5 2020 Build 18,004 11,000 0.86 0.53 1.39 
6 2021 Build 18,004 13,200 0.86 0.63 1.50 
7 2022 Build 18,004 15,400 0.86 0.74 1.60 
8 2023 Build 18,004 17,600 0.86 0.84 1.71 
9 2024 Build 18,004 19,800 0.86 0.95 1.81 

10 2025 Build 18,004 22,000 0.86 1.06 1.92 
11 2026 Build 18,004 24,200 0.86 1.16 2.03 
12 2027 Build 18,004 26,400 0.86 1.27 2.13 
13 2028 Build 18,004 28,600 0.86 1.37 2.24 
14 2029 Build 18,004 30,800 0.86 1.48 2.34 
15 2030 Build 18,004 33,000 0.86 1.58 2.45 
16 2031 Operate 18,004 33,000 0.86 1.58 2.45 
17 2032 Operate 18,004 33,000 0.86 1.58 2.45 
18 2033 Operate 18,004 33,000 0.86 1.58 2.45 
19 2034 Operate 18,004 33,000 0.86 1.58 2.45 
20 2035 Operate 18,004 33,000 0.86 1.58 2.45 
21 2036 Operate 18,004 33,000 0.86 1.58 2.45 
22 2037 Operate 18,004 33,000 0.86 1.58 2.45 
23 2038 Operate 18,004 33,000 0.86 1.58 2.45 
24 2039 Operate 18,004 33,000 0.86 1.58 2.45 
25 2040 Operate 18,004 33,000 0.86 1.58 2.45 
26 2041 Operate 18,004 33,000 0.86 1.58 2.45 
27 2042 Operate 18,004 33,000 0.86 1.58 2.45 
28 2043 Operate 18,004 33,000 0.86 1.58 2.45 
29 2044 Operate 18,004 33,000 0.86 1.58 2.45 
30 2045 Operate 18,004 33,000 0.86 1.58 2.45 
31 2046 Operate 18,004 33,000 0.86 1.58 2.45 
32 2047 Operate 18,004 33,000 0.86 1.58 2.45 
33 2048 Operate 18,004 33,000 0.86 1.58 2.45 
34 2049 Operate 18,004 33,000 0.86 1.58 2.45 
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Plan 
Year 

Calendar 
Year 

Operating 
Status 

Baseline 
MW 

Build-
Out MW 

Mean 
Estimated 

Annual 
Fatality 

from 
Baseline 

Mean 
Estimated 

Annual 
Fatality 

from Build-
Out 

Mean 
Estimated 

Annual Fatality 
from Baseline 

+ Build-Out 
35 2050 Operate 18,004 33,000 0.86 1.58 2.45 
36 2051 Operate 18,004 33,000 0.86 1.58 2.45 
37 2052 Operate 18,004 33,000 0.86 1.58 2.45 
38 2053 Operate 18,004 33,000 0.86 1.58 2.45 
39 2054 Operate 18,004 33,000 0.86 1.58 2.45 
40 2055 Operate 18,004 33,000 0.86 1.58 2.45 
41 2056 Operate 18,004 33,000 0.86 1.58 2.45 
42 2057 Operate 18,004 33,000 0.86 1.58 2.45 
43 2058 Operate 18,004 33,000 0.86 1.58 2.45 
44 2059 Operate 18,004 33,000 0.86 1.58 2.45 
45 2060 Operate 18,004 33,000 0.86 1.58 2.45 

Totals     38.89 60.19 99.08 

 

4.6.1.1.4 Collision with Meteorological Towers and Connector Lines 

Other possible risks to birds may result from collisions with the meteorological towers 
constructed to support wind energy facility operations. Data on meteorological tower impacts to 
birds indicate that the average number of discovered bird mortalities per year is similar or higher 
for guyed meteorological towers compared to turbines. However, at one site in Wyoming, 
average avian mortality was three times greater at guyed meteorological towers than at the 
turbines (Young et al. 2003). The use of un-guyed towers substantially reduces collision 
mortality of nocturnal migrants as most mortality at communication towers occurs at guyed 
structures (Longcore et al. 2008). AMM GEN8 in Section 5.1.3.1.2 requires that meteorological 
towers be free standing without guywires, and therefore, impacts on Kirtland’s warbler from 
permanent meteorological towers are expected to be negligible and therefore not rise to the level 
of take. A small level of take could be associated with individuals colliding with guyed 
temporary meteorological towers. The risk of collision with guyed temporary meteorological 
towers within wind energy facilities are not considered additive or distinguishable from risk of 
collision with a turbine blade or tower and are considered part of the above take estimate for 
turbines. Furthermore, the overall risk for collision with temporary meteorological towers over 
the 45-year term of the MWE is expected to be low because they must be removed within 1 year 
of their construction. 

The direct impact resulting from Kirtland’s warbler collisions with new connector lines was 
estimated using a conservative approach. Using overall fatality rates presented in Faanes (1987) 
and species composition provided by Harness et al. (2003a) and Pandey et al. (2007), the 
following method was used to estimate the direct impact from connector lines. Assuming 125 
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bird fatalities/km/year (Faanes 1987) and warblers representing 0.4 to 2.6 percent of all fatalities 
(Harness et al. 2003a; Pandey et al. 2007), then an estimated 0.5 to 3.2 warbler fatalities/km/year 
would occur. Kirtland’s warbler fatalities would be some unknown fraction of the warbler 
fatalities, but based on relative populations sizes (Kirtland’s warbler compared to other warbler 
species) as well as the absence of data on Kirtland’s warbler collisions with power lines, this 
fraction is expected to be extremely small. Therefore, the risk for Kirtland’s warbler collisions 
with meteorological towers and connector lines is considered to be negligible, such that no take 
of individuals is expected from collisions with these structures.  

4.6.2 Indirect Impacts 

Indirect impacts of wind energy development on birds includes disruption of breeding activities, 
migratory patterns, and foraging behaviors through changes to the landscapes, including habitat 
fragmentation. Indirect impacts on birds can contribute to increased mortality, alterations in the 
availability of food, roost and nest resources, increased risk of predation, and potentially altered 
demographics, genetic structure, and population viability (NRC 2007).  

Indirect impacts on wildlife may result from habitat fragmentation (e.g., more habitat edges 
through roads, smaller areas of contiguous habitat), increases in more generalized habitats, and 
resistance-free travel lanes for predators and competitors in, for example, large grasslands and 
forests. The greatest concern for indirect impact of wind energy facilities on wildlife is where 
these facilities have been constructed in native vegetation communities, such as grasslands or 
shrub steppe, that provide comparatively rare, high-quality habitat for many species of birds 
including several species of concern (USFWS 2007c). Siting facilities on agricultural land 
reduces the potential for impacts associated with fragmentation and displacement. Additional 
information describing the effects of habitat fragmentation is included in Section 4.6.1.1. 

Suitable habitat for Kirtland’s warbler is defined as Jack pine (Pinus banksiana) stands that are 5-
23 years old, at least 12 hectares in area (30 acres), and with greater than 2,000 stems/hectare. 
Occupied stands usually occur on dry, excessively drained and nutrient poor glacial outwash 
sands. They are structurally homogenous with trees ranging from 1.7 to 5.0 m in height. 
Kirtland’s warblers will also use stands with significant components of red pine (Pinus resinosa) 
and pin oak (Quercus palustris). A map reflecting jack pine forest habitat within the Covered 
Lands was generated from the National Land Cover Database (USGS 2011; Fry et al. 2011) and 
was used to calculate the amount of jack pine forest habitat within 500 m x 500 m grid cells. 
Within each 500 m x 500 m grid cell, the proportion of area in all of the forest cover types was 
calculated using ArcGIS (ESRI 2011), and the grid cells were mapped (Figure 4-6). After 
calculating the location and relative density of jack pine forested areas for the Plan Area and 
Covered Lands, this layer was used to intersect iterations of the build-out model to determine the 
amount of forest habitat expected to fall within facilities within Kirtland’s warbler range. 
Following estimation of the total mean amount of jack pine habitat, an assumption was used that 
2 to 5 percent of this habitat would be converted to turbine locations, access roads, and other 
associated wind-energy infrastructure. This assumption of 2 to 5 percent removal represents the 
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approximate amount of total land surface that is typically converted from original land uses to 
turbine locations and associated infrastructure (J. Anderson pers. comm.). 

Table 4-33 shows estimated loss of jack pine habitat from the build-out models. The build-out 
model estimates 1 or 2 facilities potentially within jack pine habitat. Direct loss of jack pine 
habitat, assuming no avoidance of such habitat, is 1 to 12 hectares (2.5 to 30 acres). Permanent 
impacts on Kirtland’s warbler due to habitat removal would be avoided or minimized by AMMs 
that require the siting of turbines outside of the KWMA and, as practicable, avoiding the siting of 
turbines within ½ mile of KWMA lands or within ½ mile of other documented Kirtland’s 
warbler breeding sites (see AMM KIWA2 in Section 5.5.2). Given the small number of facilities 
likely to be built in potentially suitable habitat with implementation of the AMMs, the 
construction of new wind energy facilities are unlikely to result in indirect impacts on Kirtland’s 
warbler. Depending on where new wind energy facilities are sited in relation to occupied habitat, 
however, there could be indirect impacts on a small number of individuals associated with the 
removal or fragmentation of breeding habitats. The potential level of indirect impacts is not 
expected to exceed the displacement of 2 Kirtland’s warblers (i.e., the removal of up to 30 acres 
of breeding habitat corresponding to the minimum patch size requirement for one nesting 
territory). The impacts described above for breeding Kirtland’s warbler are not expected to result 
in take of individuals.  

Table 4-33. Estimate of the Amount of Jack Pine Habitat Impacted in Final Build-
Out Models 

State 

Total Hectares of Jack Pine 
Occupied by Facilities at Final 

Build-out 

Total Hectares of Jack Pine Removed by 
Infrastructure with Full Build-Out 

(2 to 5% of Area Occupied by Facilities) 

Mean 
5th 

Percentile 
95th 

Percentile 
Mean 2% 

Loss 

95th 
Percentile 
2% Loss 

Mean 
5% 

Loss 

95th 
Percentile 
5% Loss 

IA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
IL 0.002 0.000 0.000 0.000 0.000 0.000 0.000 
IN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
MI 53.364 0.000 195.410 1.067 3.908 2.668 9.771 
MN 0.381 0.000 0.000 0.008 0.000 0.019 0.000 
MO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
OH 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
WI 15.589 0.000 71.689 0.312 1.434 0.779 3.584 

Region 69.336 0.174 243.170 1.387 4.863 3.467 12.159 
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Figure 4-6. Kirtland’s Warbler Occurrences and Jack Pine Forest Cover  
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4.6.3 Overall Take Estimate 

As described in Sections 4.6.1 and 4.6.2, implementation of the Covered Activities could result 
in take of Kirtland’s warbler associated with wind turbine operations and in indirect impacts 
associated with construction activities that result in the removal of occupied Kirtland’s warbler 
jack pine habitat.  

The estimated take and the requested level of take of Kirtland’s warblers associated with the full 
build-out of 33,000 MWs is 60 individuals over the term of the MWE (see Table 4-32). The 
estimated take and the requested level of take associated with the baseline generation of 18,004 
MWs is 39 Kirtland’s warblers over the term of the MWE (see Table 4-32).  

Indirect impacts on Kirtland’s warbler are estimated to result from the removal of up to 12 
hectares (30 acres) of occupied Kirtland’s warbler habitat that could be associated with the 
construction of new wind energy facilities or expansion of existing wind energy facilities. 

4.6.4 Effects on Designated Critical Habitat 

Critical habitat has not been designated for Kirtland’s Warbler; therefore, no impacts on critical 
habitat will result from Covered Activities. 

4.6.5 Impact of Take 

The estimated total take of Kirtland’s warbler over the 45-year term of the MWE is 60 
individuals with full build-out of 33,000 MW (on average, 1.58 individuals annually over the 
term of the MWE). With a total breeding population of approximately 4,180 individuals (based 
on 2,090 singing males recorded in 2012), and a fledging rate of 3.5 young per pair per year, the 
total fall migratory population of Kirtland’s warblers may exceed 10,000 individuals. Based on 
this population estimate, the loss of 60 individuals represents an annualized take of 0.03 percent 
of the population over the term of the MWE, a rate that is unlikely to result in Covered Activities 
changing the baseline rate of annual mortality and reproduction.  

The average annual take of 1.58 individuals associated with build-out of 33,000 MW of wind 
energy capacity is not expected to result in a significant reduction in population size, nor a 
significant reduction in annual growth rates. Annual mortality rates for Kirtland’s warblers have 
been estimated to be approximately 37 percent for after-hatch-year adults, and as high as 60 
percent for hatch-year juveniles (USFWS 2007c). Natural reproduction and recruitment are 
expected to replace this level of mortality over time.  

The estimated take of Kirtland’s warbler with full participation by existing wind energy facilities 
is 39 individuals over the term of the MWE. To the degree that existing wind energy facilities 
receive a take authorization, baseline take of Kirtland’s warblers will be reduced with 
implementation of AMM KIWA4 for wind energy facilities that are located near occupied 
Kirtland’s warbler nest sites (see Section 5.5.2). The impact of take on Kirtland’s warbler 
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associated with operation of existing wind energy facilities located outside of Kirtland’s warbler 
breeding habitat is not expected to change from baseline conditions. 

4.7 INTERIOR LEAST TERN 

This section provides the methods and results of the analysis of impacts of Covered Activities on 
interior least tern, including descriptions of direct and indirect impacts, overall predicted level of 
take based on a collision risk model, and the biological effects of the take on the species. 

4.7.1 Direct Impacts 

This section describes the mechanisms that could result in take of interior least tern that are 
reasonably certain to result from implementation of the Covered Activities described in 
Chapter 2. 

4.7.1.1 Construction and Decommissioning 

Interior least tern current breeding distribution in the Plan Area is limited to southeastern 
Missouri, southern Illinois and Indiana along the Mississippi, Ohio, and Wabash Rivers, and the 
western edge of Iowa along the Missouri River. These breeding areas are not included in the 
Covered Lands. Criteria for the identification of the Covered Lands excluded all lands within 1 
mile of major rivers (see Section 1.6). Therefore, no direct impacts on breeding interior least 
terns from construction and decommissioning are anticipated during the summer months. In 
addition, it is not anticipated that construction or decommissioning efforts will have any direct 
impact to migrating interior least terns.  

4.7.1.2 Operations and Maintenance 

This section describes the potential impacts on interior least tern from operations and 
maintenance that may occur during the species' spring or fall migratory periods or during the 
summer breeding season where they occupy breeding habitat within the Plan Area. Interior least 
tern’s current breeding distribution is extremely limited in the Plan Area and generally only 
found along the boundary of the Plan Area in southeastern Missouri, southern Illinois, and the 
western edge of Iowa. The Covered Lands do not include areas within 1 mile of major river 
corridors used as nesting habitat and, therefore, no direct impacts from operations and 
maintenance are anticipated on breeding habitat or interior least terns during the breeding season. 
However, impacts on interior least tern may occur during the species' spring or fall migratory 
periods. Should breeding interior least terns be found in the vicinity of a wind energy facility, the 
changed circumstance response described in Section 8.4.7 will be applied. The potential for take 
to occur during migratory activity may not be fully avoided. The analysis provided in this section 
is relevant to the spring and fall migratory periods. 

When the interior least tern recovery plan was prepared in 1990 (USFWS 1990), little 
information regarding range-wide distribution and abundance of breeding populations was 
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known. Since that time a number of local and regional monitoring programs have been 
developed (Guilfoyle et al. 2004) which provide breeding population data for a segment of the 
population. The complete range of interior least terns has only been surveyed once in 2005 (Lott 
2006). During this range-wide survey, counts were conducted by many individuals using 
different protocols, none of which accounted for imperfect detection of interior least terns. 
Consequently, the total count of 17,591 adults in 2005 is likely a minimum number of adults 
alive at the time of the survey, and is not a robust estimate of population size (for example, with 
error estimate). Due to differences in survey methods among regions, regional counts from this 
survey are not considered directly comparable; however, the count of 10,960 adult interior least 
terns on the Lower Mississippi River (from the Ohio River to Baton Rouge) represents 
approximately 62 percent of the population of interior least tern. The remaining 38 percent of the 
population is spread over a larger area with interior least terns being most abundant on the 
riverine systems of the Arkansas and Red Rivers, which were undocumented in earlier large-
scale summaries for the population, such as the USFWS Recovery Plan (Kirsch and Sidle 1999; 
USFWS 1990).  

The 2005 range-wide survey (Lott 2006) is believed to be the most comprehensive survey for 
interior least tern breeding areas outside of the Lower Mississippi River. This survey identified 
river segments throughout the range where the breeding interior least terns were counted. 
Seventeen of the river segments that had breeding interior least terns occur in the upper Great 
Plains (Kansas, Nebraska, South Dakota, North Dakota, and Montana) and these represent a 
large fraction of the interior least terns outside the lower Mississippi River area. The data from 
the 2005 survey and additional unpublished U.S. Army Corps of Engineers (Corps) data for these 
17 river segments were compiled to provide population counts used in this analysis (Table 4-34).  

Various local and regional monitoring efforts for the interior least tern are ongoing. Specifically, 
the Corps is conducting several monitoring programs along the Missouri, Mississippi, Arkansas, 
Red, and Canadian rivers. Monitoring on the Platte River is being conducted by a number of 
organizations including the Central Nebraska Public Power and Irrigation District, Nebraska 
Tern and Plover Partnership, Platte River Recovery Implementation Program, Nebraska Public 
Power District, USFWS, and Headwaters Corporation. These monitoring programs provide 
interior least tern counts, however, based on research that is underway by the Northern Prairie 
Wildlife Research Center of the U.S. Geological Survey there is concern that the variable 
methods used in these monitoring programs may underestimate the actual populations of interior 
least tern (T. Shaffer pers. comm. 2011).  
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For the purposes of this assessment, given the apparent variability in population estimates, the 
maximum count numbers from the overall available data (Table 4-34) was used. The recent 
5-year review (USFWS 2013c) includes results from more recent monitoring (2010 to 2012) of 
several population segments. In most instances, however, the reported counts are slightly less 
than the maximum counts from Lott (2006). Consequently, the take assessment is based on the 
higher, earlier population estimates to ensure that the probability for tern collisions with turbine 
blades will not be underestimated. Based on the river segments identified, the population of 
interior least terns for each of the five upper Great Plains states (Montana, North Dakota, South 
Dakota, Nebraska, and Kansas) was calculated resulting in a total of 2,766 breeding birds (Table 
4-35). Interior least terns breeding along rivers in southeastern Missouri and southern Illinois and 
Indiana, including those breeding along the Ohio River (USFWS 2013c), are on the southern 
boundary of the Plan Area and are therefore not expected to traverse any Covered Lands in 
migrations to and from the Gulf Coast. Direct impacts to interior least tern that may result from 
implementation of Covered Activities are collisions with wind energy facility structures 
including turbines, meteorological towers, and connector lines from wind energy facilities to 
transmission lines during the migration of these 2,766 interior least terns as they pass through the 
Plan Area.  

Table 4-34. Interior Least Tern Counts on River Segments Generally to the West 
of the Plan Area 

River System River Segment Range of 
Adult Counts Year (s) 

Missouri 

23a- Lower Platte River  42-331 1991, 1996, 2001 
23b- Lower Platte River sand pits 127-163 1991, 1996, 2001 
13- Missouri- below Gavins Pt. Dam 86-476 1986-2010 
12- Lewis and Clark Lake 0-272 1986-2010 
11- Niobrara River 150-321 1991, 1996, 2001 
10- Missouri- below Ft. Randall dam 1-124 1986-2010 
9- Lake Francis Case 6-11 2003-2010 
8- Lake Sharp 2 2010 
6- Lake Oahe 30-192 1986-2010 
5- Below Garrison Dam  51-284 1986-2010 
4- Lake Sakakawea 2-53 1988-2010 
2- Ft. Peck River 18- 160 1988-2010 

Platte 

15- Lake McConaughy 10-24 1991, 1996, 2001 
18- Upper Platte sand pits 29-78 1991, 1996, 2001 
19- Central Platte sand pits 67-158 1991, 1996, 2001 
20- North Loup River sand pits no counts, 2 colonies 2005 
21- Loup River and sand pits 51-117 1991, 1996, 2001 
23a- Lower Platte River  42-331 1991, 1996, 2001 
23b- Lower Platte River sand pits 127-163 1991, 1996, 2001 

Source: Lott 2006 and Pavelka 2012. 
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Table 4-35. Interior Least Tern Population Estimates for Each State to the West of 
the Plan Area that may Support Interior Least Terns that Migrate through the Plan 

Area 

State 
Population1 

Estimate 
Montana 160 
North Dakota 337 
South Dakota 329 
Nebraska 1,940 
Kansas 0 

Total 2,766 
1 Population numbers were determined using maximum count numbers provided in Table 4-34.  

4.7.1.2.1 Collision with Operating Turbines 

This risk of interior least terns colliding with wind turbines is unknown. Tern collisions with 
wind turbines are not documented and tern species do not appear to be at great risk from wind 
energy facilities or collision with other tall structures.  

A review of a database maintained by WEST that contains avian fatality data from publicly 
available monitoring studies of modern wind energy facilities (116 studies) throughout North 
America (Appendix D) was conducted to investigate the percent composition of avian fatalities 
likely to be interior least terns. The studies reviewed all generally employed standardized 
methods for estimating avian impacts and were conducted over a fairly representative portion of 
the U.S. and Canada. During these studies, 4,748 bird fatalities were reported, of which no 
interior least tern fatalities were documented. 62 waterbirds were recorded which equates to 
approximately 1.3 percent of all fatalities (Table 4-36). While the habitat and behavior of the 
interior least tern may closely resemble the piping plover and other shorebirds, the information 
regarding their migratory behavior indicates that it is more similar to waterbirds than to 
shorebirds. Waterbirds are often diurnal migrants and may move slowly from summer to winter 
grounds using stopover habitats while in route. In contrast, shorebirds are often nocturnal 
migrants and move quickly from summer to winter grounds with few stopovers. To assess the 
potential level of take of interior least tern during migration, the migratory characteristics of 
waterbirds were used because they more closely resemble interior least tern behavior. 
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Table 4-36. Composition of Waterbird Fatalities at Wind Energy Facilities as 
Reported in the Literature 

Species Individuals 
Found 

Percent of 
Waterbirds 

Percent 
of all 

Fatalities 
Ring-billed gull Larus delawarensis 18 1.2 0.4 
Laughing gull Larus atricilla 16 1.1 0.3 
Unidentified gull Larus spp. 13 0.9 0.3 
Great blue heron Ardea herodias 5 0.3 0.1 
Herring gull Larus argentatus 3 0.2 0.1 
Double-crested cormorant Phalacrocorax auritus 2 0.1 0.0 
Black tern Chlidonias niger 1 0.1 0.0 
Great black-backed gull Larus marinus 1 0.1 0.0 
American white pelican Pelecanus erythrorhynchos 1 0.1 0.0 
Black-crowned night-heron Nycticorax nycticorax 1 0.1 0.0 
Green heron Butorides virescens 1 0.1 0.0 
Total  62  1.3 
 

Of the 62 waterbird fatalities recorded during wind energy facility monitoring studies 
(Table 4-36) and for which date of recovery was reported, approximately 55 percent were found 
during either the spring or fall migration period. This result suggests that risk to waterbirds from 
wind energy development is spread throughout the year and is not disproportionately 
concentrated during migration seasons. Overall, the information on avian fatality composition at 
North American wind energy facilities supports the conclusion that interior least terns have low 
risk of collision related mortality.  

Most researchers believe that migration routes for terns generally follow major rivers and marine 
coasts, where available, and across open water for more direct movements (Atkinson and Dood 
2006; Thompson et al. 1997; J. Stucker pers. comm.; C. Lott pers. comm.). In the fall, interior 
least terns appear to follow major river basins to the confluence with the Mississippi River and 
then south to the Gulf of Mexico; thereafter the route is unknown (Thompson et al. 1997). 
Information pertaining to the migration behavior of interior least terns is limited; however, they 
are known to migrate in small, loose groups or family groups, feeding en route in shallow water 
near land, and resting on sandbars, beaches, pilings, and docks (Thompson et al. 1997). Some 
interior least terns have been seen at isolated water bodies greater than 150 km (approximately 
90 to 100 miles) from known nesting areas on major river drainages, which indicate that there is 
some migration cross-country (Thompson et al. 1997). Spring migration is believed to follow the 
same routes along the coast and up major rivers, but movements are not extensively documented 
or monitored (Thompson et al. 1997).  
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A collision risk modeling approach was used to estimate take of the interior least tern at wind 
turbines. A two-stage process was used:  

1. Rate at which migrating birds encounter wind energy facilities.  

2. Outcome of the encounters, including the possibility of collision with wind turbines.  

In general, particularly in instances where data is lacking, selected modeling assumptions were 
designed to be conservative (i.e., results of the modeling are likely to overestimate take of 
interior least tern). Interior least terns breed to the west of the Plan Area in the upper Great 
Plains, in particular, in Montana, North Dakota, South Dakota, Nebraska, and Kansas, and may 
migrate through a portion of the Plan Area (Figure 4-7). It is assumed that migration of these 
terns has the following patterns: 90 percent of the individuals in these breeding populations will 
migrate along river corridors outside of Covered Lands and thus have no risk of exposure to 
wind energy facilities. The remaining 10 percent will fly overland between breeding grounds and 
wintering areas on the Gulf Coast; of these, half will fly on a north-south route without passing 
through any portion of the Plan Area, while the other half, or 5 percent of Upper Great Plains 
terns, will pass through the Plan Area. Of the latter 5 percent, terns breeding in Montana, North 
Dakota, and South Dakota will pass through Iowa and Missouri. Terns breeding in Nebraska and 
Kansas will pass through Missouri only. Furthermore, it is assumed that all overland flights will 
follow straight lines generally along a northwest-southeast axis, and flight altitudes will always 
be at or below turbine heights. Flight distances across Covered Lands in Iowa and Missouri are 
400 km (about 248 miles) and 300 km (186 miles), respectively. Note that while Missouri has 
greater north-south extent than does Iowa, most of Missouri’s southern portion is comprised of 
non-Covered Lands (Figure 1-4) and thus does not present any risk from development under the 
Covered Activities. 

Estimated sizes of breeding populations in the Upper Great Plains are shown in Table 4-34 
and Table 4-35. Based on the 5 percent assumption, 42 birds would pass through both Iowa and 
Missouri during each migratory season, while 97 birds would pass through Missouri only twice a 
year. Risk modeling described below conservatively assumes that population sizes are stable and 
that annual migration numbers are constant leading to expected annual fatalities that are constant. 
If populations were to decline, then expected fatalities would be correspondingly lower. 
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Figure 4-7. Distribution of Interior Least Tern Colonies to the West and South of 
the Plan Area and Assumed Migration Area for Model 

Build-Out Assumptions 

Based on results of the build-out model (Appendix B), the build-out of new wind energy 
facilities in Iowa are expected to occupy 1,724 square kilometers (km2), or 1.26 percent of the 
136,422 km2 of Covered Lands within the state. Similarly, the build-out of new wind energy 
facilities are expected to occupy 178 km2, or 0.17 percent of the 102,722 km2 of Covered Lands 
in Missouri. The build-out model also assumes that the typical new project will have energy 
capacity of 300 MW, occupy 72 km2, and will have a square shape. Thus, a typical project will 
measure approximately 8.5 km on each side of the square. While the build-out model places 
projects on the landscape according to development potential, for this analysis it was assumed 
that new facilities will occupy Covered Lands within each state following a random uniform 
distribution. 
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Binomial Model for Exposure to Wind Facilities 

The exposure model represents flight as a straight line that crosses a series of blocks, each the 
same size as a wind energy facility, i.e., 8.5 km on a side (Figure 4-8). Given that the migration 
distance through Iowa is 400 km, an interior least tern flight path through that state would cross 
nIA = 47 blocks (≈ 400/8.5). Similarly, a flight path through Missouri would cross nMO = 36 
blocks (≈ 300/8.5). It is assumed that each block has independent Bernoulli probability of being 
occupied by a wind energy facility and, given the proportionate area of wind energy facilities in 
Iowa and Missouri, the respective Bernoulli probabilities are pIA = 0.0126 and pMO = 0.0017. 
Putting these components together, the chance that a flight will encounter a particular number of 
wind energy facilities follows a binomial distribution that depends on the number of blocks 
crossed and the probability that an individual block is occupied by a wind energy facility. That 
is, the goal is to calculate the probability of encountering a particular number, x, of facilities 
using the binomial function: P(X = x|n,p). Table 4-37 shows the probabilities for x = 0, 1, 2, or 3. 
There is a chance of encountering larger numbers of facilities, but beyond 3 these probabilities 
are very small and can be safely ignored. 

 
Figure 4-8. Conceptual Model for Flight 

Each flight path is a straight line that crosses a series of blocks. Each block is the same size as a 
typical wind energy facility in the build-out model. Each block has the same independent 
probability of being occupied by a wind energy facility. Gray shading represents blocks occupied 
by wind energy facilities, while unoccupied blocks are unshaded. 

Table 4-37. Probability of Encountering 0, 1, 2, or 3 Wind Energy Facilities, 
from the Binomial Model 

 

 
The expected number of encounters of flights that pass only through Missouri (i.e., terns moving 
either to or from Nebraska and Kansas) is the product of the number of flights and the 
appropriate probability from Table 4-37. Rounding to the nearest integer, of 97 flights (in a 
particular season), 91 are expected to encounter no wind energy facility, six are expected to 
encounter exactly one facility, and none are expected to encounter two or more facilities. 

For flights through both states, there are multiple possible outcomes; for instance, a flight could 
encounter one facility in Iowa and one facility in Missouri. Table 4-38 shows the joint 

Number of Wind 
Facilities 

Probability 
Iowa Missouri 

0 0.5510 0.9406 
1 0.3305 0.0577 
2 0.0970 0.0017 
3 0.0186 0.0000 
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probabilities of these outcomes which, assuming independence, are calculated as products of the 
two probabilities. Table 4-39 shows the number of expected encounters given a migratory 
population of 42 interior least terns, after rounding to the nearest integer. For instance, 22 birds 
are expected to encounter no wind energy facilities in either state, 13 birds are expected to 
encounter one wind facility, and four birds are expected to encounter two facilities, and one bird 
is expected to encounter three facilities. 

Table 4-38. Joint Probabilities of Encountering Wind Energy Facilities 
in Iowa and Missouri 

 Wind Energy Facilities in Missouri 
0 1 2 

Wind energy 
facilities in 
Iowa 

0 0.5183 0.0318 0.0009 
1 0.3108 0.0191 0.0006 
2 0.0912 0.0056 0.0002 
3 0.0175 0.0011 0.0000 

 
Table 4-39. Numbers of Expected Wind Project Encounters for Interior 

Least Terns Flying through Both Iowa and Missouri 
 Wind Energy Facilities in Missouri 

0 1 2 

Wind energy 
facilities in 
Iowa 

0 22 1 0 
1 13 1 0 
2 4 0 0 
3 1 0 0 

 
The analysis assumed that the probabilities of encountering two or more facilities are 
independent; however, this is not true because encounters with any facility could be 
accompanied by fatality due to collision, which would alter the chance of encountering any 
subsequent facilities; however, if the overall probability of collision is very small whenever a 
facility is encountered, then the effect of dependence on encounter rate is correspondingly small 
and can be disregarded. As described below, overall collision probabilities are likely to be very 
low. 

Collision Risk 

For interior least terns that encounter a wind energy facility, their ultimate outcome can be 
decomposed into several sequential stages, each with independent outcome. At the first stage, the 
entire wind facility may be either avoided or not. Avoidance may entail flight either above or 
around the facility. If the facility is not avoided, we assume that the flight continues on a straight 
path through the facility. As described above, all tern flights are assumed to be at or below 
turbine height. At the second stage, any given flight will then either encounter a wind turbine or 
not. A simple approach for determining probability of encountering a turbine is based on relative 
area “occupied” by turbines (see Figure 4-9). That is, the total frontal area of the facility depends 
on the width of the facility and the turbine height, while calculation of turbine area treats the 
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rotors as solid discs and, in the worst case, assumes flight and wind directions are the same 
(turbine area is maximal). At the third stage, when a bird encounters a turbine, the bird may 
actively avoid the rotor or not. The model assumes that the stationary structures (tower and 
nacelle) are always avoided; this assumption is consistent with other collision risk models 
(e.g., Band 2012). Finally, at the last stage, if the rotor is not avoided, the bird will attempt to fly 
through the rotor, and it will either do so successfully or it will collide with a rotating blade. The 
probability of collision for flight through the rotor-swept area is based on the Tucker (1996) 
model. 

 
Figure 4-9. Example of Simple Wind Turbine Layout and Relative Area Occupied 

by Turbines 

Based on the model description above, the overall probability of collision, PC, can be calculated 
as PC = (1 – Pa,wp) × Pe,t × (1 – Pa,t) × PT, where Pa,wp is the probability of avoiding wind energy 
facilities that have been encountered, Pe,t is the probability of encountering a turbine, Pa,t is the 
probability of avoiding wind turbines that have been encountered, and PT is the Tucker model 
probability of colliding with an active rotor. 

Avoidance probabilities for terns are not known, though studies of other species provide 
evidence that avoidance of wind turbines is generally quite high. The following is a summary of 
studies of avoidance of wind farms and wind turbines by birds. Kahlert et al. (2004) conducted a 
5-year study in both spring and fall, using visual and radar surveys. Comparison of pre- and 
fatality data for waterfowl, gulls, and other water birds showed that the percentage of flocks 
entering a wind energy facility area decreased by a factor of 4.5 (78 percent) suggesting high 
level of facility avoidance. Desholm and Kahlert (2005) also documented active avoidance of 
turbines by waterbirds, primarily common eiders and geese using radar at an offshore facility in 
the Baltic Sea in Denmark. Based on observed distances from the nearest turbines within a 
facility, avoidance of both the entire facility and individual wind turbines was suggested. Fewer 
birds flew close to turbines, more flew far from turbines, and distribution of distances departed 
significantly from uniform. During day, birds flew closer to turbines than at night. Petersen et al. 
(2006), from both visual and radar surveys over a 3-year period, concluded a facility avoidance 
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value of 71 to 86 percent, based on data reporting that only a small percentage of tracks entered 
the facility (14 to 22 percent). The majority of the tracks changed their orientation and passed 
around the facility 400 to 1000 m from wind turbines. They predicted with 95 percent certainty 
that out of 235,000 eiders passing through the facility area, 0.018 to 0.020 percent would collide 
with all turbines in a single autumn (41 to 48 individuals).  

Day (pers. comm.) used night-vision methods to study flight behavior of shearwaters and petrels 
near transmission lines on Kauai from 1993 to 2005. In summary, those data suggest that the 
behavioral-avoidance rate of Hawaiian petrels and Newell’s shearwaters near transmission lines 
is high. For example, of 207 Hawaiian petrels observed flying within 150 m of transmission lines 
on Kauai, 40 exhibited behavioral responses; of those 40 birds that exhibited collision-avoidance 
responses, none collided with a transmission line. Thus, the collision-avoidance rate for 
Hawaiian petrels was 100 percent (i.e., 40 of 40 interactions resulted in collision avoidance). Of 
392 Newell’s shearwaters observed flying within 150 m of transmission lines, 29 exhibited 
behavioral responses; of those 29 birds that exhibited collision-avoidance responses, none 
collided with a transmission line. However, one Newell's shearwater that did not exhibit a 
collision-avoidance response hit a transmission line. Thus, the collision-avoidance rate for 
Newell’s shearwaters was 97 percent (i.e., 29 of 30 interactions resulted in successful collision 
avoidance). Behavior of petrels was studied as they approached large communication towers 
near the breeding colony on Lanai. In that study, all 26 (100 percent) of the Hawaiian petrels that 
were on a collision-course toward communication towers exhibited avoidance behavior and 
avoided collision.  

Other data that might provide insights about collision-avoidance behavior of petrels and 
shearwaters at facility structures (i.e., meteorological towers and wind turbines) are available 
from other studies associated with the operational Kaheawa Wind Power Phase I wind energy 
facility on Maui. At that site, one Hawaiian petrel fatality and no Newell’s shearwater fatalities 
were recorded at the 20 turbines and three meteorological towers in the first 33 months of 
operation (FirstWind 2008, unpublished data). Calculations that used data for scavenging bias 
and searcher efficiency collected at this wind energy facility suggest that the one observed 
fatality equates to a corrected take of approximately 1.2 Hawaiian petrels/year and 0 Newell’s 
shearwaters/year (R. Day pers. comm.). Cooper and Day (2004a) modeled seabird fatality for the 
Kaheawa Wind Power Phase I wind turbines, based on movement rates from radar studies at the 
site (Day and Cooper 1999; Cooper and Day 2004a, 2004b), and estimated that the combined 
annual fatality of Hawaiian petrels and Newell’s shearwaters at the facilities’ turbines would be 
approximately 3 to 18 birds/year with a 50 percent avoidance rate, approximately 1 to 2 
birds/year with a 95 percent avoidance rate, and less than 1 bird/year with a 99 percent avoidance 
rate. Thus, the fatality model that used a 95 percent avoidance value was a closer fit with the 
measured fatality rates than was the fatality model that used a 50 percent or a 99 percent 
avoidance rate.  

Smales (2005) summarized species and avoidance rates from several studies. In this summary, 
specific avoidance rates (i.e. observations of birds passing through a turbine array, but showing 
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active avoidance of collisions) were estimated. Percival (1998) documented 100 percent active 
avoidance of collisions of barnacle, greylag and white-fronted geese in Sweden. Meredith et al. 
(2002) observed 100 percent active avoidance by a range of species including common starling, 
straw-necked ibis, Australian magpie, Australian raven, little raven, European goldfinch, white-
fronted chat, skylark, black-shouldered kite, brown goshawk, Richards pipit, magpielark, 
Nankeen kestrel, white-faced heron, brown songlark, swamp harrier, brown falcon, collared 
sparrowhawk, egret sp., and white ibis. Winkelman (1992) documented 99 percent active 
avoidance of migrating birds in Holland with both diurnal and nocturnal data. Everaert et al. 
(2002) in Langston and Pullan (2002) estimated 99.9 percent avoidance rate of gulls in Belgium 
and 99.8 percent for common Terns. Winkelman (1992 and 1994) observed 97.5 percent active 
avoidance of waterfowl and waders in Holland.  

In Smales (2005), other studies calculated avoidance rates by comparing fatalities with measured 
utilization rates. They are similar to survival rates of birds passing through the facility, but they 
give an indirect estimate of avoidance. Mossop (1997) estimated both waterfowl and raptors had 
a 100 percent survival rate in Yukon Canada. Meredith et al. (2002) estimated 99 percent 
survival for Australian magpie and skylark in Codrington, Victoria. Percival (2001) estimated 99 
percent survival for waterfowl, waders and cormorants in the United Kingdom.  

It is reasonable to conclude that an avoidance rate of 99 percent or greater is typical for daylight 
and normal weather based on data from other facilities. The only measured avoidance rate of 
nocturnal flights is 87 percent (Winkelman 1990 in Smales 2005).  

For this analysis, avoidance probabilities for both wind energy facilities and individual turbines 
were assumed to be 0.75, which is likely conservative, based on review of literature for other 
bird species. That leads to a combined avoidance probability of 1 – (1 – 0.75) × (1 – 0.75) = 
0.9375. 

As described above, the probability of encountering a turbine can be determined from relative 
area, though the area presented by rotors depends on the angular difference between wind 
direction and bird flight direction. Simulations were conducted that allowed both to vary 
independently but were designed such that the angular difference between bird and wind 
directions was likely to be small. For a typical square wind energy facility of 300 MW, 
comprised of 100 3-MW turbines, encounter probability was 0.34; that is, on average, 34 percent 
of tern flights through such a wind energy facility would encounter a wind turbine. 

Under the Tucker (1996) model for bird flight through active wind turbine rotors, the probability 
of collision depends on rotor size and rotational velocity, which is a function of wind speed, bird 
size and flight speed, the angular difference between bird flight direction and wind direction, and 
the bird’s point of entry into the rotor disc. Mean collision probabilities were calculated for the 
entire rotor disc under the following set of assumptions. The modeled wind turbine was a Vestas 
V112 3-MW model with a 112 meter rotor diameter and rated velocity of 12.8 revolutions per 
minute, though rotational velocity was not strictly fixed, but varied according to wind speed. 
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Terns had body length of 22 centimeters (cm) and wing span of 51 cm (Thompson et al. 1997) 
and average airspeed of 11 meters/second (m/s) (typical of roseate terns [Hatch and Brault 2007] 
and Arctic terns [Alerstam et al. 2007]). Average wind speed was 8.8 m/s (which would lead to 
rotational velocity equal to the turbine design’s rated velocity). Collision probabilities generally 
ranged from 0.01 (e.g., downwind flight at high airspeed) to 0.10 (e.g., upwind flight at low 
airspeed). In the following a typical collision probability of 0.05 for tern flights through the rotor 
is assumed based on these results from the Tucker model. 

Combining the above estimates, the overall collision probability (PC) for a tern that has 
encountered the wind energy facility was calculated as: 

PC = (1 – Pa,wp) × Pe,t × (1 – Pa,t) × PT = (1 – 0.75) × 0.34 × (1 – 0.75) × 0.05 = 0.0011 

Combining the expected numbers of encounters with new wind energy facilities (from the 
preceding section) and overall collision probability yields the expected numbers of fatalities. For 
flights passing only through Missouri to and from Kansas and Nebraska, there were six expected 
encounters per season. Thus, the expected number of fatalities per season is 6 × 0.0011 = 0.0066, 
or 0.0132 per year. For flights passing through both Iowa and Missouri, 14 birds were expected 
to encounter exactly one facility, five birds were expected to encounter exactly two facilities, and 
one bird was expected to encounter exactly three facilities. Treating encounters with multiple 
facilities as independent events, the total number of expected fatalities is 0.0275 ([14 × 0.0011] + 
[4 × 2 × 0.0011] + [1 × 3 × 0.0011] = 0.0275), or 0.0550 per year. Total annual fatalities are then 
0.187 (0.0132 + 0.0550 = 0.187) for build-out of new wind energy facilities. This is equivalent to 
1 interior least tern every 5.3 years associated with the 7,836 MW of build-out within Missouri 
and Iowa, or approximately 9 interior least terns over the 45-year term of the MWE. 

For calculating interior least tern wind turbine collision fatalities at existing wind energy 
facilities (i.e., baseline), it is assumed that fatalities per MW are equal for baseline and build-out 
facilities. Baseline facilities in Missouri and Iowa represent 6,435 MW, or 82 percent of the 
projected build-out of new wind energy facilities in the two states. Therefore, over the term of 
the MWE, an additional 8 interior least tern fatalities (0.82 × 9 = 7.4 ≈ 8) are expected to occur 
due to collisions with wind turbines at existing facilities. 

4.7.1.2.2 Collision with Meteorological Towers  

While the risk of interior least terns colliding with meteorological towers and associated guy 
wires is unknown, because meteorological towers (and associated guy wires) are tall structures 
known to pose a collision risk, it is assumed they potentially pose a similar collision risk as 
turbines for interior least tern. The risk of collision with permanent and temporary 
meteorological towers within wind energy facilities are not considered additive or 
distinguishable from risk of collision with a turbine blade or tower and are considered part of the 
above take estimate for turbines. Furthermore, there are relatively few meteorological towers in 
comparison to turbines and provided permanent meteorological towers are free-standing, 
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collision risk with guy wires is eliminated. AMM GEN8 requires that meteorological towers be 
free standing without guywires (see Section 5.1.3.1.2). The overall risk for collision with guyed 
temporary meteorological towers over the 45-year term of the MWE is expected to be low 
because they must be removed within 1 year of their construction. 

4.7.1.2.3 Collision with Connector Lines 

In general, collision with electric lines is not considered a significant risk to interior least terns. 
Faanes (1987) searched 6 miles (9.6 km) of power lines in North Dakota in the spring and fall of 
1977 and 1978. Based on a total of 633 dead birds found, he estimated that 200 avian fatalities 
per mile per year (125 birds/km/year) were occurring at those sites. The power lines included in 
the study were located near wetlands or lakes and most of the fatalities consisted of waterbirds 
(46 percent) and waterfowl (26 percent), followed by shorebirds (8 percent) and passerines 
(5 percent). No interior least tern fatalities were reported during the study. Recently, a 3-year 
study (2006-2008) was conducted on a 2.5 mile segment of power lines between Audubon 
National Wildlife Refuge and Lake Sakakawea in North Dakota (Sporer et al. 2013). This study 
documented 1,167 avian fatalities that were determined to be the result of colliding with the 
power lines, of which seven terns (6 black terns, 1 unknown) were documented. Because the 
power line that was studied is located on a causeway between two lakes, it is suggested that 
fatalities were actually higher as many fatalities could not be retrieved or went undetected as a 
result of landing in either lake where searches were not conducted (Sporer et al. 2013). Where 
wind facility connector lines span interior least tern breeding or foraging habitat, the risk of 
collision may be greater, but this condition will not occur under Covered Activities in the Plan 
Area. The risk of collision with power lines within wind energy facilities are not considered 
additive or distinguishable from risk of collision with a turbine blade or tower and are considered 
part of the above take estimate for turbines. 

The direct impact resulting from interior least tern collision with new connector lines was 
estimated using a conservative approach. Using the results presented in Faanes (1987) and 
provided by Sporer et al. (2012) and assuming interior least tern have similar risk as the other 
tern species recorded, the following method was used to estimate the direct impact from 
connector lines. Assuming 125 bird fatalities/km/year occur and terns represent one percent, then 
an estimated one tern fatality/km/year would occur. Interior least tern fatalities would be some 
unknown fraction of the one tern fatality/km/year, but based on the existing data from wind 
facilities and the study of power line collisions (e.g., Faanes 1987), which have documented zero 
interior least tern collision fatalities (Sporer et al. 2013), this fraction is expected to be small. 
Therefore, the risk for interior least tern collisions with connector lines is considered to be 
negligible, such that no take of individuals is expected from connecter line collisions.  
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4.7.2 Indirect Impacts 

Indirect impacts on interior least tern resulting from implementation of Covered Activities may 
include loss of available habitat or habitat suitability due to displacement from habitat caused by 
the presence of wind turbines, construction activity, and human disturbance.  

The current breeding distribution of interior least tern in the Plan Area is limited to southeastern 
Missouri, southern Illinois and Indiana along the Mississippi, Ohio, and Wabash Rivers, and the 
western edge of Iowa along the Missouri River. These areas are not included in the Covered 
Lands, therefore, no indirect impacts from the Covered Activities on interior least tern are 
anticipated during the breeding season and no indirect impacts are anticipated during migration.  

4.7.3 Overall Take Estimate 

As described in Section 4.7.1, implementation of the Covered Activities could result in take of 
interior least tern associated with individuals colliding with wind turbine blades. As described in 
Section 4.7.2, the Covered Activities are not expected to result in indirect impacts on interior 
least tern.  

The estimated take of interior least tern associated with the full build-out of 7,836 MW in 
Missouri and Iowa is 9 individuals over the term of the MWE. The estimated take of interior 
least terns associated with the baseline generation of 6,435 MW in Missouri and Iowa is 8 
individuals over the term of the MWE.  

4.7.4 Effects on Designated Critical Habitat 

Critical habitat has not been designated for interior least tern; therefore, no impacts on critical 
habitat will result from Covered Activities. 

4.7.5 Impact of Take 

The estimated total take of interior least tern over the 45-year term of the MWE is 9 interior least 
terns with full build-out of 7,835 MW in Missouri and Iowa (on average, 0.0.187 individuals 
annually over the term of the MWE). The estimated population size of the interior least tern 
population size is 17,591individuals (Lott 2006). Based on this population estimate, the loss of 9 
individuals represents an annualized take of 0.001 percent of the population over the term of the 
MWE, a rate that is unlikely to result in the Covered Activities changing the baseline rate of 
annual mortality and reproduction.  

Unlike the covered bat species, take of interior least tern with implementation of the AMMs by 
existing wind energy facilities is not expected to decrease the baseline level of take estimated for 
existing wind energy facilities. Consequently, the impacts of take associated with participating 
existing wind energy facilities will not change from baseline conditions. 
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4.8 PIPING PLOVER 

This section provides the methods and results of the analysis of impacts of Covered Activities on 
piping plover, including descriptions of direct and indirect impacts, overall predicted level of 
take, and the biological effects of the take on the species. 

4.8.1 Direct Impacts 

This section describes the mechanisms that could result in take of piping plover that are 
reasonably certain to result from implementation of the Covered Activities described in 
Chapter 2. 

4.8.1.1 Construction and Decommissioning 

The piping plover’s current breeding distribution in the Plan Area is limited primarily to the 
Great Lakes population which breeds along the shores of Lake Superior, Lake Michigan, and 
Lake Huron. In addition, a very small portion of the Northern Great Plains breeding population 
occurs in Iowa and Minnesota. During International piping plover censuses conducted since 
1991, four to seven pairs of piping plovers were documented to have nested annually in extreme 
western Iowa, although there are no recovery goals for the State of Iowa (USFWS 2009b). 
Criteria for the identification of the Covered Lands excluded all lands within 3 miles of the 
shores of the Great Lakes, within 1 mile of major rivers, and within 1 mile from shores of large 
lakes in Minnesota (including the Lake of the Woods). As such, all breeding habitat for piping 
plover is likely to be outside of the Covered Lands. Assuming no wind energy facilities are 
constructed within one mile of piping plover nesting areas, no direct impacts on breeding piping 
plovers from construction and decommissioning are anticipated during the summer months. In 
addition, it is not anticipated that construction or decommissioning efforts will have any direct 
impact on migrating piping plovers and therefore these activities will not result in take of piping 
plover.  

4.8.1.2 Operations and Maintenance 

This section describes the potential impacts on piping plover from operations and maintenance 
during the piping plover’s spring and fall migratory periods. Piping plover’s current breeding 
distribution is extremely limited in the Plan Area, and generally only found along the shores of 
Lake Superior, Lake Michigan, and Lake Huron, in addition to four to seven pairs of piping 
plovers that have nested annually in extreme western Iowa. The Covered Lands do not include 
areas within 3 miles of Great Lakes shorelines, within 1 mile of large lakes in Minnesota 
(including Lake of the Woods), and within 1 mile of major river corridors. Therefore, no direct 
impacts from operations and maintenance are anticipated on breeding habitat or piping plovers 
during the breeding season. Should breeding piping plovers be found in the Covered Lands, the 
changed circumstance response described in Section 8.4.7, will be applied. The potential for take 



Take Assessment and Impact of Take Chapter 4 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 4-104 

to occur during migratory activity may not be fully avoided. The analysis provided in this section 
is relevant to the spring and fall migratory periods. 

In addition to the Great Lakes population of piping plovers and 4 to 7 pairs of Northern Great 
Plains population piping plovers in western Iowa and Lake of the Woods in Minnesota that breed 
within and migrate through the Plan Area, some of the piping plovers from the U.S. Northern 
Great Plains portion of the Northern Great Plains Population (eastern Montana, North and South 
Dakota, Nebraska), as well as those from the Prairie Canada portion of the population (Alberta, 
Saskatachewan, Manitoba, Ontario), winter along the Atlantic and Gulf Coasts from Louisiana to 
Florida (Figure 3-12). These piping plovers likely traverse portions of the Plan Area during 
spring and fall migration. For the purpose of this assessment, it is assumed that a portion of the 
Northern Great Plains, the Prairie Canada breeding populations, and all of the Great Lakes 
breeding population of piping plovers traverse the Plan Area during either spring or fall 
migration (see Section 4.8.1.2.1).  

As of 2006, the total wild population of piping plovers was estimated at 8,092, with 5,923 in the 
U.S., 2,161 in Canada, and eight in France (Elliot-Smith et al. 2009). Of the estimated 5,923 
adults in the U.S., 2,855 were in the Atlantic Coast region, 110 were in the Great Lakes, and 
2,959 were in the Northern Great Plains (Elliot-Smith et al. 2009). Of the 2,161 birds in Canada, 
1,703 were in the prairie region and 458 were in the eastern provinces. 

Direct impacts on piping plover that may result from implementation of Covered Activities are 
collisions with wind energy facility structures during migration as they pass through the Plan 
Area, including turbines, meteorological towers (including associated guy wires), and connector 
lines from wind energy facilities to transmission lines.  

4.8.1.2.1 Collision with Operating Turbines 

Knowledge regarding the migratory routes and flight characteristics is incomplete for the piping 
plover (Elliott-Smith and Haig 2004). For this take assessment a review of existing mortality 
studies throughout North America was used to estimate the likelihood of piping plover exposure 
to turbines. Based on publicly available mortality studies, shorebirds do not appear to be at great 
risk of colliding with wind turbines or communication towers. Public data collected to date at 
wind energy facilities in North America, as described here, support that conclusion. Erickson et 
al. (2001) summarized all publicly available avian fatality data from nine wind energy facilities 
located throughout the U.S., including the older facilities in California (e.g., Altamont Pass, 
Tehachapi, San Gorgonio). Based on this analysis, only one shorebird fatality (0.1 percent) 
occurred among the 1,036 documented fatalities. More recently, several regional summaries of 
avian fatalities at wind energy facilities have found that shorebirds are rarely killed by turbine 
strikes at modern wind energy facilities. Johnson and Stephens (2011) summarized avian 
mortality data from fatality monitoring studies conducted at 21 modern wind energy facilities in 
western North America and found that shorebirds accounted for only three of 1,247 documented 
fatalities (0.2 percent). An evaluation of avian fatalities documented at wind energy facilities in 
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the Columbia Plateau Ecoregion of eastern Washington and Oregon found that only two of 1,183 
documented bird fatalities (0.2 percent) were shorebirds (Johnson and Erickson 2011). 

A review of a database maintained by WEST that contains avian fatality data from publicly 
available monitoring studies of modern wind energy facilities (116 studies) throughout North 
America was conducted to investigate the percent composition of avian fatalities likely to be 
shorebirds (WEST, Inc. unpublished database, queried 8/16/2012; see Appendix D). The studies 
reviewed all generally employed standardized methods for estimating avian impacts and 
consisted of a fairly good representation across the U.S. and Canada. These studies recorded 
fatalities for 4,748 birds, of which no piping plover fatalities were documented. A total of 68 
shorebird fatalities was recorded, which equates to approximately 1.4 of all fatalities (Table 
4-40).20 The only plover species recorded as a fatality in these 94 studies was the killdeer 
(Charadrius vociferous) which comprised 35 of the 68 (51 percent) shorebird fatalities or 
roughly 0.7 percent of all avian fatalities documented in the studies (Table 4-40). 

Table 4-40. Composition of Shorebird Fatalities at Wind Energy Facilities 
Based on Existing Literature 

Species Individuals 
Found 

Percent of 
Shorebirds 

Percent of 
All Fatalities 

Killdeer Charadrius vociferus 35 51.5 0.7 
American woodcock Scolopax minor 11 16.2 0.2 
Wilson's snipe Gallinago delicata 9 13.2 0.2 
upland sandpiper Bartramia longicauda 4 5.9 0.0.1 
unidentified shorebird  3 4.4 0.1 
unidentified sandpiper  1 1.5 0.0 
unidentified dowitcher  1 1.5 0.0 
short-billed dowitcher Limnodromus griseus 1 1.5 0.0 
semipalmated sandpiper Calidris pusilla 1 1.5 0.0 
long-billed curlew Numenius americanus 1 1.5 0.0 
dunlin Calidris alpina 1 1.5 0.0 
Totals 

 
68 100.0 1.4 

 
Unlike piping plover, killdeer often occupy areas away from permanent water bodies, and 
commonly forage and nest in uplands removed from permanent sources of water (Jackson and 
Jackson 2000). This behavior potentially results in greater exposure to turbine collisions for 
killdeer than other species of shorebirds, such as piping plover, that nest and forage primarily 
along the shorelines of water bodies. The other two species of shorebird most often found as 
turbine fatalities, American woodcock (Scolopax minor) and upland sandpiper (Bartramia 
longicauda), are also primarily inhabitants of uplands (Keppie and Whiting 1994). Wilson’s 
snipe (Gallinago delicate), with nine fatalities, also do not regularly occur along shorelines, but 

                                                 
20 The 1.4 percent shorebird component of the recorded fatalities represents relative fatality risk (i.e., shorebird risk 
relative to risk of fatality experienced by all birds) and not absolute risk. That is, it cannot be inferred that 1.4 
percent of shorebirds that pass through a wind energy facility are at risk of turbine collision. Similarly, it cannot be 
inferred that 1.4 percent of piping plovers (or any other shorebird species) are at risk of turbine collision. 
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are most often found in vegetated wetlands (Mueller 1999). The only shorebird fatalities that 
have similar habits as piping plover, in terms of their preference for inhabiting shorelines of 
water bodies, are the dowitcher (Limnodromus spp.), semipalmated sandpiper (Calidris pusilla), 
and an unidentified sandpiper, represented by one fatality each. Because only a maximum of 
eight shorebird species out of the approximately 50 shorebird species that regularly occur in 
North America have been found as turbine fatalities, it also does not appear that migrating 
shorebirds are highly susceptible to turbine collision. Otherwise, it could be expected that many 
species of shorebirds would likely have been documented as turbine fatalities. Based on the 
dominance of shorebird species that tend to occur in upland habitats among the turbine fatalities, 
some of the fatalities were likely of breeding birds that occupy upland habitats in close proximity 
to wind energy development areas.  

Marine radar studies of nocturnal migration published since 1995 provide a reasonable depiction 
of avian migration characteristics. Fifty fall radar studies were reviewed, of which 46 were 
conducted in the northeast and four in the northwest. Thirty-four spring radar studies were 
reviewed, of which 29 were conducted in the northeast and five in the northwest. The majority of 
these studies used X-band radar transmitting at small wavelengths (to detect small targets), 
utilizing both horizontal and vertical sampling methods, surveying areas of 1.4 to 1.5 km 
(approximately 0.75 nautical miles). Data collection was primarily observer-based (either real-
time or post-processing from video). There was no automation of target decision or detection, 
and no modeling of flight characteristics or altitudes.  

Several important assumptions are made by incorporating the results of the radar studies into this 
analysis. For example, it is assumed that a target may be one or more migrating birds and that 
insect and other non-avian targets can be removed from the data set and screened with either 
radar data or observer criteria (Cooper 1996). However, bats are not distinguishable from birds 
and may represent an unknown proportion of total radar targets. It is assumed that the birds have 
the same flight height during migration in the central U.S. (where there have been far fewer radar 
studies) as in the northeast and northwest. Additionally, it is assumed that the primary zone of 
risk posed by modern turbines is from 0 to 150 m above ground level (agl).  

Little is known about piping plover migration characteristics, including flight height (Pompei 
and Cuthbert 2005; Stucker and Cuthbert 2006), however, wind energy avian fatality studies 
have not recorded any piping plovers and only a low percentage of shorebirds. This may indicate 
that shorebirds and piping plovers do not fly at altitudes which put them at greater risk than other 
birds. Thus, this take assessment used the conservative assumption that migrating piping plovers 
are equally distributed along the vertical gradient for all birds. The assumption could have been 
made that all piping plovers fly at the same vertical height, however without data or knowledge 
to assist in the selection of the flight height, the analysis could place 100 percent of the piping 
plover within the primary zone of risk (0 to 150 m agl) resulting in 100 percent exposure to risk, 
or higher or lower than the primary zone of risk resulting in no exposure and no risk. Assuming 
piping plover are equally distributed along the vertical gradient for all birds would provide a 
reasonable expectation for the potential of risk in the absence of data. 
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A review of radar study data from publicly available monitoring studies of modern wind energy 
facilities throughout North America was performed to provide information on the vertical 
distribution of nocturnal migrating birds. Based on data from 50 fall radar studies, a mean 
9.5 percent of targets fly below 150 m during the fall migration. Similarly based on data from 
34 spring radar studies, 13.9 percent of targets fly below 150 m during the spring migration. The 
overall mean flight height for the fall and spring seasons from all the studies were 400 m agl and 
387 m agl, respectively, which is well above the height of modern turbines (Young and Erickson 
2006; Tidhar 2010a). 

This take assessment used the assumption that migrating piping plovers follow these observed 
flight height distributions. That is, 9.5 percent of fall migrants and 13.9 percent of spring 
migrants will be flying at low altitudes, below 150 m. Furthermore, it was assumed that the 
remaining piping plovers, collectively referred to as “high altitude” migrants, will make regular 
stopovers every 200 miles in which they will descend to the ground, rest for a period, and then 
re-ascend and resume high altitude flight. Thus, high altitude migrants will be at risk during 
descent and ascent. 

A collision risk modeling approach was used to estimate take of piping plover associated with 
collisions with wind turbine blades. A two-stage process was used:  

1. Rate at which migrating birds encounter wind facilities.  

2. Outcome of the encounters, including the possibility of collision with wind turbines.  

In general, particularly in instances where data is lacking, selected modeling assumptions were 
designed to be conservative (i.e., results of the modeling are likely to overestimate take of piping 
plover). For this assessment, it is necessary to determine an estimate of how many piping plovers 
will migrate through the Plan Area. A 5-year review for piping plover was prepared by the 
USFWS in 2009 (USFWS 2009b) and represents the best available information regarding a 
current total population assessment (C. Aron pers. comm.). The 5-year review provides total 
population data from the International Piping Plover Census (IPPC) conducted in 2006 and states 
the IPPC provides more complete coverage of breeding habitat than the annual surveys (Elliott-
Smith et al. 2009). Thus, the results of the IPPC were considered for this assessment which 
totaled 8,092 piping plovers for the three distinct population segments. 

Based on the winter distribution analysis in Gratto-Trevor et al. (2009), it is assumed that 40 
percent of both the Prairie Canada and the U.S. Northern Great Plains piping plovers winter 
along either the Gulf Coast (from Louisiana eastward to Florida) or, to a lesser extent, the 
Atlantic Coast (Florida to North Carolina) and thus travel through some portion of the Plan Area 
(see Figure 4-10). Similarly, it is assumed that 100 percent of the Great Lakes piping plovers 
winter along either the Atlantic Coast or, to a lesser extent, the Gulf Coast and also travel 
through a portion of the Plan Area. Based on the population analysis in the USFWS’s 5-year 
review (Elliott-Smith et al. 2009; USFWS 2009b) of the piping plover (see Table 4-41) this 
would equate to approximately 1,976 individuals: 1,866 from the Northern Great Plains 
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Population (40 percent of 4,662 individuals)21 and 110 individuals from the Great Lakes 
population (100 percent of 110). Further, based on radar studies as described above (see Section 
4.7.1.2.1), it is assumed that 9.5 percent of fall migrants will be regularly flying within turbine 
heights (at or below 150 m), and that 13.9 percent of spring migrants will be flying within 
turbine heights. 

Table 4-41. International Piping Plover Breeding Census for 2006 
Distinct Population Segment Adults Breeding Pairs 

Atlantic Coast 3,320 1,588 
Great Lakes 110 49 
Northern Great Plains 4,662 1,879 
Prairie Canada 1,703 666 
U.S. Northern Great Plains 2,959 1,213 
Minnesota 4 2 
Montana 130 46 
North Dakota 1,508 646 
South Dakota 375 171 
Nebraska 909 341 
Iowa 9 4 
Kansas 4 2 
Colorado 20 8 
TOTAL 8,092 3,516 
Source: Elliot-Smith et al. 2009 

 

Build-Out Assumptions 

Based on results of the build-out model (Appendix B), the build-out of new wind energy 
facilities are expected to occupy 8,011 km2, or 0.83 percent, of the 963,528 km2 of the Covered 
Lands. The build-out model also assumes that the typical new facility will have energy capacity 
of 300 MW, occupy 72 km2, and will have a square shape. Thus, a typical facility will measure 
approximately 8.5 km on each side of the square. While the build-out model places facilities on 
the landscape according to wind energy development potential, here, it is assumed that new 
facilities will occupy Covered Lands within each state following a random uniform distribution. 

                                                 
21 Comprised of 682 individuals (40 percent of 1,703) from the Prairie Canada and 1,184 individuals of the US Northern Great 
Plains portion of the population (40 percent of 2,959). 
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Figure 4-10. Piping Plover Breeding Population Distribution in the Wintering 
Range along the Gulf and Atlantic Coasts (Reproduced from Gratto-Trevor et al. 

2009) 

Binomial Model for Exposure to Wind Facilities 

The exposure model represents flight as a straight line that crosses a series of blocks, each the 
same size as a wind energy facility (i.e., 8.5 km on a side; Figure 4-8). The take assessment uses 
the conservative assumption that migrants from the U.S. Northern Great Plains and Prairie 
Canada breeding populations cross 850 miles (1,368 km) of the Plan Area (roughly the distance 
from northwestern Minnesota to either southwestern Missouri, southern Indiana, or southeastern 
Ohio). Similarly, migrants from the Great Lakes breeding population would cross approximately 
600 miles (966 km) of the Plan Area (the distance from northern Wisconsin, the approximate 
center of the breeding distribution, to either southern Missouri or southeastern Ohio). For low 
altitude migrants at continuous risk of exposure, these distances are equivalent to 161 blocks (≈ 
1,368/8.5) for Great Plains and Prairie Canada birds, and 114 blocks (≈ 966/8.5) for Great Lakes 
birds. For high altitude migrants, risk of exposure occurs only during stopover descent and 
subsequent ascent, assumed to occur every 200 miles. Assuming that descent and ascent occur 
within one block, Great Plains and Prairie Canada birds, which make 4 stopovers (≈ 850 miles / 
200 miles), have exposure risk equivalent to 4 blocks. Similarly Great Lakes birds have exposure 
risk equivalent to 3 blocks (600 miles / 200 miles = 3 stopovers). Regarding distance between 
stopovers, 200 miles is likely an underestimate and thus conservative. Haig (1992) asserts that 
fall migration is probably non-stop (see also, USFWS 2003b). Otherwise, confirmed stopover 
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locations tend to be along rivers and at reservoirs (Pompei 2004); the former are outside of the 
Covered Lands and the latter are unlikely locations for build-out. Furthermore, these stopovers 
tend to be one day or less in length (Pompei 2004). 

Each block was assumed to have independent Bernoulli probability of being occupied by a wind 
energy facility and, given the proportionate area of the build-out of new wind energy facilities in 
the Plan Area, the corresponding Bernoulli probability is p = 0.0083. Putting these components 
together, the chance that a flight will encounter a particular number of wind energy facilities 
follows a binomial distribution that depends on the number of blocks crossed, n, and the 
probability, p, that an individual block is occupied by a wind energy facility. That is, the goal is 
to calculate the probability of encountering a particular number, x, of facilities using the binomial 
function: P(X = x|n,p). Table 4-42, shows the probabilities for x = 0, 1, 2, 3, 4, or 5. There is a 
chance of encountering larger numbers of facilities, but beyond 5, these probabilities are very 
small. 

Table 4-42. Probability of Encountering 0, 1, 2, 3, 4, or 5 New Wind Energy 
Facilities, from the Binomial Model 

Number of 
Wind 

Facilities 

Northern Great Plains and Prairie 
Canada Populations 

Great Lakes Population 

Low Altitude High Altitude Low Altitude High Altitude 
0 0.2614 0.9672 0.3867 0.9753 
1 0.3522 0.0324 0.3689 0.0235 
2 0.2358 0.0004 0.1745 0.0002 
3 0.1046 0.0000 0.0545 0.0000 
4 0.0346 0.0000 0.0127 0.0000 
5 0.0091 0.0000 0.0023 0.0000 

The expected number of encounters for Great Lakes Population of piping plovers is the product 
of the number of flights and the appropriate probability from Table 4-43. Rounding to the nearest 
integer, of 110 flights each season, 10 are expected to be at low altitude in the fall. Of these, four 
are expected to encounter no facilities, four are expected to encounter exactly one facility, and 
two are expected to encounter two or more facilities. Similar calculations yield the expected 
number of encounters for low altitude flights in spring, and for high altitude flights in both 
seasons (see Table 4-43). 

Table 4-43. Numbers of Expected Wind Energy Facility Encounters for Piping 
Plovers from the Great Lakes Breeding Population 

Number of 
Wind 

Facilities 

Fall Spring 
Low 

Altitude 
High 

Altitude Total Low 
Altitude 

High 
Altitude Total 

0 4 98 102 4 92 96 
1 4 2 6 5 3 8 
2 2 0 2 4 0 4 
3 0 0 0 2 0 2 
4 0 0 0 0 0 0 

Total 10 100 110 15 95 110 
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Flights from the U.S. Northern Great Plains and Prairie Canada Populations were first adjusted 
for the assumption that 40 percent of each population crosses the Plan Area. Thus, of the 
combined population of 4,662 piping plovers, 1,865 fly between the breeding grounds and 
wintering areas, primarily on the Gulf and Atlantic Coasts. Using the flight height distributions 
from radar studies, the numbers of birds regularly flying at low altitudes are 177 in the fall and 
259 in the spring. Otherwise, the numbers of expected encounters are calculated as for the Great 
Lakes population. However, there are more expected encounters both because the breeding 
population is larger and because the distance travelled across the Plan Area is greater (thus, 
binomial probabilities are greater). For instance, in the fall, 62 low altitude migrants and 55 high 
altitude migrants are expected to encounter exactly one facility (see Table 4-44). 

Table 4-44. Numbers of Expected Wind Energy Facilities Encounters for Piping 
Plovers from the Northern Great Plains and Prairie Canada Populations 

Number of 
Wind 

Facilities 

Fall Spring 
Low 

Altitude 
High 

Altitude Total Low 
Altitude 

High 
Altitude Total 

0 46 1632 1678 68 1553 1621 
1 62 55 117 91 52 143 
2 42 1 43 61 1 62 
3 19 0 19 27 0 27 
4 6 0 6 9 0 9 
5 2 0 2 3 0 3 

Total 177 1688 1865 259 1606 1865 
 
The analysis assumed that the probabilities of encountering two or more facilities are 
independent; however, this is not true because encounters with any facility could be 
accompanied by fatality due to collision, which would alter the chance of encountering any 
subsequent facilities; however, if the overall probability of collision is very small whenever a 
facility is encountered, then the effect of dependence on encounter rate is correspondingly small 
and can be disregarded. As described below, overall collision probabilities are likely to be very 
low. 

Collision Risk 

For piping plovers that encounter a wind energy facility, their ultimate outcome can be 
decomposed into several sequential stages, each with independent outcome. At the first stage, the 
entire wind energy facility may be either avoided or not. Avoidance may entail flight either 
above or around the facility. If the facility is not avoided, we assume that the flight continues on 
a straight path through the facility. At the second stage, any given flight will then either 
encounter a wind turbine or not. A simple approach for determining probability of encountering 
a turbine is based on relative area “occupied” by turbines (see Figure 4-9). That is, the total 
frontal area of the facility depends on the width of the facility and the turbine height, while 
calculation of turbine area treats the rotors as solid discs and, in the worst case, assumes flight 
and wind directions are the same (turbine area is maximal). At the third stage, when a bird 
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encounters a turbine, the bird may actively avoid the rotor or not. Stationary structures (tower 
and nacelle) are assumed to always be avoided; this assumption is consistent with other collision 
risk models (e.g., Band 2012). Finally, at the last stage, if the rotor is not avoided, the bird will 
attempt to fly through the rotor, and it will either do so successfully or it will collide with a 
rotating blade. The probability of collision for flight through the rotor-swept area is based on the 
Tucker (1996) model. 

Based on the model description above, the overall probability of collision, PC, can be calculated 
as PC = (1 – Pa,wp) × Pe,t × (1 – Pa,t) × PT, where Pa,wp is the probability of avoiding wind energy 
facilities that have been encountered, Pe,t is the probability of encountering a turbine, Pa,t is the 
probability of avoiding wind turbines that have been encountered, and PT is the Tucker model 
probability of colliding with an active rotor. 

Avoidance probabilities for plover are not known, though studies of other species provide 
evidence that avoidance of wind turbines is generally quite high. The following is a summary of 
studies of avoidance of wind farms and wind turbines by birds. Kahlert et al. (2004) conducted a 
5-year study in both spring and fall, using visual and radar surveys. Comparison of pre- and 
fatality data for waterfowl, gulls and other water birds showed that the percentage of flocks 
entering a wind energy facility area decreased by a factor of 4.5 (78 percent) suggesting a high 
level of facility avoidance. Desholm and Kahlert (2005) also documented active avoidance of 
turbines by waterbirds, primarily common eiders and geese using radar at an offshore facility in 
the Baltic Sea in Denmark. Based on observed distances from the nearest turbines within a 
facility, avoidance of both the entire facility and individual wind turbines was suggested. Fewer 
birds flew close to turbines, more flew far from turbines, and distribution of distances departed 
significantly from a uniform distribution. Birds flew closer to turbines during the day than at 
night (Petersen et al. 2006), from both visual and radar surveys over a 3-year period, concluded a 
facility avoidance value of 71 to 86 percent, based on data reporting that only a small percentage 
of tracks entered the facility (14 to 22 percent). The majority of the tracks changed their 
orientation and passed around the facility 400 to 1000 m from wind turbines. They predicted 
with 95 percent certainty that out of 235,000 eiders passing through the facility area, 0.018 to 
0.020 percent would collide with all turbines in the fall of a single year (41 to 48 individuals).  

R. Day (pers. comm.) used night-vision methods to study flight behavior of shearwaters and 
petrels near transmission lines on Kauai from 1993 to 2005. In summary, those data suggest that 
the behavioral-avoidance rate of Hawaiian petrels and Newell’s shearwaters near transmission 
lines is high. For example, across all 207 Hawaiian petrels observed flying within 150 m of 
transmission lines on Kauai, 40 exhibited behavioral responses; of those 40 birds that exhibited 
collision-avoidance responses, none (0 percent) collided with a transmission line. Thus, the 
collision-avoidance rate for Hawaiian petrels was 100 percent (i.e., 40 of 40 interactions resulted 
in collision avoidance). Across all 392 Newell’s shearwaters observed flying within 150 m of 
transmission lines, 29 exhibited behavioral responses; of those 29 birds that exhibited collision-
avoidance responses, none (0 percent) collided with a transmission line. However, one Newell's 
shearwater that did not exhibit a collision-avoidance response hit a transmission line. Thus, the 
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collision-avoidance rate for Newell’s shearwaters was 97 percent (i.e., 29 of 30 interactions 
resulted in successful collision avoidance). Behavior of petrels was studied as they approached 
large communication towers near the breeding colony on Lanai (Day unpublished data). In that 
study, all 26 (100 percent) of the Hawaiian petrels that were on a collision-course toward 
communication towers exhibited avoidance behavior and avoided collision.  

Other data that might provide insights about collision-avoidance behavior of petrels and 
shearwaters at facility structures (i.e., meteorological towers and wind turbines) are available 
from other studies associated with the operational Kaheawa Wind Power Phase I wind energy 
facility on Maui. At that site, one Hawaiian petrel fatality and no Newell’s shearwater fatalities 
were recorded at the 20 turbines and three meteorological towers in the first 33 months of 
operation (Day unpublished data). Calculations that used data for scavenging bias and searcher 
efficiency collected at this wind energy facility suggest that the one observed fatality equates to a 
corrected take of approximately 1.2 Hawaiian petrels/year and 0 Newell’s shearwaters/year (Day 
unpublished data). Cooper and Day (2004a) modeled seabird fatality for the Kaheawa Wind 
Power Phase I wind turbines, based on movement rates from radar studies at the site (Day and 
Cooper 1999; Cooper and Day 2004b), and estimated that the combined annual fatality of 
Hawaiian petrels and Newell’s shearwaters at the facilities’ turbines would be approximately 3 to 
18 birds/year with a 50 percent avoidance rate, approximately 1 to 2 birds/year with a 95 percent 
avoidance rate, and less than 1 bird/year with a 99 percent avoidance rate. Thus, the fatality 
model that used a 95 percent avoidance value was a closer fit with the measured fatality rates 
than was the fatality model that used a 50 percent or a 99 percent avoidance rate.  

Smales (2005) summarized species and avoidance rates from several studies. In this summary, 
specific avoidance rates (i.e. observations of birds passing through a turbine array, but showing 
active avoidance of collisions) were estimated. Percival (1998) documented 100 percent active 
avoidance of collisions of Barnacle, Greylag, and White-fronted geese in Sweden. Meredith et al. 
(2002) observed 100 percent active avoidance by a range of species including common starling, 
straw-necked ibis, Australian magpie, Australian raven, little raven, European goldfinch, white-
fronted chat, skylark, black-shouldered kite, brown goshawk, Richards pipit, magpie-lark, 
Nankeen kestrel, white-faced heron, brown songlark, swamp harrier, brown falcon, collared 
sparrowhawk, egret sp., and white ibis. Winkelman (1992) documented 99 percent active 
avoidance of both diurnally and nocturnally migrating birds in Holland. Everaert et al. (2002) in 
Langston and Pullan (2002) estimated 99.9 percent avoidance rate of gulls in Belgium and 99.8 
percent for Common Terns. Winkelman (1992, 1994) observed 97.5 percent active avoidance of 
waterfowl and waders in Holland.  

In Smales (2005), other studies calculated avoidance rates by comparing fatalities with measured 
utilization rates. They are similar to survival rates of birds passing through the facility, but they 
give an indirect estimate of avoidance. Mossop (1997) estimated both waterfowl and raptors had 
a 100 percent survival rate in Yukon Canada. Meredith et al. (2002) estimated 99 percent 
survival for Australian magpie and skylark in Codrington, Victoria. Percival (2001) estimated 99 
percent survival for waterfowl, waders, and cormorants in the United Kingdom.  
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It is reasonable to conclude that an avoidance rate of 99 percent or greater is typical for daylight 
and normal weather based on the experience from other facilities. The only measured avoidance 
rate of nocturnal flights is 87 percent (Winkelman 1990 in Smales 2005).  

For this analysis, avoidance probabilities for both wind energy facilities and individual turbines 
were assumed to be 0.75, which is likely conservative, based on review of literature for other 
bird species. That leads to a combined avoidance probability of 1 – (1 – 0.75) × (1 – 0.75) = 
0.9375. 

As described above, the probability of encountering a turbine can be determined from relative 
area, though the area presented by rotors depends on the angular difference between wind 
direction and bird flight direction. Simulations were conducted that allowed both to vary 
independently but were designed such that the angular difference between bird and wind 
directions was likely to be small. For a typical square wind energy facility of 300 MW, 
comprised of 100 3 MW turbines, encounter probability was 0.34 (on average, 34 percent of 
plover flights through such a wind energy facility would encounter a wind turbine). 

Under the Tucker (1996) model for bird flight through active wind turbine rotors, the probability 
of collision depends on rotor size and rotational velocity, which is a function of wind speed, bird 
size and flight speed, the angular difference between bird flight direction and wind direction, and 
the bird’s point of entry into the rotor disc. Mean collision probabilities were calculated for the 
entire rotor disc under the following set of assumptions. The modeled wind turbine was a Vestas 
V112 3 MW model with a 112 m rotor diameter and rated velocity of 12.8 revolutions per 
minute, though rotational velocity was not strictly fixed, but varied according to wind speed. 
Plovers were assumed to have a body length of 17 cm, a wing span of 38 cm22, and an average 
airspeed of 15 m/s (typical of shorebirds [Alerstam et al. 2007]). Average wind speed was 8.8 
m/s (which would lead to rotational velocity equal to the turbine design’s rated velocity). 
Collision probabilities generally ranged from 0.005 (e.g., downwind flight at high airspeed) to 
0.06 (e.g., upwind flight at low airspeed). In the following, a typical collision probability of 0.03 
was assumed for piping plover flights through the rotor, based on the results from the Tucker 
model. 

Combining the above estimates, the overall collision probability (PC) for a piping plover that has 
encountered the wind energy facility was calculated as: 

PC = (1 – Pa,wp) × Pe,t × (1 – Pa,t) × PT = (1 – 0.75) × 0.34 × (1 – 0.75) × 0.03 = 0.00064. 

Considering the Great Lakes breeding population, the annual number of piping plovers expected 
to encounter exactly one wind energy facility was 14 (six in the fall and eight in the spring), six 
birds were expected to encounter exactly two facilities, and two birds were expected to encounter 
exactly three facilities (Table 4-43). Treating encounters with multiple facilities as independent 
events, the total number of expected fatalities each year is (14 × 0.00064) + (6 × 2 × 0.00064) + 
                                                 
22 Source - http://bna.birds.cornell.edu/bna/species/002. 
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(2 × 3 × 0.00064) = 0.0205. Similar calculations for the Northern Great Plains and Prairie 
Canada breeding populations yield total expected annual fatalities of 0.4435. Thus, the combined 
expected annual fatalities are 0.4640 (= 0.0205 + 0.4435) due to build-out of new wind facilities. 
This is equivalent to 1 piping plover fatality every 2.2 years for the build-out of 33,000 MW new 
capacity, or approximately 21 piping plover fatalities over the 45-year term of the MWE. 

To calculate piping plover fatalities for existing wind energy facilities (i.e., baseline), it is 
assumed that the per MW fatality rate for existing facilities is the same as calculated for the 
build-out of new wind energy facilities. Existing wind energy facilities have 18,004 MW of 
capacity, or 55 percent of the projected capacity for the build-out of new facilities. Therefore, 
over the term of the MWE, 12 piping plover fatalities (0.55 × 21 ≈ 12) are expected to occur due 
to collisions with wind turbines at existing wind energy facilities. 

4.8.1.2.2 Collision with Meteorological Towers  

While the risk of piping plovers colliding with permanent meteorological towers and associated 
guy wires is unknown, because tall structures are known to pose a collision risk, it is assumed 
they potentially pose a similar collision risk as turbines for piping plover. The risk of collision 
with permanent and temporary meteorological towers within wind energy facilities are not 
considered additive or distinguishable from risk of collision with a turbine blade or tower, and 
are considered part of the above estimate for turbines. Furthermore, there are relatively few 
meteorological towers in comparison to turbines and provided permanent meteorological towers 
are free-standing, collision risk with guy wires is eliminated. AMM GEN8 in Section 5.1.3.1.2 
requires that all permanent meteorological towers be free standing without guywires. The overall 
risk for collision with guyed temporary meteorological towers over the 45-year term of the MWE 
is expected to be low because they must be removed within 1 year of their construction. Based 
on this level of collision risk, no take of piping plovers is expected as a result of collisions with 
meteorological towers 

4.8.1.2.3 Collision with Connector Lines 

Although collision of piping plovers with power lines has been documented (USFWS 2009b; 
Sporer et al. 2013), it is challenging to accurately assess the threat due to the difficulty of 
obtaining bird strike data. A 3-year study (2006 to 2008) was conducted on a 2.5 mile segment of 
power lines between Audubon National Wildlife Refuge and Lake Sakakawea in North Dakota 
(Sporer et al. 2013). A total of 1,167 avian fatalities were recorded that were considered a result 
of colliding with the power lines during the entire study, of which one piping plover was 
documented. The power line that was studied is located on a causeway between the two lakes. It 
is suggested that fatalities were actually higher, but many fatalities could not be retrieved or went 
undetected as a result of landing in either lake where searches were not conducted (Sporer et al. 
2013). In a recent meta-analysis of studies of fatalities associated with power lines, Barrientos et 
al. (2011) found that the fatality rate for unmarked lines was 0.21 fatalities for every 1,000 bird 
crossings, where crossings were defined as flights through or above the power lines. The fatality 
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rate at marked lines was 78 percent lower, i.e., 0.05 fatalities/1,000 bird crossings. Barrientos et 
al. (2011) focused on the comparison of marked and unmarked power lines, and they did not 
address the variation in environment or species composition among the different studies. 
Furthermore, because some studies did not correct for searcher efficiency or scavenger removal, 
Barrientos et al. (2011) used only uncorrected data from all studies. Nonetheless, this meta-
analysis provides a valuable summary of the limited information available on bird fatalities due 
to collisions with power lines. The direct impact resulting from piping plover collision with 
connector lines associated with the build-out of new wind energy facilities was estimated using a 
conservative approach. First, the overall fatality rate associated with unmarked power lines was 
treated as the collision probability for piping plovers (0.00021). Second, the results from the 
binomial encounter model (see Section 4.8.1.2.1) indicate the numbers of piping plovers 
expected to encounter one or more new wind energy facilities, considering birds from both the 
Great Lakes Population (Table 4-43) and the Northern Great Plains and Prairie Canada 
populations (Table 4-44). It was then assumed that every encounter with a wind energy facilities 
also entailed an encounter with the connector line associated with that facility. Encounters with 
more than one facility were treated as independent events. As described in Section 4.8.1.2.1, 
assuming independence, is slightly conservative (likely to overestimate fatalities), though the 
bias is small for small collision probabilities. Therefore, combining results from Table 4-43 and 
Table 4-44, there are 725 expected encounters with build-out wind energy facilities each year, 
and the expected number of fatalities due to connector lines at these wind facilities is 0.1523 
each year (0.00021 × 725). This rate is equivalent to 1 piping plover every 6.6 years, or 
approximately 7 piping plovers over the 45-year term of the MWE. This approach is based on 
the binomial encounter model and conservatively assumes that every bird that encounters a wind 
energy facility experiences risk of collision with both wind turbines and the connector line. 

Estimation of take associated with connector lines at existing wind energy facilities (i.e., 
baseline) assumes that fatality rate is proportional to energy capacity. Since baseline MW is 
55 percent of projected build-out MW (Section 4.8.1.2.1), there are 4 (≈ 0.55 × 7) expected 
fatalities due to collision with connector lines at existing wind energy facilities over the 45-year 
term of the MWE. 

4.8.2 Indirect Impacts 

Indirect impacts on piping plover resulting from implementation of Covered Activities may 
include loss of available habitat or habitat suitability due to displacement from habitat caused by 
the presence of wind turbines, construction activity, and human disturbance. The current 
breeding distribution of piping plovers in the Plan Area is limited primarily to shorelines of the 
Great Lakes, in areas which are not included in the Covered Lands. Therefore, no indirect 
impacts on piping plover from the Covered Activities are anticipated during the breeding season 
and during migration.  
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4.8.3 Overall Take Estimate 

As described in Sections 4.8.1 and 4.8.2, implementation of the Covered Activities could result 
in take of piping plover associated with individuals colliding with wind turbine blades and 
connector lines. As described in Section 4.8.2, the Covered Activities are not expected to result 
in indirect impacts on piping plovers.  

The estimated take of piping plovers associated with the full build-out of 33,000 MWs is 28 
individuals over the term of the MWE. The estimated take of 7 individuals is attributable to 
collisions with connector lines (see Section 4.8.1.2.3) and the estimated take of 21 individuals is 
attributable to collisions with wind turbine blades (see Section 4.8.1.2.1). Based on the relative 
estimated sizes of the Great Lakes and Great Plains populations, the estimated take from full build 
out over the term of the MWE would be 2 individuals (rounded up from 1.6) from the Great Lakes 
Population (0.035 annually over the term of the MWE) and 26 individuals (rounded down from 26.4) 
from the Northern Great Plains Population (0.587 annually over the term of the MWE).23 

The estimated take of piping plovers associated with the baseline generation of 18,004 MWs is 
16 individuals over the term of the MWE. The estimated take of 4 individuals is attributable to 
collisions with connector lines (see Section 4. 4.8.1.2.3) and the estimated take of 12 individuals 
is attributable to collisions with wind turbine blades (see Section 4.8.1.2.1). Based on the relative 
estimated sizes of the Great Lakes and Great Plains populations, the estimated baseline take over the 
term of the MWE would be 1 individual (rounded up from 0.90) from the Great Lakes Population 
(0.015 annually over the term of the MWE) and 15 individuals (rounded up from 15.1) from the 
Northern Great Plains Population (0.252 annually over the term of the MWE).24  

4.8.4 Effects on Designated Critical Habitat 

All designated critical habitat for piping plover in the Plan Area is outside of the Covered Lands; 
therefore, no impacts on critical habitat will result from Covered Activities. 

4.8.5 Impact of Take 

The estimated total take of piping plover over the 45-year term of the MWE is 2 individuals from 
the Great Lakes Population and 26 individuals from the Northern Great Plains Population with 
full build-out of 33,000 MW (on average, 0.0205 and 0.4435 individuals annually over the term 
of the MWE, respectively). The estimated size of the Great Lakes Population is 110 individuals 
(Lott 2006). Based on the population estimate, the loss of 2 individuals over the 45-year term of 
the MWE from full build-out represents a 0.9 to 1.8 percent loss for the population during in the 
1 or 2 years in which take is expected to occur. Assuming that the population is stable, this level 
of take represents an annualized take of 0.04 percent of the population over the term of the 
                                                 
23 The estimated number of Great Lakes Population of piping plovers that migrate through the Plan Area is 110 
individuals, comprising 5.6 percent of the combined 1,976 piping plovers migrating through the Plan Area. 
24 The estimated number of Great Plains Population of piping plovers that migrate through the Plan Area is 1,866 
individuals, comprising 94.4 percent of the combined 1,976 piping plovers migrating through the Plan Area. 
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MWE, a rate that is unlikely to result in the Covered Activities changing the baseline rate of 
annual mortality and reproduction.  

The estimated population size of the Northern Great Plains population of piping plover is 2,959 
individuals. Based on the population estimate, the loss of 26 individuals represents an annualized 
take of 0.02 percent of the population over the term of the MWE. Given that annual mortality of 
adult piping plovers in the Northern Great Plains population is 26.3 percent (Larson et al. 2000); 
the additional loss of 0.88 percent of the population over the 45-year term of the MWE is an 
immeasurable fraction of the variation in annual mortality for the species. Given that there will 
be annual variation in the take; on average, the Covered Activities are not likely to change the 
annual mortality rate.  

Unlike the covered bat species, take of piping plover with implementation of the AMMs by 
existing wind energy facilities receiving a MWE take authorization is not expected to decrease 
the baseline level of take estimated for existing wind energy facilities. Consequently, the impacts 
of take associated with participating existing wind energy facilities will not change from baseline 
conditions. 

4.9 BALD EAGLE 

This section provides an assessment of the potential impacts of covered activities on bald eagles, 
including an evaluation of potential direct and indirect impacts, overall predictions of the level of 
take, and the biological effects of the take on the species.  
 
In addition to protection under the Migratory Bird Treaty Act, the Bald and Golden Eagle 
Protection Act (BGEPA) is the primary law protecting eagles. BGEPA prohibits take of eagles 
without a permit.25 BGEPA defines take to include “pursue, shoot at, poison, wound, kill, 
capture, trap, collect, molest or disturb,” and prohibits take of individuals and their parts, nests, 
or eggs. The USFWS expanded this definition by regulation to include the term “destroy” to 
ensure that take includes destruction of eagle nests. The term “disturb” is further defined by 
regulation as “to agitate or bother a bald or golden eagle to a degree that causes, or is likely to 
cause,…injury to an eagle, a decrease in productivity, or nest abandonment”26 
 
4.9.1 Direct Impacts 

The following section describes the mechanisms that have the potential to result in take of bald 
eagles from implementation of the Covered Activities described in Chapter 2. 

                                                 
25 16 USC 668-668c 
26 50 CFR §22.3 
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4.9.1.1 Construction and Decommissioning 

The breeding distribution of the bald eagle includes the entire Plan Area. The Great Lakes 
Population accounts for forty percent (27,617 eagles) of the bald eagle population in the lower 48 
states (USFWS 2009a).27 However, Covered Lands within the Plan Area do not include land 
within 3 miles of the Great Lakes, within one mile from the edges of rivers supporting bird 
migration corridors and/or concentrations of wintering waterfowl, land within the floodplains of 
the Mississippi and Illinois rivers, and land within migratory bird areas around large lakes in 
Minnesota (see Section 1.6). While the areas excluded from the Covered Lands contain the vast 
majority of high quality bald eagle nesting habitat in the Plan Area, nesting habitat still exists in 
all portions of the Covered Lands. As such, there is potential for impacts on bald eagles during 
construction and decommissioning of wind energy facilities. 

Wind energy facility construction activities could affect bald eagles through loss of habitat or 
potential mortalities from construction equipment and increased vehicle traffic. Impacts from the 
decommissioning of a facility are anticipated to be similar to construction in terms of noise, 
disturbance, and equipment used. The potential mortalities from construction equipment is 
expected to be very low, as equipment used in wind energy facility construction generally moves 
at slow rates or is stationary for long periods of time (e.g., operation of cranes). Increased vehicle 
traffic could also result in increased mortality associated with vehicle collisions with bald eagles 
during construction and decommissioning. Temporary increases in human disturbance such as 
noise from construction equipment and associated human activity are expected to result from 
construction and decommissioning activities if they occur near bald eagle nesting, foraging, or 
wintering habitat. Disturbance associated with these activities is likely to include noise from 
diesel-powered earth-moving equipment, human voices, and movement of people and vehicles in 
the vicinity of active construction and decommissioning activities. These activities could disturb 
bald eagles if nesting nearby, causing them to leave their nests for prolonged periods of time or 
abandoning their nests. These activities could also displace eagles from their preferred foraging 
grounds, wintering grounds, or roost sites. 

Disturbances could occur during any time of the year, although activities are likely to be greatest 
during favorable weather conditions for construction (most likely in spring, summer, and fall). 
These disturbances are expected to occur mostly during daylight hours, which coincide with the 
period during which eagles are most active. Construction and decommissioning activities will be 
disbursed over time among new and existing wind energy facility locations across the Plan Area, 
with the maximum potential disturbance at any particular location not expected to exceed a 
several-week period. An exception to this is that increased traffic may result in increased roadkill 
that may attract foraging bald eagles, which could increase the potential for vehicle collisions 
with individuals for an extended period. However, in general, construction and decommissioning 

                                                 
27 The bald eagle population numbers presented are expected to increase pending the final USFWS EIS for the 
revised eagle permit rule revisions.  
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activities will be dispersed throughout the Plan Area and impacts of construction and 
decommissioning activities on bald eagles are expected to be limited for any given facility. 

The majority of the Plan Area supports agricultural land and only 0.37 percent of the area of 
maximum build-out (95th percentile) within the Plan Area is forested (see Appendix B). 
Therefore, disturbance associated with construction and decommissioning is expected to occur 
largely in agricultural areas. Bald eagles are known to nest in trees at the edge of crop rows and 
have even been documented nesting on the ground in agricultural fields, therefore, there is the 
potential for disturbance associated with construction and decommissioning in these habitats. 
However, agricultural fields and trees in the edge of crop rows are considered secondary nesting 
habitats with primary nesting habitats associated with aquatic features and forested edges, which 
are less likely to be influenced by construction and decommissioning activities. Additionally, 
implementation of AMMs BAEA1 and BAEA3 (see Section 5.8.2) minimize the potential for 
construction-related disturbances near occupied nests and winter roosts, further limiting exposure 
to human disturbance during construction and decommissioning activities. 

4.9.1.2 Operations and Maintenance  

Operations and maintenance activities could impact bald eagles within the Plan Area. However, 
the levels of disturbance or displacement-related impacts during operations (including turbine 
operation) and maintenance are expected to be minimized through facility-specific siting 
decisions and conservation measures.  

4.9.1.2.1 Collision with Vehicles 

As part of facility operation and maintenance activities, maintenance vehicles are expected to 
make daily trips to and from various turbines within each wind energy facility. Transportation of 
wind turbine components needing repair or replacement may also require trucks to travel in and 
out of facilities. There is the potential for operations and maintenance activities (and the 
associated increase in vehicle traffic) to result in eagle mortality due to bald eagle collision with 
vehicles. Between 2006 and 2011 there have been 199 documented bald eagle deaths due to 
vehicle collisions (Allison 2012), however this data is not specific to wind energy facilities. 
Although these data demonstrate that bald eagles are susceptible to collision with vehicles, the 
vehicle traffic associated with individual facilities within the Plan Area is expected to have a 
different affect than highway vehicle traffic. Most traffic at these facilities will be slow moving 
as most wind energy facilities limit vehicle speed to 25 mph. Furthermore, implementation of 
AMM BAEA4 requires the removal of large animal carcasses that can attract bald eagles to the 
vicinity of wind turbines (see Section 5.8.2), which will further reduce the likelihood for vehicle 
encounters with bald eagles. Thus, the potential for bald eagle take associated with vehicle traffic 
during operations and maintenance activities is expected to be low.  
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4.9.1.2.2 Collision with Operating Turbines 

Bald eagle collisions with turbine blades may occur when individuals fly through or forage 
within the boundary of wind energy facilities. There is uncertainty associated with the potential 
impacts of wind turbines on bald eagles. To date, 18 bald eagle fatalities associated with wind 
turbine collisions have been confirmed and all of these fatalities were discovered incidentally 
(i.e., not during standardized carcass searches). The lack of bald eagle fatality data makes it 
difficult to evaluate the relative vulnerability of bald eagles to collisions with turbines. 
According to publicly available information, 10 of the 18 documented bald eagle mortalities 
have been from utility-scale wind energy facilities within the Plan Area.  

Further, there is currently a lack of publicly-available studies that identified moderate to high 
pre-construction bald eagle use and also include post-construction fatality monitoring data. Some 
pre-construction bald eagle activity and nesting information is available for two of the 
documented fatalities, one in the eastern U.S. and one in the western U.S. However, for the 
remaining five mortalities, publicly-available information is not available for bald eagle use or 
facility locations.  

An examination of publicly-available studies that documented bald eagle use at wind energy 
facilities where both pre- and post-construction data were available was conducted. Twenty 
studies documented bald eagle use or observations, but only two of these facilities reported bald 
eagle mortalities. Bald eagle use was considered low across all 20 studies, ranging from 0.001 to 
0.052 bald eagles/plot/20-minute survey, and one to six bald eagle observations reported at 
facilities that did not calculate a standardized use estimate. One fatality was reported in 
Wyoming, at a facility where pre-construction bald eagle use was 0.01 bald eagles/plot/20-
minute survey, and the other fatality occurred at a facility in Ontario, where two eagle 
observations were recorded during pre-construction surveys. Given the lack of wind energy 
facilities sited in areas with moderate to high bald eagle use (based on publicly-available data), 
uncertainty remains as to whether the low bald eagle mortality rates reported at operating wind 
energy facilities are due to species behavior and avoidance, or due to the location of operating 
wind energy facilities relative to suitable bald eagle habitat. The majority of studies available for 
comparison were conducted using survey durations less than the currently recommended 60-
minute or longer survey durations (until the release of the draft USFWS Eagle Conservation Plan 
Guidance [ECPG; USFWS 2013d], the majority of studies used 20-minute survey durations). 
There has been concern expressed over the appropriateness of shorter duration surveys and this is 
an area of current research. 

To date, there are far fewer publicly available records of bald eagle fatalities or injuries at wind 
energy facilities than there are for golden eagles. According to a summary paper by Pagel et al. 
(2013), there were 85 eagle fatalities at wind energy facilities throughout the U.S. between 1997 
and 2012 (excluding eagle fatalities at the Altamont Pass Wind Resource Area in California). Of 
these 85 mortalities, 79 have been of golden eagles and 6 of bald eagles (Pagel et al. 2013). As a 
result, the current USFWS ECPG (see Appendix E) relies largely on information on the impacts 
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to golden eagles from wind energy development. However, the life history and behavior of bald 
eagles is different from golden eagles, which may influence the susceptibility of bald eagles to 
wind energy-associated impacts.  

The fundamental differences between bald and golden eagle ecology are driven by prey 
selection, which may affect landscape use, foraging strategies, migration timing and routes, 
behavior, and daily time budgets. Bald eagles generally depend on distinct, isolated patches of 
suitable habitat, although as their populations expand they are increasing use of “secondary” 
habitats. Primary habitats for bald eagles are tied to large aquatic ecosystems where foraging 
opportunities are readily available (i.e., fish availability), although they also scavenge in 
terrestrial landscapes (e.g., hog farms, carrion from road kill). For bald eagles, hunting typically 
occurs from a perched location, though bald eagles occasionally hunt by soaring high over 
foraging areas (Buehler 2000). In contrast, golden eagles use a much wider variety of habitats 
and are often found in open landscapes, particularly in the western U.S., where open landscapes 
are widespread and golden eagle primary prey sources (mid-sized mammal and carrion) are 
abundant. Low, contouring flight is the most common hunting flight behavior for golden eagles, 
often used to hunt colonial prey (e.g., prairie-dogs; Watson 2010). Low, contouring flight, 
especially while hunting, has been observed at Altamont Wind Resource Area, and is considered 
to be one factor in the unusually high numbers of golden eagle fatalities at this wind energy 
facility (Hunt and Culp 1997). Golden eagles are documented to have higher risk for collision 
while hunting compared to other behaviors (Hunt 2002). The difference in bald and golden eagle 
diet leads to differences in foraging location. Bald eagles frequently foraging over open water 
whereas golden eagles foraging over land. To date, wind energy facilities are rarely placed over 
open water or in riparian areas. Instead most facilities are often sited in open upland areas, where 
golden eagles are known to forage.  

As mentioned above, bald eagles also scavenge opportunistically in terrestrial landscapes, 
especially in the winter. Up to 20 percent of the contiguous U.S. bald eagle population winters in 
Iowa, where nearly 3,200 utility-scale wind turbines have been built (Neumann 2009; AWEA 
2014) and few bald eagle injuries or mortalities have been reported (USFWS unpublished data). 
Bald eagles wintering in Iowa often feed on livestock or wildlife carcasses found in upland areas, 
which could potentially increase their risk of collision (Neumann 2009; Pagel et al. 2013).  

Both bald and golden eagles migrate between nesting and wintering areas, and both species 
employ thermal and slope soaring for lift during migration (Buehler 2000; Kochert et al. 2002; 
Duerr et al. 2012). Most major bald eagle migratory pathways are associated with water, 
however, bald eagles in many areas of the Midwest do not migrate, instead congregating around 
resource areas that are not dictated by latitude (USFWS pers. comm.). In the east, some 
similarities in bald and golden eagle migratory routes have been observed. For both bald and 
golden eagles, the Susquehanna Valley in southern New York and eastern Pennsylvania appears 
to be an important migratory corridor (Goodrich and Smith 2008). Large numbers of golden and 
bald eagles are typically recorded at the Franklin Mountain Hawkwatch site in southern New 
York, and large numbers are recorded at several sites along the Kittatinny Ridge through eastern 
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Pennsylvania (Goodrich and Smith 2008). The overlap in migratory routes observed in New 
York and Pennsylvania illustrate that bald and golden eagles migrate along similar landscapes in 
some areas. 

Both bald and golden eagles are capable of extensive soaring, gliding, and flapping flight, with 
the former two flight strategies typically reserved for migrating and hunting (Buehler 2000; 
Kochert et al. 2002). Both species also employ aerial courtship displays and some territorial 
flight behavior. Bald eagles exhibit aerial breeding displays that often involve flights to very 
high altitudes, followed by falling and/or diving towards the ground, often not diverging from 
their dive until nearly colliding with the ground (Buehler 2000). Golden eagles also exhibit aerial 
courtship displays that can include undulating flight, chases, dives, soaring, displaying talons, 
and circling (Kochert et al. 2002).  

While bald and golden eagles employ similar flight behaviors, studies have shown that they vary 
in the amount of time per day spent in flight, which could affect their susceptibility to collision 
with wind turbines (Callopy and Edwards 1989; Bergo 1987 in Kochert et al. 2002; Watson et al. 
1991; Buehler 2000; Kochert et al. 2002; USFWS 2013d). Although time spent flying varied by 
study, season, sex, and age class, golden eagles spent more time in flight (ranging between 15 
percent in one study to 28 percent in another; Callopy and Edwards 1989, Bergo 1987 in Kochert 
et al. 2002) compared to bald eagles (ranging between 2 percent in one study to 7 percent in 
another; Watson et al. 1991, Buehler 2000). Even when similar flight behaviors are used, the 
increased amount of time golden eagles spend in flight compared to bald eagles likely leads to 
higher risk of collision with wind turbines. 

The few available studies of bald eagle use, flight paths, and nesting before and after 
construction of wind facilities suggest that bald eagles avoid wind energy facilities. At the 
Forward Wind Energy Center, pre-construction bald eagle use observed during point counts was 
0.004 bald eagles/plot/20-minute survey. Bald eagle use then declined in the first year after 
construction (0.001 bald eagles/plot/20-minute survey), and no bald eagles were observed during 
point counts 2 years following construction (Garvin and Drake 2011). At Pillar Mountain, 
Alaska, bald eagle use was statistically similar between pre- and post-construction surveys; 
however, bald eagle flights did not occur over the ridge where three wind turbines were 
constructed, despite flights over the ridge being commonly recorded before construction of the 
turbines (Sharp et al. 2012). Bald eagles crossed the ridge 2 years following construction, but 
bald eagles only flew between turbines when the turbines were off (Sharp et al. 2010). No bald 
eagle mortalities were observed at either the Forward facility or the Pillar Mountain facility; 
however, it is unknown whether formal post-construction mortality monitoring occurred at Pillar 
Mountain (Grodsky and Drake 2011; Sharp et al. 2012). During construction of the Erie Shores 
facility in Ontario, a bald eagle pair that had historically nested within 400 m of a turbine 
location moved to a nest that was 900 m from the turbine (James 2008). One confirmed mortality 
has been documented at the Erie Shores facility; however, it is unknown if this mortality is 
associated with the same bald eagle nest (Van Fleet 2011).  
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Data on impacts from wind energy facilities are also available for the European white-tailed sea 
eagle (Haliaeetus albicilla). White-tailed sea eagles have been killed at wind facilities in 
relatively high numbers in some places, and some experts and resource agencies suggest that the 
sometimes high mortality rates for this bald eagle congener indicates that bald eagles are also at 
risk of mortality due to turbine collisions.  

The first turbine-related white-tailed sea eagle mortalities were reported in 2003 at two facilities 
located in Germany within 15 km (9.3 miles) of the Baltic Sea, where healthy prey populations 
are located close to habitat suitable for sea eagle breeding, migrating, and wintering (Krone 
2003). Breeding sites were located in close proximity to either facility: four breeding sites within 
approximately 10 km (6.2 miles) of one facility, and one breeding site about 13 km (8.1 miles) 
from the other. The high prey base concentrates populations, and increases the likelihood of 
collisions at these coastal facilities (Krone 2003). 

Norway’s first large-scale wind energy facility, the Smøla Island wind energy facility, has been 
the site of 36 white-tailed sea eagle collision mortalities between August 2005 and May 2010 
(Nygard et al 2010). The Smøla facility is located on a small continental island separated from 
Norway by a shallow strait. Not only is Smøla very flat and surrounded by shallow fish-bearing 
waters, the island is also permeated with small water bodies, creating a unique environment that 
is capable of supporting large sea eagle populations throughout their annual cycles. Research 
conducted at the Smøla facility indicates that breeding white-tailed sea eagles have been affected 
through both mortality and displacement. The rare habitat of Smøla Island supports the highest 
density of breeding white-tailed sea eagle in the world (Cole and Dahl 2013). The timing of 
mortalities suggests breeding displays may have contributed to high levels of mortality, as just 
over 60 percent of fatalities were found during the breeding season (May et al. 2010; Nygard et 
al. 2010). In addition to fatalities, displacement of nesting sea eagles has been documented at the 
Smøla Island. Of the 13 pairs occupying territories within the wind energy facility and a 
surrounding 500 m (1,640 ft) buffer, only five occupied territories (38 percent) were documented 
during nest surveys conducted 4 years after construction (Nygard et al. 2010).  

Due to similarities in behavior between white-tailed sea eagles and bald eagles, studies of white-
tailed sea eagles suggest that wind energy facilities that offer plentiful prey populations heavily 
used by bald eagles could have relatively high bald eagle mortality rates compared to those 
currently reported in the U.S. In general, wind energy facilities within the Plan Area are not 
expected to be located within or near habitats that would create similar conditions (in terms of 
prey abundance and eagle use) that exist for the white-tailed sea eagle studies as described 
above. Covered Lands within the Plan Area do not include land within 3 miles of the Great 
Lakes, within one mile from the edges of rivers supporting bird migration corridors and/or 
concentrations of wintering waterfowl, land within the floodplains of the Mississippi and Illinois 
rivers, and land within migratory bird areas around large lakes in Minnesota, all of which should 
help to minimize potential impacts to bald eagles. 
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Bayesian Eagle Fatality Model  

The USFWS presents a Bayesian approach to estimate the annual eagle fatality rate for a wind 
energy facility in the ECPG (see Appendix E). This approach uses statistical models to define the 
relationship between eagle exposure, collision rate, and site characteristics, and to account for 
uncertainty (USFWS 2013d). Definitions of the variables used in the approach are presented in 
Table 4-45. 

Table 4-45. Definitions of Variables Used in the USFWS Approach for Predicting 
Annual Eagle Fatalities from Turbine Collisions at a Wind Energy Facility1 

Parameter Variable Name Definition 
F Annual Fatalities Annual eagle fatalities from turbine collisions 

λ  Exposure Rate Eagle-minutes flying within the facility footprint (in proximity to 
turbine hazards) per hr per square kilometer (km2) 

C Collision Rate The rate of an eagle colliding with a turbine per exposure 
ε  Expansion Factor Product of daylight hours and total hazardous area 2hr km⋅  

k Eagle-Minutes Number of minutes that eagles were observed flying within 800 m 
and below 200 m during survey point counts 

δ  Turbine Hazardous Area Rotor-swept area around a turbine or proposed turbine (km2) 

n Trials 
Number of trials for which events could have been observed (the 
number of 2hr km⋅ observed) 

τ  Daylight Hours Total daylight hours (e.g., 4,383 hrs per year or some proportion of 
daylight hours based on operational time) 

n  Number of Turbines Number of turbines (or proposed turbines) for the facility 
1Source: Appendix E of Eagle Conservation Plan Guidance (USFWS 2013d); see Appendix E. 

Exposure Rate. Exposure rate (λ ) is the expected number of exposure events (eagle-minutes) 
per survey hour per square kilometer (hr ⋅ km2). The USFWS prior distribution for exposure rate 
was derived from data collected at a range of facilities under USFWS review and the facilities 
included in Whitfield (2009). The prior distribution is intended to model exposure rates for any 
wind energy facility. The USFWS defines the prior distribution for exposure rate as: 

( )Prior ~ Gamma ,λ a β , with shape and rate parameters a =  0.97 and β = 2.76. 
where the average exposure rate is 0.35 eagle-minutes per hour/km2. 

Pre-construction eagle exposure data are used to update the prior distribution to estimate the 
parameters for the posterior distribution. By assuming the exposure minutes follow a Poisson 
distribution with rate parameterλ , the posterior distribution for exposure rate is: 

( )1
Posterior ~ Gamma ,  n

ii
k nλ a β

=
+ +∑  

where ∑ki is the total observed eagle-minutes, n is the number of trials, and α and β are from the 
prior distribution. The number of trials is the number of hr ⋅ km2 that were conducted in the pre-
construction survey. 



Take Assessment and Impact of Take Chapter 4 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 4-126 

Expansion Factor. The expansion factor (ε ) is used to scale the per unit fatality rate (fatalities 
per hr per km2) to the daylight or operational hours (τ ) in 1 year and total hazardous area (km2) 
within the facility(s). The expansion factor is: 

1
,n

ii
ε τ δ

=
= ∑  

where n is the number of turbines, and δ is the circular area (2-D hazardous area) centered at the 
base of a turbine having radius equal to the rotor-swept radius of the turbine (or proposed 
turbine). 

Collision Rate. The collision rate, C, is the rate that an eagle collides with a turbine per exposure 
in the hazardous area, where all collisions are considered to be fatal. The prior distribution 
presented by the USFWS was estimated using results taken from the Whitfield (2009) study of 
avoidance rates. The Beta distribution is intended to model collision rates across all sites 
considered for prediction of annual eagle fatalities. The USFWS collision ate prior distribution is 
given as:  

( )Prior ~ Beta , 'C ν ν , with parameters ν =2.31 and 'ν =396.69. 

Post-construction monitoring data can be used to update the collision rate prior and estimate 
parameters of the posterior distribution. Under the assumption that observed fatalities follow a 
binomial distribution with rate C, the posterior distribution of rate C is a Beta distribution 
(Gelman et al. 1995) and is given as: 

Posterior C ~ Beta (v + f, v´ + g), 
where f is the number of fatalities estimated from post-construction monitoring, g is the 
estimated number of exposure events that did not result in a fatality, and v and v´ are from the 
prior distribution (in Appendix D of the ECPG in Appendix E). 

Predicted Annual Fatalities. The distribution of predicted annual fatalities can be estimated as 
the product of the expansion factor, the exposure rate distribution, and the collision rate 
distribution: 

F= ε∙λ∙C. 

The distribution of estimated annual fatalities is used to obtain statistics such as estimates for the 
mean, standard deviation, and 80th credible interval (CRI) of annual fatalities.  

Data and Assumptions 

This section describes the data and assumptions used to establish the variable values used to 
apply the Bayesian Eagle Fatality Model. 

Exposure Rate. Exposure rate, as defined by the USFWS (2013), is the expected number of 
flight minutes below 200 m per daylight hour across the surveyed area (km2). The exposure rate 
was estimated using data collected across the range of bald eagles to obtain an annual average 
exposure rate that is representative of the Plan Area. 
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Data from 19 wind energy facilities were used to update the exposure rate prior distribution. 
Publicly available summary data and data provided to WEST through wind energy companies 
across the U.S. were included in the model if the number of eagle observations, survey hours, 
and plot size (meters2) were available. Data collected within the Plan Area was limited. 
Additionally, surveys included were point count surveys 20 minutes and longer with a survey 
period longer than 9 months including part of the winter season.  

At the 19 wind energy facilities, 4,127.33 hours of point count surveys were conducted and 48.9 
bald eagles were observed (Table 4-46). The 48.9 bald eagle observations were observed at 11 of 
the wind facilities (i.e., 8 wind facilities did not have records of bald eagles during survey 
periods) during 2,827.33 survey hours.  

Many of the point count surveys included were conducted prior to release of the ECPG and, as a 
result, eagle observations were not conducted on a per-minute basis and the total minutes eagles 
were observed in flight were not recorded. To account for this in the modeling approach, it was 
assumed there were two minutes of flight time per bald eagle observation for a total of 97.83 
eagle-minutes. 

The posterior distribution for exposure rate using data from the 19 facilities is Gamma (0.97 + 
97.83, 2.76 + 8298.49) = Gamma (97.83, 8301.25). The average exposure rate is 0.012 eagle-
minutes per hour ∙ km2. 

Additionally, the posterior distribution for exposure rate using data from the 11 facilities with 
eagle observations is Gamma (0.97 + 97.83, 2.76 + 5685.69) = Gamma (97.83, 5688.45). The 
average exposure rate is 0.017 eagle-minutes per hour ∙ km2. 

Expansion Factor. The expansion factor scales the exposure rate to the hazardous area and time 
eagles are at risk of collision within the Plan Area to estimate the potential eagle-wind turbine 
interactions (minutes of flight within the turbine hazardous area).  

The total number of turbines within each state is estimated for 33,000 MW of capacity 
attributable to build-out and 18,004 MW of baseline capacity (see Section 4.2.1). The assessment 
assumes a Vestas V101 2.75 MW turbine. Additionally, it is assumed that eagles are at risk of 
collision on average 12 hours per day (i.e., during daylight hours). 
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Table 4-46. Publicly Available Data and Data provided by Wind Energy Companies used to Update the Exposure 
Rate Prior Distribution and Obtain the Exposure Rate Posterior Distribution1  

ID State 
Survey Start 

Date 
Survey End 

Date 
Survey Length 

(minutes) 
Viewshed 
(meters) Total Survey Time (hours) 

Number of 
Bald Eagle 

Observations 
During Total 
Survey Time 

Exposure Data-1 OR 7/26/2006 6/19/2007 20 800 190 0 
Exposure Data-2 OR 8/27/2004 8/15/2005 20 800 98 0 
Exposure Data-3 WA 3/16/2006 3/6/2007 20 800 95 0.86 
Exposure Data-4 WA 4/17/2002 4/12/2003 20 800 87 0.52 
Exposure Data-5 MN 11/23/2010 11/18/2011 20 800 105 12.56 
Exposure Data-6 OR 11/1/1994 10/31/1995 20 800 250 3 
Exposure Data-7 WY 4/6/2007 3/14/2009 20 800 112 3.35 
Exposure Data-8 WA 4/17/2002 8/17/2004 20 800 87 1.04 
Exposure Data-9 CA 11/12/2005 3/24/2006 30 800 104 0 
Exposure Data-10 CA 5/18/2010 2/28/2011 30 800 361 0 
Exposure Data-11 OR 4/13/2001 4/1/2002 30 800 181 0 
Exposure Data-12 WA 3/26/2002 3/14/2003 30 800 126 0.76 
Exposure Data-13 WA 4/20/2001 4/11/2002 30 800 168 0 
Exposure Data-14 WA 3/22/2002 3/13/2003 30 800 81 8.02 
Exposure Data-15 CA 11/15/2005 11/9/2006 30 800 135 10.53 
Exposure Data-16 AZ 12/3/2004 11/29/2005 30 800 99 0 
Exposure Data-17 WA 5/10/2002 5/22/2003 30 800 90 0.81 
Exposure Data-18 WA 5/24/2000 6/28/2001 30 800 100 0 
Exposure Data-19 WY 3/20/1995 12/13/2000 40 800 1,661 7.48 
Total      4,1302 48.93 
1A total of 48.9 bald eagle observations were recorded during 2,827.33 hours of survey. 
2Rounded to the nearest hour. 
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Collision Rate. Annual bald eagle fatality rates at the Plan Area were estimated using the 
Bayesian collision risk model with collision rate prior distributions developed by the USFWS of 
Beta (2.31, 396.69). The mean collision rate was 0.0058.  

Additionally, a posterior distribution for collision rate was estimated using data from 46 wind 
energy facilities (see Table 4-47) with fatality monitoring data. Publicly available summary data 
and data provided to WEST by wind energy companies were included in the model if the facility 
had data on searcher efficiency rates, carcass removal rates, search interval, number of bald 
eagles found during surveys, plot size, and proportion of turbines searched. Additionally, studies 
must have lasted at least 9 months in length and surveyed part of the winter season.  

To obtain the collision rate posterior distribution, the number of bald eagle fatalities and the 
number of exposure events that did not result in a fatality were estimated. At the 46 wind 
facilities, no bald eagle fatalities were reported during standardized carcass searches. However, 
the overall probability that a bald eagle carcass was both available to be found and detected at a 
facility during monitoring is imperfect due to carcasses being removed by scavengers, imperfect 
searcher detection rates, the sample of the turbines that may have been searched, and/or bald 
eagles that may have fallen outside of the plot searched. Therefore, a multi-site Evidence of 
Absence approach (see Appendix F) was used to determine the maximum number of bald eagles 
that may have been missed during scheduled carcass searches with 50 percent probability. The 
probability that a carcass was both available to be found and detected by searches was estimated 
for each facility (see Table 4-47). The site-wide probability that a carcass is both available and 
detected was estimated using:  

1. Carcass persistence rates, expressed as the estimated average probability a carcass is 
expected to remain in the study area and be available for detection; 

2. Searcher efficiency, expressed as the proportion of planted carcasses found by searchers 
during searcher efficiency trials; 

3. Search area adjustment based on the plot size; and 

4. The interval between carcass searches. 

Surrogates for eagle carcasses such as mallards and pheasants were used to estimate carcass 
persistence and searcher efficiency rates. Assuming that carcass persistence and searcher 
efficiency rates of the surrogate carcasses is representative of an eagle carcass is a conservative 
assumption as these carcasses are smaller in size. 

The proportion of bald eagles expected to fall outside of the search area was calculated using a 
physics-based ballistics model for the fall distribution of birds (Hull and Muir 2012). The model 
predicts the distance a carcass might be propelled after hitting a turbine blade, based on the size 
of the animal and physical characteristics of the turbine. It was not possible to derive the 
distribution of animals for this application of the model; therefore, we conservatively assumed 
the fall distribution decreases linearly from the base of the turbine out to the maximum fall 
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distance predicted by the model for a given turbine height, rotor diameter, and average animal 
mass. 

The probability that a bald eagle carcass was available to be found and detected is 34 percent 
across all 46 wind facilities. With 50 percent probability, it is estimated there were three or fewer 
fatalities across all 46 wind facilities. The number of exposure events was estimated using the 
average exposure rate from the posterior distribution because data from pre-construction point 
count surveys was unavailable for many of the facilities. It was assumed that the posterior 
distribution for exposure rate is representative of bald eagle activity across its range. The 
expansion factor for each facility was estimated from the survey length of fatality monitoring, 
rotor radius, and number of turbines at the facility. The product of the exposure rate and the 
expansion factor during fatality monitoring estimates the number of bald eagle exposures within 
the hazardous area during fatality monitoring (see Table 4-48). A total of 1,050.21 exposures 
were estimated using the exposure rate developed from 19 facilities with point count survey data. 
The posterior distribution for collision rate assuming exposure data from 19 facilities with point 
count survey data is Beta (2.31 + 3, 396.69 + (1050.21 – 3) = Beta (5.31, 1446.90) with a mean 
of 0.0037. 

Table 4-47. Publicly Available Data and Data Provided by Wind Energy Companies used 
to Estimate the Maximum Number of Bald Eagles that May have Been Missed During 

Scheduled Carcass Searches with 50 Percent Probability Using Evidence of Absences1 

ID State 

Average 
Search 
Interval 

Minimum 
Plot 

Diameter 
(meters) 

Number 
of 

Turbines 
Searched 

Number 
of 

Turbines 
at the 

Facility 

Average 
Removal 

Time 
(days) 

Searcher 
Efficiency 
Rate (%) 

Site Wide 
Probability 
a Carcass 

is 
Available 

and 
Detected 

(%) 
Collision Data-1 TX 21 200 30 60 7.13 66.7 10.4 
Collision Data-2 WA 21 180 24 47 7.41 62.5 9.9 
Collision Data-3 MN 21 200 30 62 11.2 96.7 20.3 
Collision Data-4 OR 21 240 46 125 18.87 58.9 14.4 

Collision Data-5 OR 21 180 25 50 28 55.8 21.1 
Collision Data-6 OR 21 240 34 51 12.93 63.6 22.0 
Collision Data-7 OR 21 110 50 76 24.73 93.9 29.1 
Collision Data-8 OR 21 220 31 61 19.83 58.8 20.0 
Collision Data-9 OR 21 110 50 76 17.8 90 24.4 
Collision Data-10 WA 21 180 20 39 25.48 38 15.3 

Collision Data-11 WA 21 180 39 78 25.48 38 14.9 
Collision Data-12 WA 21 180 41 87 9.9 87.5 16.4 
Collision Data-13 OR 21 250 50 65 9.71 78.3 25.0 
Collision Data-14 OR 21 240 17 67 40.61 64.4 15.0 
Collision Data-15 MN 14 126 40 143 8.5 48.8 6.1 
Collision Data-16 MN 14 126 30 138 8.5 48.8 4.7 
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ID State 

Average 
Search 
Interval 

Minimum 
Plot 

Diameter 
(meters) 

Number 
of 

Turbines 
Searched 

Number 
of 

Turbines 
at the 

Facility 

Average 
Removal 

Time 
(days) 

Searcher 
Efficiency 
Rate (%) 

Site Wide 
Probability 
a Carcass 

is 
Available 

and 
Detected 

(%) 
Collision Data-17 WA 14 90 37 37 33 78 46.0 
Collision Data-18 CA 14 240 15 50 16.975 88 18.5 
Collision Data-19 CA 14 240 15 50 16.975 88 18.5 

Collision Data-20 WA 14 100 48 48 29.945 56.25 35.6 
Collision Data-21 OR 21 180 52 104 19 78.4 24.3 
Collision Data-22 OR 21 252 50 65 27.7 80.8 46.5 
Collision Data-23 WA 21 110 25 25 18.27 67.4 29.5 
Collision Data-24 WA/OR 21 126 153 454 35.7 86 19.6 
Collision Data-25 WA/OR 21 126 124 454 35.7 86 15.9 

Collision Data-26 CA 21 200 40 90 48.62 73 29.6 
Collision Data-27 CA 14 240 25 100 15.07 76.5 13.3 
Collision Data-28 CA 14 240 41 190 15.07 76.5 11.5 
Collision Data-29 OR 28 220 61 61 40.95 87.5 65.2 
Collision Data-30 OR 28 126 38 38 26.7 87.5 47.1 
Collision Data-31 OR 28 140 16 16 19.9 92 40.5 

Collision Data-32 OR 28 180 41 41 35.7 53 41.7 
Collision Data-33 WY 28 126 69 69 29.45 92 53.0 
Collision Data-34 WY 28 126 69 69 29.45 92 53.0 
Collision Data-35 WY 28 126 69 69 29.45 92 53.0 
Collision Data-36 WA 28 180 21 62 13.6 63.6 8.6 
Collision Data-37 WA 28 240 30 60 41.4 52.4 22.6 

Collision Data-38 WA 28 110 64 127 19 74 14.6 
Collision Data-39 WA 28 180 41 83 19.9 58.1 15.6 
Collision Data-40 CA 7 105 17 34 16.2 71 22.0 
Collision Data-41 CA 7 200 25 75 13 97 24.3 
Collision Data-42 CA 7 200 25 75 13 97 24.3 
Collision Data-43 CA 10 200 8 8 17.5 85 66.3 

Collision Data-44 ND 21 200 32 71 21 51.6 16.0 
Collision Data-45 IA 21 200 26 80 9.89 93.8 11.8 
Collision Data-46 CA 10 200 15 45 46.78 95.5 28.9 
1See Appendix F for a description of Evidence of Absence methodology. 

Additionally, a total of 1,533.97 exposures were estimated using the exposure rate developed 
from 11 facilities with bald eagle observations during point count surveys. The posterior 
distribution for collision rate assuming exposure data from the 11 facilities with bald eagles 
observed during point count surveys is Beta (2.31 + 3, 396.69 + (1533.97 – 3) = Beta (5.31, 
1930.66) with a mean of 0.0027. 
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Fatality Prediction 

The USFWS Bayesian Eagle Fatality Model assumes that specific eagle flight activity will 
correspond to annual eagle fatality, once the wind energy facilities are operational. Under this 
assumption, predictions of annual eagle fatality were modeled as the pre-construction measure of 
eagle exposure within areas of potential eagle-wind turbine interactions multiplied by a collision 
correction factor. 

CRIs (i.e., Bayesian confidence intervals) were calculated using a simulation of 10,000 Monte 
Carlo draws from the posterior distribution of eagle exposure and the collision probability 
distribution (Manly 1991). The product of each of these draws, with the exposure area was used 
to estimate the distribution of possible fatality in the Plan Area. The upper 80th percentile of this 
distribution has been recommended by the USWFS as a conservative estimate of take for a 
proposed facility (USFWS 2013d). 

Actual MWs of wind energy within the Plan Area from 2009 to 2015 and estimated MWs within 
the Plan Area with build-out of 33,000 MW of new capacity from 2016 to 2030 were used to 
predict the number of bald eagle fatalities by year within the Plan Area (Figure 4-11). 

Fatality predictions using four models were estimated. The models were:  

• Model 1: Exposure rate posterior distribution with 11 facilities with bald eagle 
observations during point count surveys and the collision rate prior distribution presented 
in the ECPG. 

• Model 2: Exposure rate posterior distribution with 11 facilities with bald eagle 
observations during point count surveys and the collision rate posterior distribution 
updated with fatality monitoring data.  

• Model 3: Exposure rate posterior distribution with all data from 19 facilities with point 
count surveys and the collision rate prior distribution presented in the ECPG. 

• Model 4: Exposure rate posterior distribution with all data from 19 facilities with point 
count surveys and the collision rate posterior distribution updated with fatality 
monitoring data. 

Model 1 is the most conservative model and predicts 98.6 bald eagle fatalities annually with an 
80 percent CRI for full build-out of the 33,000 MWs of new capacity (Table 4-49), and 53.8 bald 
eagle fatalities annually with an 80 percent CRI for the 2016-2060 18,004 MW of baseline 
capacity (Table 4-50). 
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Table 4-48. Publicly Available Data and Data Provided by Wind Energy Companies used to Estimate the Number 
of Exposures without Avoidance at Each Facility using the Exposure Rate Posterior Distribution with 19 

Facilities with Point Count Surveys and 11 Facilities with Bald Eagle Observations during Point Count Surveys  

ID State 
Survey Start 

Date 
Survey End 

Date 

Survey 
Start 

Date 2 
Survey 

End Date 2 

Number of 
Turbines at 
the Facility 

Rotor 
Diameter 

(m) 

Hub Height 
of Turbine 
(meters) 

Expansion 
Factor for 

Fatality 
monitoring 

Number of 
Exposures 

from 
Exposure 

Rate 
Posterior 

Distribution 
With 19 

Facilities 

Number of 
Exposures 

from 
Exposure 

Rate 
Posterior 

Distribution 
With 11 

Facilities 
Collision Data-1 TX 3/3/2009 2/17/2010   60 87 78 1502 18 26 
Collision Data-2 WA 2/1/2009 1/1/2010   47 92.5 80 1266 15 22 
Collision Data-3 MN 3/18/2011 2/14/2012   62 95 80 1756 21 31 

Collision Data-4 OR 10/15/2007 10/28/2009   125 87.3 80 6680 80 116 
Collision Data-5 OR 8/1/2005 8/31/2006   50 77 80 1104 13 19 
Collision Data-6 OR 8/11/2008 8/8/2010   51 77 80 2072 25 36 
Collision Data-7 OR 1/26/2009 12/11/2009   76 82 80 1536 18 27 
Collision Data-8 OR 1/21/2010 12/18/2010   61 82 80 1280 15 22 
Collision Data-9 OR 1/10/2008 12/12/2008   76 82 80 1623 19 28 

Collision Data-10 WA 2/1/2009 1/31/2010   39 80 67 856 10 15 
Collision Data-11 WA 2/1/2009 1/31/2010   78 80 67 1713 20 30 
Collision Data-12 WA 1/1/2008 12/31/2008   87 80 67 1915 23 33 
Collision Data-13 OR 9/10/2009 9/12/2010   65 93 80 1945 23 34 
Collision Data-14 OR 8/24/2006 7/15/2008   67 77 80 2587 31 45 
Collision Data-15 MN 3/15/1996 11/15/1999   143 48 50 4161 50 72 

Collision Data-16 MN 3/15/1996 11/15/1999   138 48 50 4015 48 70 
Collision Data-17 WA 9/1/2002 8/31/2003   37 62 60 488 6 8 
Collision Data-18 CA 8/8/2012 8/2/2013   50 90 90 1370 16 24 
Collision Data-19 CA 10/18/2012 10/17/2013   50 90 90 1389 17 24 
Collision Data-20 WA 6/6/2011 5/7/2012   48 88 80 1177 14 20 
Collision Data-21 OR 1/7/2011 12/2/2011   104 61.4 53 1216 14 21 
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ID State 
Survey Start 

Date Survey End Date 

Survey 
Start Date 

2 
Survey End 

Date 2 

Number of 
Turbines at 
the Facility 

Rotor 
Diameter (m) 

Hub Height 
of Turbine 
(meters) 

Expansion 
Factor for 

Fatality 
monitoring 

Number of 
Exposures 

from Exposure 
Rate Posterior 

Distribution 
With 19 

Facilities 

Number of 
Exposures 

from 
Exposure 

Rate 
Posterior 

Distribution 
With 11 

Facilities 
Collision Data-22 OR 9/13/2010 9/15/2011   65 93 80 1945 23 34 
Collision Data-23 WA 6/30/2010 7/17/2011   25 90 80 729 9 13 
Collision Data-24 WA/OR 1/1/2003 12/31/2003   454 47 50 3441 41 60 
Collision Data-25 WA/OR 7/1/2001 12/31/2002   454 47 50 5180 62 90 
Collision Data-26 CA 7/1/2009 7/1/2010 8/1/2011 12/15/2011 90 77 65 2520 30 44 

Collision Data-27 CA 3/22/2011 4/9/2012   100 77 80 2146 26 37 
Collision Data-28 CA 3/22/2011 6/15/2012   190 90 80 6542 78 114 
Collision Data-29 OR 1/22/2008 12/17/2008   61 82 80 1276 15 22 
Collision Data-30 OR 1/1/1999 12/31/1999   38 47 50 288 3 5 
Collision Data-31 OR 2/8/2002 2/8/2003   16 77 80 326 4 6 
Collision Data-32 OR 2/9/2004 2/8/2005   41 61.4 53 532 6 9 

Collision Data-33 WY 11/3/1998 6/5/2002   69 42 40 1503 18 26 
Collision Data-34 WY 11/3/1998 6/5/2002   69 42 40 1503 18 26 
Collision Data-35 WY 11/3/1998 6/5/2002   69 42 40 1503 18 26 
Collision Data-36 WA 4/20/2009 4/7/2010   62 93 80 1779 21 31 
Collision Data-37 WA 3/17/2010 3/3/2011   60 77 80 1177 14 20 
Collision Data-38 WA 1/9/2007 12/15/2007   127 78 67 2476 29 43 

Collision Data-39 WA 1/1/2006 12/31/2006   83 80 67 1822 22 32 
Collision Data-40 CA 3/4/2012 3/2/2013   34 93 80 1006 12 17 
Collision Data-41 CA 4/21/2009 4/24/2010   75 94 80 2298 27 40 
Collision Data-42 CA 4/27/2010 4/29/2011   75 94 80 2292 27 40 
Collision Data-43 CA 6/15/2009 6/15/2010   8 90 80 223 3 4 
Collision Data-44 ND 3/16/2010 3/11/2011   71 88 78 1866 22 32 

Collision Data-45 IA 3/16/2010 2/11/2011   80 87 100 1895 23 33 
Collision Data-46 CA 3/26/2008 3/26/2009   45 61 69 576 7 10 
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Model 4 is the most liberal model and predicts 38.9 bald eagle fatalities with an 80 percent CRI 
for build-out of the 33,000 MWs of new capacity (Table 4-49) and 21.23 bald eagle fatalities 
annually with an 80 percent CRI for the 18,004 MW of baseline capacity (Table 4-50). 

These fatality predictions account for the increase in MWs within the Plan Area by year. 
However, the predictions do not account for changes in bald eagle population. Overall fatality 
predictions for bald eagles by year are presented in Figure 4-12 a-d for 2009-2060, in Table 4-49 
for the 33,000 MWs of build-out, in Table 4-50 for the 18,004 MWs of baseline capacity (i.e., 
existing wind energy facilities), and in Table 4-51 for MWs present in the Plan Area from 2009 
to 2015.28  

 
Figure 4-11. Actual MWs of wind energy within the Plan Area from 2009 to 2015 

and estimated MWs within the Plan Area from 2016 to 2030 by year 
 

                                                 
28 The duration of the MWE is from 2016 through 2060. Information presented in Table 4-53 captures the remainder 
of the period covered by the Final Environmental Assessment for the 2009 Eagle Take Permit Rule. 
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Figure 4-12. Annual bald eagle fatality predictions and 80 percent CRIs based on 
actual MWs built from 2009 to 2015 and estimated MWs from 2016 to 2030 for 
Model 1 (a), Model 2 (b), Model 3 (c), and Model 4(d).  

 )  
a) b) 
c) 

 

d) 
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Table 4-49. 80 Percent Credible Interval (CRI) and Mean Fatality Predictions with 
Build-Out of 33,000 MWs for Models 1, 2, 3, and 4 from 2016 to 2060  

Plan 
Year Year 

MW 
rating 

Model 1 Model 2 Model 3 Model 4 

80% CRI Mean  
80% 
CRI Mean  

80% 
CRI Mean  

80% 
CRI Mean  

1 2016 2,200 6.57 4.46 2.84 2.12 4.51 3.06 2.59 1.93 

2 2017 4,400 13.14 8.92 5.68 4.24 9.01 6.11 5.19 3.87 

3 2018 6,600 19.72 13.38 8.52 6.36 13.52 9.17 7.78 5.80 

4 2019 8,800 26.29 17.84 11.36 8.48 18.02 12.23 10.37 7.74 

5 2020 11,000 32.86 22.30 14.20 10.59 22.53 15.28 12.97 9.68 

6 2021 13,200 39.44 26.76 17.04 12.71 27.03 18.34 15.56 11.61 

7 2022 15,400 46.01 31.22 19.88 14.83 31.54 21.39 18.16 13.55 

8 2023 17,600 52.58 35.68 22.72 16.95 36.04 24.45 20.75 15.48 

9 2024 19,800 59.16 40.14 25.56 19.07 40.54 27.51 23.34 17.42 

10 2025 22,000 65.73 44.60 28.40 21.19 45.05 30.56 25.94 19.36 

11 2026 24,200 72.31 49.06 31.23 23.31 49.55 33.62 28.53 21.29 

12 2027 26,400 78.88 53.52 34.07 25.43 54.06 36.68 31.13 23.23 

13 2028 28,600 85.45 57.98 36.91 27.55 58.56 39.73 33.72 25.17 

14 2029 30,800 92.03 62.44 39.75 29.66 63.07 42.79 36.31 27.10 

15 2030 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

16 2031 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

17 2032 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

18 2033 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

19 2034 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

20 2035 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

21 2036 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

22 2037 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

23 2038 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

24 2039 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

25 2040 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

26 2041 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

27 2042 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

28 2043 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

29 2044 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

30 2045 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

31 2046 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

32 2047 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

33 2048 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

34 2049 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

35 2050 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

36 2051 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

37 2052 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 
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Plan 
Year Year MW rating 

Model 1 Model 2 Model 3 Model 4 
80% CRI Mean 80% CRI Mean 80% CRI Mean 80% CRI Mean 

38 2053 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

39 2054 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

40 2055 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

41 2056 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

42 2057 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

43 2058 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

44 2059 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

45 2060 33,000 98.60 66.90 42.59 31.78 67.57 45.84 38.91 29.04 

Total1   3746.77 2542.20 1618.45 1207.67 2567.70 1741.96 1478.55 1103.47 
1The sum of 80 percent CRI results in an overestimate of an 80 percent CRI on the sum. 
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Table 4-50. 80 Percent Mean Baseline (i.e., Existing Wind Energy Facilities) and Credible Interval (CRI) Fatality 1 
Estimates for Models 1, 2, 3, and 4 from 2016 to 2060  2 

Plan 
Year 

  
Year 

  
MW rating 

  
Model 1 

Mean (80% CRI) 
Model 2 

Mean (80% CRI) 
Model 3 

Mean (80% CRI) 
Model 4 

Mean (80% CRI) 
1 2016 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
2 2017 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
3 2018 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
4 2019 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
5 2020 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
6 2021 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
7 2022 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 

8 2023 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
9 2024 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 

10 2025 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
11 2026 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
12 2027 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
13 2028 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
14 2029 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 

15 2030 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
16 2031 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
17 2032 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
18 2033 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
19 2034 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
20 2035 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
21 2036 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
22 2037 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
23 2038 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
24 2039 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
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Plan 
Year Year MW rating 

Model 1 
Mean (80% CRI) 

Model 2 
Mean (80% CRI) 

Model 3 
Mean (80% CRI) 

Model 4 
Mean (80% CRI) 

25 2040 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
26 2041 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
27 2042 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
28 2043 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
29 2044 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
30 2045 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
31 2046 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
32 2047 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
33 2048 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
34 2049 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
35 2050 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
36 2051 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
37 2052 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
38 2053 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
39 2054 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
40 2055 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
41 2056 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
42 2057 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
43 2058 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
44 2059 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
45 2060 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 

Total1     1,642.5 (2,421.00) 780.3 (1,045.80) 1125.45 (1,658.70) 713.25 (955.35) 
1The sum of 80 percent CRI results in an overestimate of an 80 percent CRI on the sum. 
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Table 4-51. Mean and 80 Percent Credible Interval (CRI) Baseline (i.e., 
Existing Wind Energy Facilities) Fatality Estimates for Models 1, 2, 3, and 4 

from 2009 to 2015  

Year MW rating 

Model 1 
Mean 

(80% CRI) 

Model 2 
Mean 

(80% CRI) 

Model 3 
Mean 

 (80% CRI) 

Model 4 
Mean 

 (80% CRI) 

2009 8,949 18.14 (26.74) 8.62 (11.55) 12.43 (18.32) 7.88 (10.55) 
2010 10,458 21.20 (31.25) 10.07 (13.5) 14.53 (21.41) 9.20 (12.33) 
2011 11,967 24.26 (35.76) 11.53 (15.45) 16.62 (24.5) 10.53 (14.11) 
2012 13,477 27.32 (40.27) 12.98 (17.39) 18.72 (27.59) 11.86 (15.89) 
2013 14,986 30.38 (44.78) 14.43 (19.34) 20.82 (30.68) 13.19 (17.67) 
2014 16,495 33.44 (49.29) 15.89 (21.29) 22.91 (33.77) 14.52 (19.45) 

2015 18,004 36.50 (53.80) 17.34 (23.24) 25.01 (36.86) 15.85 (21.23) 
Total1  191.24 (281.89) 90.86 (121.76) 131.04 (193.13) 83.03 (111.23) 

1The sum of 80 percent CRI results in an overestimate of an 80 percent CRI on the sum. 
 
4.9.1.2.3 Electrocution and Collision with Power Lines  

Several factors influence the potential electrocution or collision risks to bald eagles from power 
lines. Historically, bald eagle electrocutions have been well documented on power lines at 
distribution line voltages (i.e., 12.47/7.2 kilovolts [kV]; 24.9/14.4 kV; APLIC 2006). However, 
collision risks have been considered to be low for raptor species, based on overall flight 
characteristics and eyesight (Olendorff and Lehman 1986), particularly since increasing line 
visibility can reduce the incidence of avian collisions (APLIC 2012). Eagle fatalities also can be 
complex, occurring mid-span when an individual bird flies into the outer conductor, pushing the 
two phases together, resulting in both a line collision and subsequent phase-to-phase contact and 
electrocution (Harness et al. 2003b). The following characterizes these overall risks to bald 
eagles from power lines. Most collection lines for wind energy facilities, however, are buried 
underground and thus do not pose a fatality or injury risk to bald eagles.  

Power Line Electrocutions 

The electrocution risk to birds on power line structures is directly related to the line’s voltage and 
configuration in addition to other biological and site-specific factors. The National Electric 
Safety Code (NESC) specifies electric conductor clearances, with greater clearances required as 
the voltages increase. Increased clearances reduce the electrocution risk of birds potentially 
making a phase-to-phase (i.e., energized to energized contact) or phase-to-ground (i.e., energized 
to grounded) contact. Line location, bird size, age of a bird, social behavior, habitats (open vs. 
forested), weather (e.g., precipitation, sun/heat), aerial contaminants (e.g., salt, dust), prey 
abundance, and propensity of certain bird species to perch or nest on power line structures help 
to define electrocution risk, with bird dimensions an integral part of this equation. 
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Established guidelines to minimize electrocution risk to large, perching birds in the U.S. have 
delineated clearances on power poles for at-risk bird species (APLIC 2012). However, a 
diversity of birds of varying sizes can be susceptible to power line electrocution risk on 
distribution equipment poles where clearances are substantially smaller (APLIC 2006). Even 
smaller passerines (songbirds) can be at risk. In one example, seven western kingbird fledglings 
(Tyrannus verticalis) were documented under a single-phase transformer pole in Colorado (L. 
Nielsen pers. comm. 2015).  

Historically, the golden eagle (Aquila chrysaetos) has shown a greater propensity for 
electrocution on power lines, as compared to bald eagles (Smith and Murphy 1972; Boeker and 
Nickerson 1975; Benson 1981; APLIC 2006). However, the risk of bald eagle electrocutions on 
power lines can be high, depending on factors such as line location relative to eagle use areas, 
line voltage and configuration, and availability of natural perch sites. Juveniles and subadult 
eagles have a higher risk of electrocution, based on their relative inexperience (Benson 1981; 
Harness and Wilson 2001). Power poles in proximity to nest sites also increase risk, as exhibited 
from 2012 to 2015 at the high-profile, video-linked bald eagle nest near Decorah, Iowa, where 
four adult and fledgling eagle electrocutions were attributed to local power poles.  

Eagles often use power line structures for hunting perches (Olendorff et al. 1981); sometimes 
using preferred perches for “still-hunting” (Boeker and Nickerson 1975; Benson 1981; APLIC 
2006), particularly in open habitats. Benson (1981) reported perch height and increased 
topography are important to eagles and can contribute to the frequency of eagle electrocutions.  

Bald eagles also may use power pole perch sites to forage in and near water resources, as their 
primary prey includes fish and waterfowl. Since water increases conductivity, a wet bird and wet 
outer primary feathers significantly increase the electrocution risk. Similarly, a saturated wood 
pole can become grounded, resulting in minimal phase-to-ground clearances and an increased 
avian electrocution risk. 

As described above, distribution voltages present a risk to eagle perching, depending on a 
number of factors. Sub-transmission voltages (i.e., 34.5 to 60 kV) also may present an 
electrocution risk to perching eagles, depending on the structure configuration. Transmission 
voltages (69 kV and above) are not typically a high electrocution risk to birds, given the 
clearances between phase-to-phase and phase-to-ground contact points established by the NESC 
engineering and design standards for those voltages. However, increased voltages require 
increased clearances for larger birds, such as eagles, and the sub-transmission and lower 
transmission voltages (up to 138 kV) can pose a risk, depending on structure configuration.  

Structure configurations can disproportionately affect avian electrocution risk. Harness (2001) 
documented in northwestern Colorado 24 percent of all structures were dead-end units within an 
area that had 51 percent of the overall detected raptor mortality and 17 percent of all units were 
transformer banks that reflected 22 percent of detected raptor mortality. Therefore, two at-risk 
configurations (totaling 41 percent of all structure units) resulted in 73 percent of all raptor 
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fatalities in one study. Structure configurations across the landscape are not equal in 
electrocution risk to birds. 

Implementation of AMM GEN9 (see Section 5.1.3.1.2) requires that the construction of 
overhead power lines at new wind energy facilities follow the APLIC guidelines to minimize the 
risk for the electrocution of covered bird species.  

Collision with Power Lines 

Collision risk to birds from overhead power lines varies, based on a number of site-specific 
factors including line design, line orientation and placement, topography, surrounding habitats, 
weather, and human influences. Avian-specific variables, defining a bird species’ susceptibility 
to line collision, includes bird size and maneuverability, flight characteristics, vision, and bird 
behavior (Anderson 1978; Beaulaurier et al. 1982; Faanes 1987; Bevanger 1994; Janss 2000; 
Bevanger and Brøseth 2001; Harness et al. 2003b; Mojica et al. 2009; Rollan et al. 2010; APLIC 
2012).  

Flight characteristics include a bird’s altitude and flight speed when approaching an overhead 
line, which can be key in defining the risk of birds colliding with the lines (Beaulaurier et al. 
1982). Species flying low and/or fast have a higher risk of colliding with power lines (Thompson 
1978; Meyer and Lee 1979; Faanes 1987), particularly if the birds are preoccupied (e.g., 
territorial defense, courtship, prey pursuit, avoiding predators). During daily movements, 
migratory stopovers, and storm events, birds often fly at lower altitudes, putting them at a greater 
risk for line collision (Willard 1978). Human activities near power lines may directly affect bird 
collision rates in areas where the two overlap. Roosting or foraging birds may flush from human 
presence, increasing the collision risk in areas with distribution or transmission power lines 
(James and Haak 1979). 

Biological characteristics influence a bird species’ collision risk. Birds with high wing loading 
(ratio of body weight to wing area or how much weight is supported by the wing) are more 
susceptible to collisions with overhead lines than birds with low wing loading. Additionally, 
birds with low aspect ratios (ratio of the wing breadth divided by wing length) are more prone to 
collision than birds with high aspect ratios (APLIC 2012). Flying in flocks restricts visibility and 
maneuverability, also increasing the avian collision risk with overhead lines (APLIC 2012). 

Species more susceptible to power line collisions include cranes, herons, swans, pelicans, and 
geese, which are large, heavy-bodied birds with high wing loading and slower maneuverability. 
Low aspect ratios are represented by small, heavy-bodied birds with short wide wings, such as 
rails and coots.  

Bald eagles possess high-accuracy eyesight, are agile fliers, and typically do not exhibit 
behavioral or flight characteristics that would increase collision risk with overhead lines. 
However, more recent studies have documented bald eagle line collisions with both transmission 
(>69 kV) and distribution voltages (Harness et al. 2003b; Mojica et al. 2009), and individuals 
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may be prone to line collisions when preoccupied or distracted (e.g., territorial defense, 
courtship, hunting). Harness et al. (2003b) reported that bald eagle collisions were observed in 
Alaska when eagles, competing for cannery fish, collided with the distribution lines supporting 
the cannery facility. In Maryland over a 22-year period (1985-2007), Mojica et al. (2009) 
recorded 21 bald eagle fatalities from collisions with distribution lines on the U.S. Army’s 
Aberdeen Proving Ground.  

The incidence of eagles colliding with wires mid-span resulting in an electrocution has been 
documented, primarily with distribution voltages, but little is known on the frequency of these 
events. Eagles are similar to waterbirds (e.g., herons, pelicans, cranes) in that despite acute 
eyesight, their large, heavy bodies and flight momentum can combine to carry the bird into 
conductor phases, bridging the gap and resulting in both a line collision and a phase-to-phase 
electrocution. 

Power line design, location, and orientation relative to bird use areas and/or daily flight paths 
directly influence the collision risk with overhead power lines (Mojica et al. 2009; APLIC 2012). 
However, avian collision risk with overhead lines is not uniform, and determining relative risk is 
generally governed by the type of electrical infrastructure in proximity to the potential bird 
species or groups present and the associated habitats (Olendorff and Lehman 1986; Bevanger 
and Brøseth 2001; Harness et al. 2003b; Mojica et al. 2009; APLIC 2012). 
 
Raptors are adept flyers and raptor collision incidents with overhead lines occur with less 
frequency as other bird species (Bevanger 1994). Little is known and few records exist regarding 
bald eagles colliding with overhead power lines. Mojica et al. (2009) documented an increase in 
bald eagle collision mortality, based on the location of three-phase distribution lines (less than 40 
kV) relative to both vegetation height and aquatic shoreline habitat, as compared to other inland 
habitats located more than1 km from the shore. This study documented the largest incidence of 
bald eagle collisions (21 individuals) with overhead lines recorded in the U.S. It should be noted 
that the study occurred over a 22-year period (average of less than one eagle per year). Harness 
et al. (2003b) also reported line location was important, reporting bald eagle collisions with 
distribution lines in Alaska near artificial, concentrated eagle feeding areas. Out of 23 eagle 
carcasses located during a system survey in Montana, NorthWestern Energy documented 22 
golden eagle fatalities and 1bald eagle fatality located mid-span along the utility’s lines, inferring 
overhead line collisions, given the distance from structures and the potential electrocution risk 
(Harness et al. 2003b).  
 
Marking overhead lines, particularly the smaller-diameter overhead shield wire on transmission 
voltages, is a common mitigation approach to reduce the overall collision risk to resident and 
migratory birds (APLIC 2012). Although the efficacy of marking devices varies based on a wide 
range of field studies and statistical analyses, increasing a line profile and its visibility has shown 
to reduce the bird collision risk anywhere from 29 percent to 89 percent (Crowder 2000; Yee 
2008; Murphy et al. 2009; Ventana Wildlife Society 2009; APLIC 2012; Sporer et al. 2013).  
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In summary, the risk of bald eagles colliding with overhead lines would depend on site-specific 
variables and would need to be evaluated on an individual facility basis. Few bald eagle 
collisions have been documented with overhead power lines, except under certain scenarios 
associated with high habitat values and concentrated eagle use. Major bald eagle concentration 
areas in the Plan Area, however, occur outside of the Covered Lands in instances where eagle 
collision risk has been estimated as moderate to high, based on the site-specific factors, line 
marking has been shown to reduce potential collision risks. Implementation of AMM GEN9 (see 
Section 5.1.3.2) requires that construction of overhead power lines at new wind energy facilities 
follow the APLIC guidelines to minimize the risk for collision of covered bird species with 
power lines as well as electrocution risk. Through the implementation of the applicable AMMs 
(see Section 5.1.3.1.2), it is anticipated that any remaining risk to bald eagles due to facility 
power lines will be covered by the conservative estimate of the mortality predictions associated 
with turbine collisions. 

4.9.2 Indirect Impacts 

Indirect impacts of wind energy development on bald eagles may include disturbance or 
displacement such as disturbance associated with nest sites or roost locations or displacement of 
foraging activity in areas away from a wind energy facility. Potential indirect impacts on bald 
eagles can displace birds either temporarily or permanently due to construction or operation of a 
wind energy facility. Primary bald eagle breeding and foraging habitat include aquatic habitats 
and the Covered Lands do not include substantial Plan Area aquatic habitat areas (Covered 
Lands do not include land within 3 miles of the Great Lakes, land within one mile from the edges 
of rivers, land within the floodplains of the Mississippi and Illinois rivers, and land around large 
lakes in Minnesota supporting migratory birds), which will minimize potential indirect impacts 
to bald eagles in these areas of high bald eagle use. However, bald eagles use areas throughout 
the Plan Area and there is the potential for disturbance/displacement impacts to bald eagles 
within the Plan Area.  

Behavioral displacement (avoidance) may lead to decreased habitat suitability for local 
populations. Raptors displaced by wind energy development may move to lower quality habitat 
with fewer disturbances, with an overall effect of reducing breeding success. Some studies 
suggest displacement effects associated with wind energy may have a greater impact than 
collision mortality (Gill et al. 1996; Pearce-Higgins et al. 2012). The greatest concern for indirect 
impact of wind energy facilities on wildlife resources is where these facilities have been 
constructed in native vegetation communities, such as grasslands or shrub steppe that provide 
comparatively rare, high-quality habitat for bird types and species of concern (USFWS 2012g). 
However, most studies on raptor displacement at wind energy facilities indicated displacement to 
be negligible (Howell and Noone 1992; Johnson et al. 2000, 2003; Madders and Whitfield 2006). 
However, there are some exceptions that have been documented in publicly available literature. 
In Scotland, territorial eagles were found to avoid an entire wind energy facility area, except 
when intercepting non-territorial birds (Walker et al. 2005). Hen harriers (Circus cyaneus; also 
known as northern harriers) and buzzards (Buteo buteo) showed reduced flight activity around 
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turbines at a wind energy facility in Europe (Pearce-Higgins et al. 2009). A study in Wisconsin 
found that raptor abundance was 47 percent less post-development compared to pre-construction 
levels; however, whether this possible displacement effect will remain constant over time, 
become more pronounced, or decrease through habituation is unknown (Garvin et al. 2011). 
Finally, a study at the Buffalo Ridge wind energy facility in Minnesota found evidence of 
northern harriers avoiding turbines on both a small scale (less than 100 m from turbines) and a 
larger scale (105 to 5,364 m) in the year following construction (Johnson et al. 2000). The 
northern harriers appeared to habituate to the facility, with no large-scale displacement detected 
2 years after the facility was built (Johnson et al. 2003).  

Implementation of AMMs BAEA2 and BAEA3 include requirements that will minimize 
disturbance- and habitat-related impacts on habitat near bald eagle nest and winter roost sites, 
thus minimizing the potential for indirect impacts on bald eagles. 

4.9.3 Overall Take Estimate 

As described in Section 4.9.1, implementation of the Covered Activities could result in take of 
bald eagle associated with individuals colliding with wind turbine blades. There is also a low risk 
of take of eagles due to electrocution or collision with wind energy facility power lines. 
Implementation of AMM GEN9 (see Section 5.1.3.1) is expected to minimize this risk and it is 
anticipated that any remaining risk will be captured by the conservative nature of the fatality 
predictions for collision with turbines. As described in Section 4.9.2, the Covered Activities are 
not expected to result in indirect impacts on bald eagle.  

The level of bald eagle take was estimated as the average take calculated for Models 1-4 at the 
80 percent CRI. Based on this average, the take of bald eagle associated with the full build-out of 
33,000 MW is estimated to be 2,353 individuals, or 52.3 individuals annually on average, over 
the term of the MWE. The estimated take of bald eagles associated with the baseline generation 
of 18,004 MW (i.e., existing wind energy facilities) is 1,520 individuals, or 34 individuals 
annually on average, over the term of the MWE. The bald eagle population in the Plan Area, 
however, has increased substantially over the past 25 years29 and is expected to increase into the 
term of the MWE; however, the historical trends in population growth are expected to attenuate 
over the term of the MWE. Any increases in the Plan Area bald eagle population over the term of 
the MWE will result in an increased risk for turbine collision fatalities of bald eagles beyond 
those modeled in Section 4.9.1.2.2. Therefore, the requested level of bald eagle take associated 
with the full build-out of 33,000 MW is 2,588 individuals, or 57.5 individuals annually on 
average. This increase assumes an overall 10 percent increase in the predicted 2009 Plan Area 
bald eagle population of 27,617 (USFWS 2009a). A similar increase is not requested for existing 
wind energy facilities because it is expected that not all existing facilities will seek take 
authorizations under the MWE, and thus it is unlikely that actual take among enrolled facilities 
                                                 
29 For example, based on breeding pair counts conducted by the States from 1990 through 2006, there has been over 
a 300 percent increase in the number of breeding pairs (source: 
http://www.fws.gov/Midwest/eagle/population/nos_state_tbl.html [accessed on 12/30/2015]). 



Take Assessment and Impact of Take Chapter 4 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 4-147 

will exceed the unadjusted estimated level of take. The total estimated bald eagle take from full 
build-out and baseline within each state is presented in Table 4-52. 

Table 4-52. State Distribution of Estimated Bald Eagle Take for Build-Out and 
Baseline Wind Energy Facilities from 2016 to 2060 

State 

Mean Estimated Bald 
Eagle Fatality from 

Build-Out 

Mean Estimated Bald 
Eagle Fatality from 

Baseline 

Mean Estimated Bald 
Eagle Fatality from 

Baseline + Build-Out 
IA 664 390 1,054 
IL 690 405 1,095 
IN 214 126 340 
MI 287 169 456 
MN 460 270 730 
MO 60 35 95 
OH 131 77 208 
WI 82 48 130 

Total 2,588 1,520 4,108 
 
To the degree that existing wind energy facilities receive a take authorization, baseline take of 
bald eagles will be reduced with implementation of AMM BAEA4 (see Section 5.8.2). 

4.9.4 Effects on Designated Critical Habitat 

Critical habitat designations are not relevant under BGEPA and critical habitat has not been 
designated for the bald eagle; therefore, no impacts on critical habitat will result from Covered 
Activities. 

4.9.5 Impact of Take 

To understand the biological impact of the take on bald eagles from Covered Activities, it is 
necessary to evaluate the impact of the predicted take at the population level. In the Final 
Environmental Assessment (FEA) for the 2009 Eagle Take Permit Rule (USFWS 2009a), the 
USFWS evaluated the level of take that could be permitted based upon the predicted ability of 
the populations to support take (i.e. USFWS established maximum take thresholds that were 
“consistent with the goal of stable or increasing breeding populations”). This section evaluates 
the predicted level of bald eagle take from Covered Activities in relation to bald eagle population 
status and the take thresholds as established by the USFWS (USFWS 2009a), as well as an 
assessment of the local area annual eagle take benchmarks as described in the ECPG (USFWS 
2013d). 
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4.9.5.1 Population Estimates 

Bald eagle populations in the U.S. have been rebounding since the ban of 
dichlorodiphenyltrichloroethane (i.e., DDT) use in 1972 and protection under the ESA. 
Populations have increased resulting in the delisting of the bald eagle under ESA in July of 2007 
and current estimates indicate that populations continue to increase today. In the 2009 FEA for 
eagle take permit rule, the USFWS estimated the predicted number of nesting pairs in the 
continental U.S. to be approximately 8,563 nesting pairs with a predicted bald eagle population 
size in the continental U.S. of approximately 68,923 bald eagles (USFWS 2009a). Within the 
Great Lakes Region (which covers the same extent as the Plan Area being considered), in 2009 
the USFWS predicted approximately 3,452 nesting pairs with a population estimate of 
approximately 27,617 bald eagles (USFWS 2009a). The bald eagle population within the U.S. 
(including the Great Lakes Region) continues to increase. As a result, it is acknowledged that the 
estimated number of bald eagles presented here is an underestimate of the actual numbers of bald 
eagles in the Great Lakes Region today. 

4.9.5.2 Take Thresholds  

In the 2009 FEA for the Eagle Take Permit Rule, the USFWS determined that because bald eagle 
populations were increasing, annual take levels of no more than ½ Maximum Sustained Yield 
(MSY), or 5 percent (one percent in cases where demographic data are lacking or questionable) 
of annual production, whichever is lower, would ensure that under all circumstances, take does 
not approach the point where the number of breeding eagles is reduced (USFWS 2009a). The 
MSY is the greatest harvest rate over an indefinite period that does not produce a decline in the 
number of breeding adults in the population. Bald eagles are currently being managed at 
national, regional, and local area scales, however, the 2009 EA only evaluated and set 
sustainable take levels at the eagle management unit (regional) scale. The Great Lakes bald eagle 
management unit covers the same geographic extent as the Plan Area currently under 
consideration in this HCP. Within the Great Lakes bald eagle management unit, the USFWS set 
annual individual take thresholds at approximately 224 individual bald eagles (5 percent of 
estimated annual production within the eagle management unit [approximately 4,488 bald 
eagles]; USFWS 2009a). The average annual requested level of take for build-out of up to 
33,000 MW of new wind energy capacity and up to 18,004 MW of existing wind energy capacity 
is 91.5 individuals or approximately 2 percent of the 2009 estimated annual production for the 
Great Lakes bald eagle management unit (USFWS 2009a). This level of predicted take is within 
the allowable take thresholds, which have been set to ensure that allowable take would be 
sustainable for bald eagle populations.  

In addition to the eagle management unit scale, the USFWS is also managing eagle take at the 
local area scale (i.e., the area within a 43 mile buffer around wind energy facilities). To ensure 
that take is not approaching levels that are biologically problematic or which cannot be 
reasonably offset through compensatory mitigation, the USFWS identified take rates of between 
1 and 5 percent of the estimated total eagle population size at the local area scale as significant, 
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with 5 percent being at the upper end of what might be appropriate under the BGEPA 
preservation standard, whether or not it is offset by compensatory mitigation (USFWS 2013d). 
Therefore, across the entire Plan Area, the USFWS can issue take permits up to 1,381 bald 
eagles (five percent of the estimated population [27,627 bald eagles; USFWS 2009] within the 
Plan Area). However, some of this take would need to be offset by compensatory mitigation. 
Actual local area population thresholds for wind energy facilities cannot be calculated at this 
time because the location proposed wind energy facilities is not known at this time; however, 
local area population thresholds will be addressed during the USFWS’s review of individual ITP 
applications and consistency reviews of COI requests (see Sections 9.4.1.3 and 9.4.2.3). 

The USFWS approach to managing bald eagles evaluates take thresholds based on estimates of 
bald eagle populations and annual production at the bald eagle management unit scale. However, 
there is a considerable increase in the number of bald eagles into the Great Lakes bald eagle 
management unit during the migration and winter season. The migratory and wintering bald 
eagles are not considered part of the resident population and are not included in the population 
estimates or the estimates of annual production. While the annual post-FEA baseline bald eagle 
take predictions for the Plan Area of up to 91.5 bald eagles per year are within the allowable take 
thresholds, it is anticipated that many of the bald eagles that will be taken will be migratory or 
wintering bald eagles. As such, the number of resident bald eagles that are expected to be taken 
is lower than the overall take prediction of 91.5 bald eagles per year and the evaluation presented 
herein is conservative (i.e., overestimates the impact of take) in that it evaluates the potential 
impacts of the overall take predictions against the resident bald eagle population and annual 
production estimates for resident bald eagles in the Great Lakes bald eagle management unit.  

4.9.5.3 Cumulative Impacts 

The 2009 FEA for the eagle take permit rule evaluated sources of anthropogenic bald eagle 
mortality. According to the 2009 FEA, in 2006-2007 there were 147 technical assistance actions 
for bald eagles within the Great Lakes Eagle Management Unit. There was an estimated annual 
average of one individual bald eagle take authorized under ESA based on data from 2002 to 2007 
and an estimate of average annual depredation/hazing permit authorizations of 8 individual bald 
eagles during the same time period. Sources of anthropogenic bald eagle mortality may include 
aircraft collisions, take associated with housing developments, commercial developments, 
transportation, energy exploration and development (including fluid minerals, coal and other 
mining, geophysical exploration, pipelines and transmission corridors, power plants, and 
hydroelectric), timber harvest, communication towers, non-energy mining, agricultural and 
habitat related activities, recreation, military training, poisoning, collisions (wires, vehicles, wind 
turbines), shooting, and trapping. 

Based on the cause of mortality for 1,553 bald eagles in the Great Lakes Eagle Management Unit 
from a USFWS dataset spanning from 1963 to 2015, the leading source of human caused 
mortality was lead, pesticide, and other poisoning (333 bald eagles), followed by shooting (199), 
electrocution (154), trapping (49), and collision with lines, vehicles, wind turbines and 
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wires (32). The cause of mortality for the remaining 786 bald eagles was identified as disease, 
disease-infection, drowned, emaciation, killed by another animal, killed by another eagle, NA, 
other, trauma, or unknown. Of the 1,553 bald eagle mortalities in the database, nine (0.58 
percent) were due to collision with wind turbines.  

The USFWS is currently in the process of preparing an Environmental Impact Statement (EIS) to 
evaluate proposed changes to the eagle permit rule and how they are managing eagles. In the 
analysis for the rule revisions, the USFWS has conducted an analysis that estimates mortality 
numbers of golden eagles from a meta-analysis of marked birds. The analysis estimates annual 
anthropogenic mortality as follows: approximately 1,000 golden eagles die from poisoning (with 
lead and rodenticides being leading cause of poisoning), approximately 1,000 from shooting, 
approximately 600 from collisions (all sources of collision), and approximately 550 from 
electrocutions. According to the USFWS, approximately 10 percent of the golden eagle 
population dies annually due to anthropogenic sources. The USFWS acknowledges that 
unfortunately the same type of data is not available for bald eagles and as such, equivalent 
estimates of annual bald eagle mortality due to anthropogenic causes are not available. However, 
in the assessment of the revised permit rule, the USFWS suggests that mortality levels due to 
anthropogenic causes may be similar for bald eagles. Assuming 10 percent of the bald eagle 
population (27,617 bald eagles; USFWS 2009; USFWS 2013d) in the Great Lakes Eagle 
Management Unit suffers mortality due to anthropogenic causes annually, we estimate 
approximately 2,762 bald eagle mortalities due to anthropogenic causes annually in the Great 
Lakes Eagle Management Unit. The annual post-baseline take prediction of up to 152 bald eagles 
due to collision with wind turbines in the Plan Area (see Table 4-49 and Table 4-50 [i.e., annual 
take attributable to build-out and baseline]) equates to approximately 6 percent of the estimated 
anthropogenic bald eagle mortality in the Great Lakes Eagle Management Unit.  

Regardless of the level and sources of anthropogenic mortality for bald eagles, the USFWS 
approach to managing bald eagles and setting take thresholds has been developed to ensure that 
take levels do not exceed levels at which population level impacts will be realized. In the 2013 
USFWS ECPG, take thresholds are further allocated to the local area scale for evaluations of 
cumulative effects. The local area scale is currently defined as the area within 43 miles of a 
facility footprint (USFWS 2013d). At the local area scale, the USFWS has set take thresholds of 
1 percent and 5 percent of the estimated total eagle population size at this scale as significant; 
with 5 percent being at the upper end of what might be appropriate under the BGEPA 
preservation standard. These local-area harvest rate benchmarks are overlain by the more 
conservative take thresholds for the eagle management units, so the overall harvest rate at the 
eagle management unit scale should not exceed levels established in the 2009 FEA for the eagle 
take permit rule.  

4.9.5.4 Conclusion 

The predicted level of bald eagle take within the Plan Area will not exceed levels established in 
the 2009 EA for the Eagle Take Permit Rule, which were set to ensure that the bald eagle 
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population remained stable or increasing. Since bald eagle populations continue to increase, the 
assessment presented above is conservative in that the estimates for the bald eagle population 
and annual production are likely underestimates of the current numbers of bald eagles and annual 
production in the Plan Area. It is also conservative in that the highest level of predicted annual 
bald eagle take was used in the assessment of population level impacts in the Plan Area. Given 
the USFWS approach to managing cumulative impacts by ensuring that annual take levels do not 
exceed 5 percent of the local area population, cumulative impacts are expected to remain within 
levels that would be sustainable for bald eagle populations in the Plan Area.  

4.10 ALTERNATE COVERED BAT SPECIES TAKE ESTIMATION SCENARIOS 

This section compares two alternate covered bat species take scenario assessments that were 
conducted by the selected take assessment method described in Section 4.2.2. The assumptions 
and data sources used in the two take assessment scenarios differed and the results of the take 
assessment under each of the scenarios were used to develop the selected method (see 
Section 4.2.2). The differences between the two take estimate scenarios and the selected method 
are presented in Table 4-53. 

Table 4-53. Primary Differences in Take Assessment Methods Scenarios 
Assumption Scenario 1 Scenario 2 Selected Method 

Fatality data sets1 

limited to the Plan Area Yes No Yes 

Reductions in take 
estimates based on 
assumed effectiveness 
of operations-related 
AMMs 

Yes Yes No2 

Reduction in take 
estimates to account for 
potential effects of WNS 
over the term of the 
MWE 

Yes No No 

1Does not include 41 fatality data sets used to inform the seasonality of take shown in Figure 4-2. 
2The selected take estimate methodology will apply take reductions attributable to AMMs based on the results of site-
specific fatality monitoring with implementation of the AMMs (see Tables 5-4, 5-6, and 5-8) following issuance of take 
authorizations (see Section 7.3). 

Results of each of the methods are presented in Table 4-54. The values presented in  
Table 4-54 are derived by dividing the total estimated take over the term of the MWE from 
build-out by the total MW in each covered species’ range (which differed between scenario 
model runs30). Scenarios 1 and 2 were not used to conduct the covered bat species take 
assessment because they included estimates of the effectiveness of the AMMs in reducing take at 

                                                 
30 Total MW in the range of the Indiana bat varied from 19,937 to 19,726 to 19,725 in Scenarios 1, 2, and the 
Selected Method, respectively. Total MW in the range of the northern long-eared bat varied from 32,904 to 33,000 
to 33,001 in Scenarios 1, 2, and the Selected Method, respectively. Total MW in the range of the little brown bat 
varied from 33,000 to 33,000 to 33,001 in Scenarios 1, 2, and the Selected Method, respectively. 
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the Plan Area scale and, for Scenario 2, because it included fatality monitoring studies from 
outside of the Plan Area. Review of the available site-specific data (e.g., take authorized under 
existing HCPs and fatality studies) indicate substantial variances in the per MW level of take. 
These variances are attributable to differences among facility-specific conditions that affect the 
susceptibility for take (e.g., proximity of a wind energy facility to maternity roosts, 
hibernaculum, and migration corridors) and the effectiveness of the operations-related AMMs 
(i.e., minimum wind turbine cut-in speed requirements). Consequently, it was determined that 
the most appropriate method was to estimate take without application of the AMMs (the 
effectiveness of which will vary among existing and proposed wind energy facilities), to only 
include fatality monitoring studies from within the Plan Area, and to require the implementation 
of the operations-related AMMs in Tables 5-4, 5-6, and 5-8 by each participating wind energy 
facility over the term of their take authorizations. The requirement to implement these 
operations-related AMMs are expected to reduce the actual level of take from the estimated take 
level, thus ensuring the Plan Area-wide and facility-specific levels of authorized take will not be 
exceeded over the term of the MWE. 

Table 4-54. Take Estimates based on Methods Scenarios 1 and 2 and the Selected 
Method without Application of AMMs INBA1, NLEB1, and LBBA1 to Minimize Take 

and Unadjusted for the Effects of WNS1 

Species Method 

Without Application of AMMs and Unadjusted 
for Effects of WNS 

Total Take from Build-Out Take/MW/45 Years2 

INBA 
Scenario 1 11,782 0.60 

Scenario 2 8,928 0.45 
Selected Method3 11,782 0.60 

NLEB 
Scenario 1 7,658 0.23 
Scenario 2 65,985 2.00 
Selected Method4 19,750 0.60 

LBBA 
Scenario 1 825,611 25.02 
Scenario 2 1,625,479 49.26 
Selected Method5 836,898 25.36 

1See Tables 5-4, 5-6, and 5-8, respectively. 
2The term of the MWE is 45 years; values are rounded to the nearest 3 decimal places. 
3From the take analysis results presented in Section 4.3.1.2.5. 
4From the take analysis results presented in Section 4.4.1.2.5. 
5From the take analysis results presented in Section 4.5.1.2.5. 
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CHAPTER 5. CONSERVATION PLAN 

5.1 INTRODUCTION  

This chapter provides a description of the Conservation Plan for the Covered Species and 
includes descriptions of the biological goals and objectives of the Midwest Wind Energy Multi-
Species Habitat Conservation Plan (MWE), measures to avoid, minimize, and mitigate the 
impact of take on the Covered Species. While the Conservation Plan is a key component of the 
MWE, a number of other components described in other chapters, combine with the 
Conservation Plan to create the full program under the MWE. These other components include 
the monitoring and adaptive management program presented in Chapter 7; the funding sources to 
implement the conservation plan presented in Chapter 8; and the procedures and processes for 
implementing the MWE presented in Chapter 9. To understand the full scope of the MWE, all of 
these components must be viewed as a whole. The following subsections overview the content of 
the Conservation Plan. 

5.1.1 Biological Goals and Objectives 

The MWE biological goals and objectives are consistent with the guidance provided in the 
federal Five-Point Policy for habitat conservation plans (HCPs)1. Biological goals are defined as 
broad guiding principles for development of a conservation strategy. 2  These biological goals are 
intended to guide the Conservation Plan to meet the statutory criteria of the Endangered Species 
Act (ESA). A biological goal to increase the survivorship and production and a goal to avoid and 
minimize impacts of the Covered Activities is established for each Covered Species. The 
biological objectives,3 in turn, are measureable, providing a basis for assessing progress in 
meeting the goals and to help inform adaptive management (see Chapter 7). Monitoring metrics4 
that will be used to measure progress towards achieving the biological objectives are presented in 
Chapter 7. The biological goals and objectives were used to develop the avoidance and 
minimization measures (AMMs) and mitigation measures and will be used to guide MWE 
implementation.  

                                                 
1 65 Federal Register (FR) No. 106 at 35242. 
2 For biological goals the Five-Point Policy states, “In the context of HCPs, biological goals are the broad, guiding principles for 
the operating conservation program of the HCP….Multiple species HCPs may categorize goals by species or by habitat, 
depending on the structure of the operating conservation program.” 
3 For biological objectives the Five-Point Policy states, “For more complex HCPs, biological objectives can be used to step down 
the biological goals into manageable, and, therefore, more understandable units….If the operating conservation program is 
relatively complex, the biological goal is divided into manageable and measurable objectives. Biological objectives are the 
different components needed to achieve the biological goal such as preserving sufficient habitat, managing the habitat to meet 
certain criteria, or ensuring the persistence of a specific minimum number of individuals….Biological objectives should include 
the following: species or habitat indicator, location, action, quantity/state, and timeframe needed to meet the objective.” 
4 Metrics are measurements or characteristics of species, natural communities, and ecological systems that are used to track 
progress toward the achievement of biological goals and objectives.  
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5.1.2 Wind Energy Facility Survey Requirements 
Proposed and existing wind energy facilities seeking take authorizations under the MWE must 
complete the applicable survey requirements described in this section. All planned future phases 
of an existing wind facility are considered to be new wind facilities and must implement the 
surveys as described for proposed facilities. The USFWS may waive the requirement to conduct 
surveys for future phases of existing facilities if the USFWS determines that survey data that has 
been previously collected for the existing facility is sufficient to meet survey requirements.   

Survey protocols and guidance are presented in Appendix G. The most current survey protocols 
will be employed at the time surveys are initiated unless the cost to implement the current survey 
method is appreciably greater than the cost to implement the methods described in Appendix G. 
These surveys must be implemented in advance of submitting applications for take 
authorizations and will provide the information necessary to identify facility-specific AMMs; 
determine estimated levels of Covered Species take and impacts on Covered Species habitats; 
and to calculate mitigation requirements. Survey and analytical methods, and results of surveys 
are a component of applications for individual incidental take permits (ITPs) and Certificate of 
Inclusion (COI) requests (see Sections 9.4.1 and 9.4.2). 

Survey Requirement (SURE)1:  Determine the presence of habitat for covered bat species 
within and adjacent to the wind energy facility site. 

Proposed Wind Energy Facilities. Proposed wind energy facilities are required to conduct pre-
construction surveys for covered bat species habitat at the facility site and within 2.5 miles of the 
facility site boundary (see Chapter 3 for a description of Covered Species habitat). Surveys will 
be conducted by a U.S. Fish and Wildlife Service (USFWS) approved biologist. Depending on 
site conditions and available data, the existence of habitat for covered bat species may be 
determined using a desktop (e.g., remote sensing using aerial imagery and existing land cover 
data) and/or ground-based analysis to identify habitat types (e.g., foraging habitat, hibernacula, 
maternity roosts, swarming habitat). Information on potential hibernacula (e.g., mine portals, 
karst topography) within 20 miles of the proposed facility site will be gathered from existing 
sources (e.g., USFWS, state resource agencies). Under this AMM a map must be prepared of 
habitat types present within 2.5 miles of the facility boundary at a minimal mapping unit of one 
acre. The information gathered during the initial assessment of habitat is the basis for designing 
and implementing preconstruction presence/absence surveys for covered bat species (see 
SURE2).  

Existing Wind Energy Facilities. Existing wind energy facilities are required to conduct 
covered bat species habitat surveys as described for proposed wind energy facilities unless, with 
the concurrence of USFWS, existing survey information is sufficient to assess the presence of 
habitat with a 2.5 mile radius of the existing facility boundary. 

Rationale: The existence of suitable habitat, including potential hibernacula, within the vicinity 
of a proposed or existing wind energy facility is used to determine the AMMs that must be 
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implemented. Determining the types of habitat present at and in the vicinity of facility sites is 
important to design presence/absence surveys and provides information for use in preparing ITP 
applications and COI requests (see Sections 9.4.1 and 9.4.2).  

SURE2: Conduct presence/absence surveys to determine occurrence of covered bat species 
and presence of significant habitat or resources.  

Proposed Wind Energy Facilities. Where bat habitat is identified based on the results of habitat 
surveys in SURE1, pre-construction presence/absence surveys will be conducted for covered bat 
species within the proposed facility site to detect the presence or likely absence of covered bat 
species. Presence/absence surveys, data analysis, and reporting will be conducted in accordance 
with the USFWS approved survey methods and guidance presented in Appendix G.5  Surveys 
will be conducted by a qualified biologist with all required permits. Pre-construction surveys 
must be conducted prior to implementation of activities that change the condition of the site, 
such as site preparation, land clearing or construction. Pre-construction surveys are conducted to 
determine (a) species occurrence, (b) bat use activity levels (e.g., detections, relative abundance, 
seasonal timing, areas of concern), and (c) presence (or probable presence) of significant bat 
habitat in the area of the proposed facility, including hibernacula (winter roosts), maternity 
roosts, swarming sites, and migration/movement corridors. If potential hibernacula are found 
under SURE1, swarm surveys will be conducted in appropriate months for the species and 
location as part of the pre-construction surveys. Proposed surveys, data analysis, and reporting 
must be developed in coordination with the USFWS (see Appendix G for an example survey 
methodology). Surveys will be conducted during each season when covered bat species may be 
present for one full survey year. All required permits must be obtained if netting or handling 
specimens. Survey reports, including all raw data, must be submitted with ITP applications and 
COI requests (see Sections 9.4.1 and 9.4.2).  

Existing Wind Energy Facilities. Existing wind energy facilities are required to conduct 
summer covered bat species presence/absence surveys prior to applying for a take authorization. 
Presence/absence surveys will be conducted in accordance with the USFWS approved survey 
methods described in Appendix G6 and as amended in the future. Survey reports, including all 
raw data, must be submitted with ITP applications and COI requests (see Sections 9.4.1 
and 9.4.2). 

Rationale: Predictions regarding risks and associated impacts on occupied habitat and for the 
take of covered bat species are difficult at the Plan Area scale given the lack of detailed 

                                                 
5 Protocols to be used for Indiana bat, northern long-eared bat, and little brown bat are described in 2015 Range-Wide Indiana 
Bat Summer Survey Guidelines in Appendix G. The USFWS may revise summer survey protocols over the term of the MWE. 
The most current summer survey protocols will be employed at the time surveys are initiated unless the cost to implement the 
current survey method is appreciably greater than the cost to implement the monitoring method described in Appendix G. 
6 Protocols to be used for Indiana bat, northern long-eared bat, and little brown bat are described in 2015 Range-Wide Indiana 
Bat Summer Survey Guidelines in Appendix G. The USFWS may revise summer survey protocols over the term of the MWE. 
The most current summer survey protocols will be employed at the time surveys are initiated, unless the cost to implement the 
current survey method is appreciably greater than the cost to implement the monitoring method described in Appendix G. 
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information on the distribution of covered bat species. Thus, these surveys provide facility-
specific scale information necessary to determine the need for implementing AMMs.  

SURE3: Determine the presence of covered bird species habitats. 

Proposed Wind Energy Facilities. If a proposed wind energy facility is located within the range 
of a covered bird species, pre-construction surveys must be conducted for covered bird species 
habitat at facility sites (for Kirtland’s warbler within a 1 mile radius of the facility site boundary 
– see SURE5). The presence of covered bird species habitat within the facility site may be 
determined by a desktop and/or ground-based analysis of to determine the presence of covered 
bird species habitat types (e.g., foraging, nesting, migration). A map of all covered bird species 
habitat must be produced at a minimal mapping unit of 1 acre. The information gathered during 
this assessment of habitat is the basis for designing and implementing preconstruction 
presence/absence surveys for covered bird species (see SURE4). 

Existing Wind Energy Facilities. Existing wind energy facilities applying for a take 
authorization are required to conduct covered bird species habitat surveys as described for 
proposed wind energy facilities unless, with the concurrence of USFWS, existing survey 
information is sufficient to the habitat map.  

Rationale: The presence of covered bird species habitat within a proposed or existing wind 
energy facility site (1) determines the AMMs that must be implemented, (2) provides 
information necessary to design proposed facilities to minimize impacts on occupied habitat, and 
(3) provides the information necessary to determine the amount of occupied habitat that could be 
removed or degraded by proposed wind energy facilities. 

SURE4: Conduct presence/absence surveys for interior least tern, piping plover, and bald 
eagle.  

Proposed Wind Energy Facilities. If nesting, foraging, or high quality migration habitat is 
found to occur for interior least tern, piping plover, and bald eagle within the boundary of a 
proposed or existing wind energy facility (see SURE3), species-specific presence/absence 
surveys must be conducted in the habitat to detect the presence or likely absence of the 
applicable covered bird species.  
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Presence/absence surveys for bald eagle will be conducted in accordance with the USFWS 
approved survey methods described in Appendix G.7  It is anticipated that habitats for interior 
least tern and piping plover are not present within the Covered Lands; however, if habitat for 
these species is present, the project proponent will coordinate with the USFWS to determine the 
survey methods. Surveys will be conducted by a qualified biologist with all required permits. 
Surveys must be conducted during each season when a covered bird species may be present for a 
minimum of one full survey year. Additional surveys may be required by USFWS depending on 
the species and circumstances of the specific facility. If available for the site, existing survey 
information that meet the standards of the survey protocol may be used to determine if habitat in 
the facility area is occupied or the project proponent may presume that the habitat is occupied for 
the purpose of determining applicable AMM and mitigation requirements.  

Existing Wind Facilities. Existing wind energy facilities are required to implement surveys for 
interior least tern and piping plover as described for proposed facilities.  Bald eagle surveys are 
not required as described for proposed facilities. The determination of presence/absence of bald 
eagles will be based on an assessment of existing bald eagle survey and other relevant available 
information. 

Rationale: Predictions regarding risks and associated impacts on occupied habitat and for the 
take of covered bird species are difficult at the Plan Area scale. Thus, these surveys provide 
facility-specific scale information necessary to estimate the likely level of take associated with a 
proposed or existing wind energy facility and the need for implementing AMMs.  

SURE5: Conduct surveys to determine occurrence of Kirtland warbler, level of habitat use, 
and presence of significant habitat or resources. 

Proposed Wind Energy Facilities. For proposed wind energy facilities that are sited outside of 
a Kirtland’s Warbler Management Areas (KWMA; see Figure 4-6), but support Kirtland’s 
warbler nesting habitat (see Figure 5-1) within 1 mile of proposed wind turbine locations, pre-
construction surveys must be conducted within 5 years before the initiation of construction to 
determine the presence of habitat and the presence/absence of Kirtland’s warbler in or within 1 
mile of the facility site (see Figure 5-1). Kirtland’s warbler surveys will be conducted by a 
qualified biologist with required permits using the survey methods described in Appendix G.8  If 
a singing male is detected, it is assumed that the habitat is occupied by a breeding pair of 
Kirtland’s warbler. 

                                                 
7 Protocols to be used for bald eagle are described in Bald Eagle Monitoring Guidelines in Appendix G. The USFWS may revise 
these protocols over the term of the MWE. The most current survey protocols will be employed at the time surveys are initiated 
unless the cost to implement the current survey method are appreciably greater than the cost to implement the monitoring method 
described in Appendix G. 
8 Protocols to be used for Kirtland’s warbler are described in Kirtland’s Warbler Annual Census Protocol in Appendix G. The 
USFWS may revise these protocols over the term of the MWE. The most current survey protocols will be employed at the time 
surveys are initiated, unless the cost to implement the current survey method are appreciably greater than the cost to implement 
the monitoring method described in Appendix G. 
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Figure 5-1. Potential Kirtland’s Warbler Nesting Habitat 

Existing Wind Facilities. Existing wind energy facilities applying for a take authorization are 
required to conduct Kirtland’s warbler presence/absence surveys as described for proposed wind 
energy facilities unless, with the concurrence of USFWS, existing survey information is 
sufficient to determine the presence/absence of Kirtland’s warbler.  

Rationale: The results of habitat surveys and presence/absence surveys will provide information 
needed to assess impacts and the risks of the facility to Kirtland’s warblers and to determine if 
AMMs must be implemented. 

SURE6. Determine the proximity of proposed wind energy facilities to bald eagle use areas.  

Using publically available information, determine the proximity of the proposed or existing wind 
energy facility to known bald eagle use areas (e.g., foraging areas, nesting sites, travel corridors). 
Recommended information sources are described in the USFWS’s Eagle Conservation Plan 
Guidance, Module 1-Land Based Wind Energy (USFWS 2013d; see Appendix G). If results of 
the evaluation indicate that the proposed or existing facility is in a bald eagle use area, the project 
proponent will conduct surveys to gather site-specific bald eagle use information (e.g., flight 
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patterns through the planned or existing wind energy facility) using methods approved by the 
USFWS.  

Rationale: The existence of bald eagle use areas within the vicinity of a proposed or existing 
wind energy facility is used to determine the AMMs must be implemented. This information will 
be used to help determine the exposure of bald eagles to facility-related take, estimate the level 
of take, and to determine the likelihood for affecting Important Eagle Use Areas and Local Area 
Populations based on the proposed or existing facilities location.  

5.1.3 Avoidance and Minimization Measures and Best Management 
Practices 

AMMs are described in this chapter for all Covered Species. All applicable AMMs must be 
implemented by proposed and existing wind energy facilities receiving a take authorization. 
AMMs are designed to avoid take and minimize the risk for take of Covered Species, and to 
reduce take of Covered Species and impacts on occupied habitat resulting from the Covered 
Activities. These AMMs are intended to meet the ESA section 10 standard to minimize and 
mitigate impacts to the maximum extent practicable. AMMs include actions such as avoidance of 
species occurrences and occupied habitat through facility design, designing facility components 
to minimize the potential for take of Covered Species (e.g., lighting, burying or marking of 
power lines, non-guyed meteorological towers), avoiding removal of occupied habitat during 
critical periods of a Covered Species’ lifecycle, and operating wind turbines at specified cut-in 
speeds during periods that covered bat species may be present.  

5.1.3.1 General Avoidance and Minimization Measures 

 Covered Bat Species 5.1.3.1.1

The following General AMMs are applicable to all covered bat species. 

AMM (GEN)1: Minimize operations-related impacts on covered bat species near 
hibernacula. This AMM applies to all applicable activities of new and existing wind energy 
facilities. Project proponents will contact the USFWS and applicable state wildlife agencies to 
determine if any hibernacula used by covered bat species are known within the vicinity of the 
wind energy facility or that are located during pre-construction and presence/absence surveys 
(see SURE1 in Section 5.1.2). Project proponents must either: (1) site new or relocated turbines 
away from current or historical hibernacula of any of the covered bat species, or (2) if siting 
turbines in these areas cannot be reasonably avoided with the concurrence of the USFWS, those 
turbines will be subject to the feathering and cut-in speed regime and described in the species-
specific AMMs in Sections 5.2.2, 5.3.2, and 5.4.2, and the tree clearing limitations in AMM 
GEN4. Avoidance requires siting turbines at least: 

• 20 miles from current or historical hibernacula supporting greater than 10,000 individuals 
of covered bat species. 
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• At least 10 miles from current or historical hibernacula supporting between 1,000 and 
9,999 individuals of covered bat species. 

• At least 5 miles from current or historical hibernacula supporting between 1 and 999 
individuals of covered bat species. 

This requirement is applicable to newly discovered hibernacula or historical hibernacula not 
addressed through hibernacula data used to identify the Covered Lands. “Historical hibernacula” 
are known occurrences of hibernacula for which the physical conditions of the hibernacula are 
still intact and functional for the species (i.e., the hibernacula habitat has not been destroyed).  

Rationale: Hibernacula supporting any number of hibernating bats are a significant resource for 
the populations of covered bat species. Siting turbines near hibernacula where bats are present in 
concentrated numbers can result in high fatality rates. 

AMM GEN2: Minimize impacts on covered bat species hibernaculum. This AMM applies to 
all applicable activities of proposed wind energy facilities. The following measures will be 
implemented to protect bat species hibernaculum’s below-ground geology, airflow patterns, karst 
topography/ hydrology or entrance(s). If blasting or drilling will occur within 0.5 mile of a 
hibernaculum entrance or known underground workings, these activities can only occur from 
May 1- August 1 to ensure hibernating bats are not affected. In addition, if the hibernaculum can 
be accessed by the project proponent, monitors will be installed to detect underground vibrations. 
If underground vibrations are detected within the hibernaculum, a geotechnical analysis must be 
conducted to ensure there will be no impacts to the hibernaculum’s below-ground geology, 
airflow patterns, hydrology, etc. Access into hibernacula will follow established white-nose 
syndrome procedures. 

Rationale: During winter, most covered bat species are restricted to suitable underground 
hibernacula. The vast majority of these sites are caves located in karst areas of the east-central 
United States; however, bats also hibernate in other cave-like locations, including abandoned 
mines. Cave volume and complexity help buffer the cave environment against rapid and extreme 
changes in outside temperature, and vertical relief helps provide a range of temperatures and 
roost sites. Changes in air flow patterns can alter the temperature regimen in caves and create 
suboptimal conditions for hibernating bats. Ground vibrations associated with blasting or drilling 
may cause cave ceilings to collapse or may arouse hibernating bats, leading to excessive energy 
expenditure. 

AMM GEN3: Minimize impacts on covered bat species in summer habitat. This AMM 
applies to all applicable activities of proposed wind energy facilities. To avoid impacts on 
occupied summer habitat, project proponents must site wind turbines and other facility  features 
at least 1,000 feet from documented summer period covered bat species capture locations, 
document maternity colonies, and patches of forest and wetlands, tree lines, and riparian 
corridors. If siting facility components in these areas cannot be reasonably implemented with the 
concurrence of the USFWS, the tree clearing limitations in AMM GEN5 must be applied.  If 
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siting of wind turbines in these areas cannot be avoided, the applicable wind turbine operational 
guidelines described in the species-specific AMMs in Sections 5.2.2, 5.2.3, and 5.2.4 must be 
implemented. 

Rationale: Siting turbines at least 1,000 feet from high value summer and movement habitat will 
reduce the risk for collisions of individuals with turbines.  Foraging and travel habitat is used by 
foraging bats during their daily search for food and water. Modification to these habitats can 
increase energy costs associated with flight, predation risk, and the available prey for foraging 
bats. Thus, maintaining intact and functioning foraging and travel habitat is an important element 
affecting the energy balance and metabolism of covered bat species. 

AMM GEN4: Avoid impacts on covered bat species winter habitat. This AMM applies to all 
applicable activities of proposed wind energy facilities. To avoid impacts to hibernacula of 
covered bat species, project proponents must avoid forest clearing within 0.25 mile of any known 
occupied or historical hibernacula (using the locations of hibernacula identified in AMM GEN1).  
Forest clearing at distances greater than 0.25 miles to the distances from hibernaculum that 
support the bat populations described in AMM GEN1 must be limited in extent such that use of 
the hibernaculum by bats will not be impacted.9    

Rationale: Habitat surrounding hibernacula is an important resource for bats emerging from 
hibernation or congregating prior to hibernation. The ecological functionality of 
swarming/staging habitat depends on the availability of specific forest conditions (size and 
maturity) to provide covered bats with the necessary resources during swarming and staging, a 
critical period nutritionally and behaviorally (e.g., mating occurs during staging in the covered 
bat species). 

AMM GEN5: Implement timing constraints to avoid construction impacts to covered bat 
species documented to be present within the wind energy facility boundary. This AMM 
applies to all applicable activities of proposed wind energy facilities. Except in emergency 
situations where there is a risk to public safety, the following timing constraints apply except as 
noted below: 

• No tree clearing of suitable spring staging/fall swarming habitat is permitted from March 
15 to May 31 and August 1 to November 15 in areas that are less than 20 miles from a 
hibernaculum supporting greater than 10,000 individuals of covered bat species, or less 
than 10 miles from a hibernaculum supporting between 1,000 and 9,999 individuals or 
less than 5 miles from hibernaculum supporting fewer than 999 individuals of covered 
bat species. 

• No tree clearing is permitted within occupied summer habitat from April 1 to 
September 30. 

                                                 
9 As described in Sections 9.4.1.3 and 9.4.2.3, the USFWS will make a determination during its evaluation of ITP applications 
and consistency review of COIs if the proposed forest clearing will impact the use of a hibernaculum. 
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• No construction activities are permitted within 0.5 mile of documented roost trees or 
other structures from April 1 to August 15 to avoid noise disturbance during maternity 
period. 

In coordination with the USFWS, specific avoidance and minimization measures may be 
developed to permit clearing during the active season on a site-specific basis. If agreement can 
be reached on specific measures, these measures will be documented by both the responsible 
USFWS the project proponent as having been implemented. 

Rationale: Female bats begin emerging from hibernation in late March and males continue to 
emerge into May (USFWS 2007b) beginning around mid-May, almost all bats will have emerged 
from hibernation by this point and begin to travel to summer roosting habitat (Kurta et al. 1997). 
USFWS (2011a) considers the period between May 15 and August 15 to be the standard survey 
window for its summer mist-netting protocol. Fall migration occurs from August 1 to October 31 
and swarming may occur from August 1 to November 15, when mating occurs (USFWS 2007b). 

AMM GEN6: Minimize cutting of hazard trees and limbs. This AMM applies to all 
applicable activities of new and existing wind energy facilities. Except in emergency situations 
where there is a risk to public safety, avoid cutting of hazard trees or tree limbs that provide 
suitable habitat for covered bat species between April 1 and September 30. If cutting of 
individual hazard trees that have roost site characteristics (peeling bark, cracks, crevices) cannot 
be avoided during the bat active period, then an emergence survey must be conducted to 
document whether or not bats are currently roosting in the tree. If no bats are observed, the tree 
may be cut the day following the second night of the survey. If bats are observed, it must be 
assumed to be a roost tree for covered bat species and tree clearing must wait until after 
September 30. 

Rationale: Minimizing the removal of hazard trees and tree limbs that support covered bat 
species habitat and are occupied during the breeding period will minimize the potential for take 
of individuals using roost trees. 

 Covered Bird Species 5.1.3.1.2

AMM GEN7: Lighting protocol for turbines/substation/meterological towers.  

Proposed Wind Energy Facilities. Proposed obstruction avoidance lighting must be approved 
by the Federal Aviation Administration (FAA).  To minimize any potential effects from FAA 
lighting on birds, proposed and repaired facilities will use the lowest intensity lighting allowed 
by FAA on nacelles and meteorological towers. Lights will be of reduced intensity and will use 
the longest duration between flashes allowable under FAA regulations and emit no light during 
the “off phase.” In addition to FAA required lights, keep lighting at both operation and 
maintenance facilities and substations located within half a mile of the turbines to the minimum 
required. A limited number of lights are expected to be installed on substations, operations and 
maintenance facilities, and above turbine tower doors for security and maintenance purposes. To 
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reduce potential attraction of birds at night, these lights will be minimized except where 
necessary for security and minimum intensity lighting will be used to the maximum extent 
practicable. No steady burning lights will be left on at buildings and instead, motion detector 
lighting or infrared light sensors will be used. Lights will be shielded downward to minimize 
skyward illumination, and high intensity, steady burning, bright lights such as sodium vapor or 
spotlights will not be used. 

Existing Wind Energy Facilities. If the existing obstruction avoidance lighting has not been 
approved by FAA, the necessary lighting to achieve compliance must be installed. Any 
additional lighting installed over the term of the MWE will comply with the requirements 
described for proposed wind energy facilities. 

Rationale: Artificial lighting may be the most important factor leading to avian collisions 
(Laskey 1954; Cochran and Graber 1958; Avery et al. 1976; Weir 1976; Elkins 1983; Verheijen 
1985; Evans Ogden 1996; Shire et al. 2000; Gauthreaux and Belser 2006). Night-migrating 
songbirds become trapped or disoriented by artificial lighting on elevated structures, which leads 
to death and injury through collisions with the structure. Birds are known to fly in a spiral pattern 
around lighted towers where they collide with guy wires, the tower, and other birds or succumb 
to exhaustion (Erickson et al. 2005). 

AMM GEN8: Permanent meteorological towers must be free standing with no guy-wires. 
This AMM applies to proposed wind energy facilities. Permanent meteorological towers 
associated with proposed wind energy facilities must be constructed without guy-wires. 
Temporary meteorological towers with guy-wires may be constructed, but must be fitted with 
bird flight diverters or high visibility marking devices and removed within 1 year of initial 
facility operations unless otherwise approved by the USFWS. 

Rationale: Avian fatalities at guyed towers have been reported in the literature for more than 
60 years (Avery et al. 1980). Guyed towers produce a high mortality risk to birds, especially for 
night migrants which are apparently attracted to the lighted tower during night and for birds that 
are active during periods of the day with poor visibility. Birds are known to fly in a spiral pattern 
around lighted towers where they collide with guy wires, the tower, and other birds or succumb 
to exhaustion (Erickson et al. 2005). 

AMM GEN9: Bury collector and communication lines and follow APLIC Standards.  

Proposed Wind Energy Facilities. Connector and communications lines must be buried unless, 
with the concurrence of the USFWS, burial of the lines is impracticable (e.g., where shallow 
bedrock exists) or where greater adverse impacts to biological resources would result. Above-
ground low and medium voltage lines, transformers and conductors will follow the 2012 or most 
recent Avian Power Line Interaction Committee’s (APLIC) Suggested Practices for Avian 
Protection on Power Lines (APLIC 2012). Overhead lines may be used when the lines parallel 
tree lines, employ bird flight diverters, or are otherwise screened so that collision risk is reduced. 
Overhead lines may be acceptable if sited away from high-use bird crossing locations (e.g., 
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between roosting, nesting, and feeding areas. The lines should be marked in accordance with 
APLIC collision guidelines. For proposed wind energy facilities, planned associated power and 
communications lines will be either buried or clearly marked following APLIC standards to deter 
bird strike. 

Existing Wind Energy Facilities. Any new connector and communications lines that may be 
installed over the term of the MWE must be buried as described for proposed wind energy 
facilities. 

Rationale: Studies of overhead line collisions involving birds have documented a significant risk 
of high-tension wires to avian species. Power lines are known to cause extensive fatalities of 
waterfowl, shorebirds and passerines. 

5.1.3.2 Specific Avoidance and Minimization Measures 

In addition to the general AMMs, the MWE includes species-specific AMMs for each of the 
covered bat species, Kirtland’s warbler, and bald eagle in Sections 5.2.2, 5.3.2, 5.4.2, 5.5.2, and 
5.8.2, respectively. The general AMMs for the covered bird species sufficiently minimize the 
potential for take of interior least tern and piping plover and no specific AMMs are required for 
these species.  

The specific avoidance and minimization measures for the covered bat species include 
curtailment of wind turbine operations to minimize mortality of covered bat species.10 
Operational adjustments include two primary methods of reducing mortality: (1) turbines are 
“feathered,” or rendered near motionless (spinning at less than 2 RPM) below the normal 
manufacturer’s cut-in speed, and (2) the cut-in speed is raised to a wind speed higher than the 
normal manufacturer’s cut-in speed during periods and in areas of greatest risk for turbine blade 
collisions with the covered bat species. These adjustments have been found to significantly 
reduce bat mortality at several wind facilities where they have been implemented, because bat 
activity and mortality have been shown to have an inverse relationship with wind speed (Arnett 
et al. 2013).  

This outcome has been evidenced in several operational adjustment studies conducted in the 
eastern and midwestern United States and Canada. Currently there is not a clear understanding of 
how effective different cut-in speed treatments are and how consistent their effectiveness is 
across facilities and locations. Variations in factors that affect turbine performance, such as 
turbine model, size, and type, likely result in inconsistent results for the same operational 
treatment implemented at different sites. Other factors, such as weather conditions, local bat 
populations and activity, and other site-specific conditions likely result in inter-annual and site-
specific variation in the effectiveness of given treatments. However, based on multiple 

                                                 
10 Studies to date have not demonstrated reductions in bird mortality from operational adjustments that include feathering 
turbines below raised cut-in speeds. 
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operational adjustment studies, higher cut-in speeds yield greater reduction in wind turbine-
related bat mortality (See Table 5-1).  

Table 5-1. Results from Publicly Available Curtailment Effectiveness Studies 

Study Name 

Normal 
Cut-in 
Speed 

(m/s)11 

Treatment 
Cut-in 

Speed (m/s) 

Mean 
Percent 

Reduction 
in Mortality 

Mean Percent 
Reduction in 
Mortality Per 
Cut-in Speed Source 

Fowler Ridge, IN 2011a 3.5 3.5 36 36 Good et al. 2012 
Summerview, Albertaa 4.0 4.0 58 58 Baerwald et al. 2009 
Fowler Ridge, IN 2011 3.5 4.5 57 

52 
Good et al. 2012 

Anonymous Project (AN01), 
USFWS Region 3 3.5 4.5 47 Arnett et al. 2013 

Casselman, PA 2008 3.5 5.0 82 

61 

Arnett et al. 2010 
Casselman, PA 2009 3.5 5.0 72 Arnett et al. 2010 
Fowler Ridge, IN 2010b 3.5 5.0 50 Good et al. 2011 
Pinnacle, WV 2012c 3.0 5.0 47 Hein et al. 2013 
Pinnacle, WV 2013 3.0 5.0 54 Hein et al. 2014 
Summerview, Alberta 3.5 5.5 60 

68 

Baerwald et al. 2009 
Fowler Ridge, IN 2011 4.0 5.5 73 Good et al. 2012 
Anonymous Project (AN01), 
USFWS Region 3 3.5 5.5 72 Arnett et al. 2013 

Sheffield, VTd 4.0 6.0 60 60 Arnett et al. 2013 
Casselman, PA 2008 3.5 6.5 82 

77 

Arnett et al. 2010 
Casselman, PA 2009 3.5 6.5 72 Arnett et al. 2010 
Fowler Ridge, IN 2010b 3.5 6.5 78 Good et al. 2011 
Pinnacle, WV 2013 3.0 6.5 76 Hein et al. 2014 
a Manufacturer’s cut-in wind speed was not raised, but turbines were feathered under normal cut-in wind speed 
b Study did not include feathering below cut-in speed 
c This effect was only found when an outlier (i.e., a night when 7 fatalities were recovered from a 5 m/s all night 
treatment turbine) was removed from the dataset 
d Raised cut-in speeds were applied only when temperatures were above 49° F (9.5° C) 

It is challenging to understand differences in effectiveness of curtailment for species that are less 
common as fatalities, such as a Myotis species, because low numbers of fatalities result in low 
power to detect differences in the effectiveness of different cut-in speeds on a species-specific 
basis. Thus, it is not well understood if feathering turbines below raised cut-in speeds will be as 
effective in reducing Myotis mortality as it is in reducing mortality of other, more commonly 
killed species of bats. However, it is likely that, based on their morphology and flight behavior, 
smaller species of bats, such as Myotis, are less active at higher wind speeds compared to larger 
species of bats that typically forage in more open habitats and at greater heights, such as the three 
species of bats most commonly found as fatalities at wind energy facilities (eastern red bats, 
hoary bats, and silver-haired bats). Therefore, operational adjustments that include feathering 

                                                 
11 Note that in some cases mean reductions for given operational adjustment treatments have been combined for studies with 
different “normal” cut-in speeds. It is recognized that there may be differences in mortality rates attributable to differences in the 
normal cut-in wind speed used; however, variation in operational parameters of different turbines and site-specific factors make it 
impossible to account for this difference in any predictable, quantitative way. 
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turbine blades at the lowest wind speeds would likely be effective at reducing mortality of 
smaller species of Myotis bats. 

All wind energy facilities that receive a take authorization must implement the seasonal wind 
turbine cut-in speed requirements described in Tables 5-4, 5-6, and 5-8 for Indiana bat, northern 
long-eared bat, and little brown bat, respectively, over the term of the authorization.  The degree 
that implementation of these cut-in speed requirements reduces operations-related take cannot be 
estimated with certainty at the Plan Area scale because their effectiveness will vary among 
facility sites based on site-specific conditions (e.g., topography, location).  Based on the range of 
curtailment effectiveness studies described above, however, it is reasonable to expect that take of 
covered bat species will be less, and potentially substantially less, than the level of take 
estimated for each of the covered bat species (see Sections 4.3.3, 4.4.3, and 4.4.4).  For example, 
Table 5-2 illustrates the range of take reduction that would be realized if implementation of the 
cut-in speed requirements for each of the covered bat species reduced take, on average, by 30-60 
percent for the build-out of 33,000 MW of new wind energy capacity. The example 30–60% take 
reduction was selected for illustrative purposes because it captures a range of assumed 
curtailment effectiveness that is less than the range of effectiveness reported in the Table 5-1 
curtailment studies and, therefore, provides a conservative illustration of take reduction potential. 
Similar reductions in take would occur for participating wind energy facilities; however the 
degree of take reduction would depend on the number and capacity of existing wind energy 
facilities that choose to participate in the MWE. 

Table 5-2. Illustrative Example of the Range of Take Reduction from the Covered 
Bat Species Take Estimates for Build-Out of 33,000 MW of New Capacity that 

would be Realized if AMM Cut-In Speed Requirements1 

Reduced Take from 30–60 Percent 

Covered Species 

Estimated Level of Take 
without Cut-In Speed 

AMMs2 

Range of Take with Implementation of Cut-In 
Speed AMMs with an Assumed Take 
Reduction Effectiveness of 30–60% 

Estimated Level of Take 

Reduction in Take from 
the Estimated Level of 

Take 
Indiana bat 10,604 7,423-4,242 3,181-6,362 
Northern long-eared bat 17,775 12,443-7,110 5,332-10,665 
Little brown bat 753,208 527,246-301,283 225,962-451,925 
1See Tables 5-4, 5-6, and 5-8. 
2From Tables 4-14, 4-19, and 4-24. 

5.1.3.3 Best Management Practices (BMPs) 

The following BMPs will assist proposed and existing wind energy facilities to reduce the risk 
for impacts on non-covered bird species protected under the Migratory Bird Treaty Act, tree bat 
species, and other species of native wildlife. The BMPs are derived from the USFWS Land-
Based Wind Energy Guidelines (USFWS 2012g). Participating wind energy companies will also 
implement additional BMPs as are necessary to comply with other federal, state, and local 
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environmental laws and regulations (e.g., Clean Water Act12, Rivers and Harbor Act13, Clean Air 
Act14, handling of toxic substances, invasive species containment and control measures). of how 
these BMPs will be implemented and, if applicable, the reason for deviations from the BMPs 
(e.g., technological or other constraints; see Sections 9.4.1 and 9.4.2). 

 Site Construction and Operation 5.1.3.3.1

All of the following BMPs apply to proposed wind energy facilities and to existing facilities only 
to the extent that that they construct additional infrastructure during the term of the MWE.  

1. Use available data from state and federal agencies, and other sources (which could 
include maps or databases), that show the location of sensitive biological resources and 
the results of the applicable survey requirements described in Section 5.1.2 to establish 
the layout of roads, power lines, fences, and other infrastructure. 

2. Minimize roads, power lines, fences, and other infrastructure associated with the wind 
energy facility and document how these components where minimized in the application 
for a MWE take authorization. Fencing will meet wildlife compatible design standards. 

3. Use native plant species identified through consultation with state and federal resource 
agencies and landowners when seeding or planting during restoration of non-croplands.  

4. Where permanent meteorological towers must be maintained on a facility site, use the 
minimum number necessary. 

5. Implement construction and management practices to minimize activities that may 
attract prey and predators to the wind energy facility. 

6. Establish non-disturbance buffer zones to protect sensitive habitats or areas of high risk 
for species of concern identified in pre-construction studies.  

7. Locate turbines to avoid separating bird and bat species of concern from their daily 
roosting, feeding, or nesting sites if documented that the turbines’ presence poses a risk 
to these species.  

8. Use tubular or other suitable tower designs  that reduce ability of birds to perch and to 
reduce risk of collision. 

9. After facility construction, close roads not needed for site operations and restore these 
roadbeds to native vegetation, consistent with landowner agreements. 

10. Reduce vehicle collision risk to wildlife by instructing facility personnel to drive at 
appropriate speeds, be alert for wildlife, and use additional caution in low visibility 
conditions. 

                                                 
12 33 United States Code (U.S.C.) §1251-1387. 
13 33 U.S.C. §301 et seq. 
14 42 U.S.C. §7401 et seq. 
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11. Instruct employees, contractors, and site visitors to avoid harassing or disturbing 
wildlife, particularly during reproductive seasons. 

12. Reduce fire hazard from vehicles and human activities (instruct employees to use spark 
arrestors on power equipment, ensure that no metal parts are dragging from vehicles, use 
caution with open flame, cigarettes, etc.). Site development and operation plans will 
specifically provide appropriate cautions and measures to be taken in the event of a 
wildfire. 

13. Garbage and waste disposal on facility sites will be managed to avoid creating attractive 
nuisances for wildlife by providing them with supplemental food.  

14. Project proponents will not implement wildlife habitat enhancements or improvements 
such as ponds, guzzlers, rock or brush piles for small mammals, bird nest boxes, nesting 
platforms, wildlife food plots unless otherwise approved by the USFWS. These wildlife 
habitat enhancements are often desirable but when added to a wind energy facility result 
in increased wildlife use of the facility which may result in increased levels of wildlife 
injury or mortality. 

 Maintenance and Repair 5.1.3.3.2

Maintenance and repair activities include replacing portions of existing wind turbines or facility 
infrastructure so that at least part of the original turbine, tower, electrical infrastructure or 
foundation is being used. Maintenance and repair BMPs include: 

1. Retrofitting of turbines will use installation techniques that minimize new site 
disturbance, soil erosion, and removal of native vegetation. 

2. Retrofits will employ shielded, separated or insulated electrical conductors that 
minimize electrocution risk to avian wildlife per APLIC (2012) suggested practices. 

3. Wind turbines will be removed when they are no longer cost effective to retrofit. 

 Repowering 5.1.3.3.3

Repowering activities are described in Section 2.4.3 and may include removal and replacement 
of turbines and associated infrastructure. Any construction/installation of new infrastructure 
associated with repowering (e.g., buildings, collector and communications lines) must be 
installed in conformance with the applicable AMMs presented in Section 5.1.3.1. If, due to 
technological, site, or other constraints, implementing the following repowering BMPs is deemed 
to be impracticable, with the concurrence of the USFWS, the project proponent will develop and 
implement alternate repowering procedures in coordination with the USFWS. 

1. Existing roads, disturbed areas and turbine strings will be re-used in repowering layouts. 

2. Roads and facilities that are no longer needed will be demolished, removed, and their 
footprint stabilized and re-seeded with native plants appropriate for the soil conditions 



Conservation Plan Chapter 5 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 5-17 

and adjacent habitat and of local seed sources where feasible, per landowner 
requirements and commitments. 

3. Existing substations and ancillary facilities will be re-used in repowering facilities. 

 Decommissioning 5.1.3.3.4

Decommissioning is the cessation of wind energy operations and removal of all associated 
equipment, roads, and other infrastructure. The land is then used for another activity.  

1. Decommissioning methods will minimize new site disturbance and removal of native 
vegetation. 

2. If topsoils are removed from non-cropland sites during decommissioning, they will be 
stockpiled and used as topsoil when restoring plant communities. Once 
decommissioning activity is complete, topsoils will be restored to assist in establishing 
and maintaining pre-construction native plant communities, consistent with landowner 
objectives. 

3. Soil will be stabilized and non-croplands re-vegetated with native plants appropriate for 
the soil conditions and adjacent habitat, and of local seed sources where feasible, 
consistent with landowner objectives. 

4. Overhead pole lines that are no longer needed will be removed. 

5. Fencing will be removed unless the landowner will be using the fence. 

5.1.4 Mitigation Measures 

The estimated requirements to mitigate for the impacts of take with full implementation of the 
Covered Activities is described for each of the Covered Species in Sections 5.2-5.8. A lesser 
amount of mitigation could be required if the Covered Activities are not fully implemented over 
the term of the MWE. The mitigation requirements described in Sections 5.2—5.8 do not include 
mitigation estimates for existing wind energy facilities that receive a take authorization because 
the number of facilities that may choose to participate in the MWE is not known. All existing 
wind energy facilities that receive a take authorization, however, will be required to mitigate for 
take of Covered Species using the methods described in these sections.  

Mitigation requirements for take of the covered bat species are estimated using Resource 
Equivalency Analysis (REA) models developed by USFWS for each of the covered bat species 
(see Appendix C). The REA models will be used by the Responsible Mitigation Entity (i.e., the 
individual Permittee, Certificate of Inclusion [COI]-holder, or the Mitigation Implementing 
Entity [MIE]) to determine their mitigation requirements as described in Section 9.4.5 for the 
covered bat species, except as described below. Currently, permissible forms of mitigation 
provided for in the REA models includes for each of the covered bat species the protection and 
restoration of occupied habitat and gating of hibernacula. The little brown bat REA model also 
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provides for the protection of artificial structures (e.g., abandoned buildings) that are used for 
roosting by little brown bats. If new data becomes available that demonstrates another mitigation 
option benefits one or all of the covered bat species, the new data, if adopted through the process 
described in Section 9.12, will be incorporated into the existing applicable REA model and will 
be available as a mitigation option over the balance of the MWE enrollment period. Over the 
term of the MWE, it is possible that a mitigation opportunity for a covered bat species may be 
identified that is not addressed in the applicable REA model and that does not warrant revisions 
to the REA model (e.g. cure for white-nose syndrome [WNS]). The identification of such 
mitigation opportunities are expected to rare over the term of the MWE. Alternate mitigation 
actions from those provided for in the REA models may be proposed and approved by the 
USFWS in coordination with the appropriate State if the proposed mitigation meets the 
following criteria.  

1. The proposed mitigation site is occupied by the covered bat species for which mitigation 
is being provided.  

2. The proposed mitigation site is located within the Plan Area. 

3. If the mitigation will be implemented outside the State where the take is incurred, it must 
be allowable under State law.  

The individual Permittee/COI-holder or the MIE must prepare and submit a science-based 
evaluation of the mitigation credits being requested under the proposed alternate proposal to the 
USFWS. Mitigation credits will be awarded following USFWS’s review and approval of the 
mitigation credit request.   

Acceptable methods for mitigating the take of the covered bird species are described in 
Sections 5.5-5.8.  

Mitigation requirements for the indirect take of the covered bat species, Kirtland’s warbler, and 
bald eagle resulting from impacts on occupied habitat will be estimated using USFWS’s Habitat 
Equivalency Analysis (HEA) methodology (occupied habitat for the interior least tern and piping 
plover is not expected to be impacted by the Covered Activities). HEA is a methodology 
developed by the National Oceanic and Atmospheric Administration (NOAA) in 1995  to 
determine compensation for resource injuries or loss, in this case for spills or physical damage.15 
HEA assumes that the resources lost will be replaced with resources serving the same ecological 
function as the original resources and at the same level as when the loss occurred. The HEA 
method calculates the additional amount of resource that must be provided to compensate for the 
period of time that the original resource was lost or partially lost.16  

The specific mitigation actions that will be implemented by the Responsible Mitigation Entity 
will be identified in Mitigation Site Plans as described in Section 9.7.2. 

                                                 
15 Available online at http://www.darrp.noaa.gov/library/pdf/heaoverv.pdf. 
16 The use of HEA has been challenged in several court cases and has prevailed. 
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5.1.4.1 Habitat Mitigation Stacking 

Although mitigation requirements are identified for each Covered Species, a mitigation site may 
be credited as mitigation for more than one Covered Species if all of the habitat requirements of 
the species for which mitigation is being provided are present in the mitigation site. This 
approach is referred to as “mitigation stacking”.  

 Mitigation for Indirect Impacts 5.1.4.1.1

Each acre of mitigation for indirect impacts on a covered bat species and Kirtland’s warbler will 
be credited as one acre of mitigation for each of these species in mitigation site locations where 
the species co-occur.  For example, if Indiana bat mitigation for indirect impacts is located 
within occupied northern long-eared bat and Kirtland’s warbler habitat, the Indiana bat 
mitigation will also be credited as mitigation for these species.  

 Mitigation for Take of Covered Bat Species 5.1.4.1.2

Covered bat species hibernaculum that are protected or enhanced for mitigation will be fully 
credited as mitigation for each of the covered bat species that use the hibernaculum. Summer 
habitat protected or restored to provide mitigation for operations-related take of a covered bat 
species will be credited at the ratios, depending on the number of covered bat species that occupy 
the site: 

• Each acre of mitigation habitat will be credited as providing 1 acre of mitigation if the 
site is only occupied by one of the covered bat species; 

• Each acre of mitigation habitat that is occupied by two of the covered bat species will be 
credited as providing 0.8 acre of mitigation for each of the species; and 

• Each acre of mitigation habitat that is occupied by all three of the covered bat species will 
be credited as providing 0.7 acre of mitigation for each of the species. 

These mitigation credit ratios are applied because the best available science-based information 
indicates that the covered bat species compete for food resources and summer roosting resources 
in locations that are inhabited by more than one of the covered bat species. Consequently, the 
value of a mitigation site is discounted for mitigation sites that are occupied by more than one 
covered bat species.   

Studies indicate interspecific competition among the covered bat species primarily by 
documenting the strategies (e.g., niche partitioning) that all three species use to reduce the 
negative effects of direct competition. Ricklefs (2007) hypothesizes that competitors share 
resources incompletely by partitioning resources among themselves. Partitioning of resources 
among competitors and avoidance behaviors between species can have their own consequences 
(e.g., foraging at a time or location more susceptible to predation) and may not be perfect in any 
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case (see Eccard and Ylönen 2002). Where avoidance of competition is not perfect, the less 
competitive species would be expected to suffer by a variety of mechanisms (e.g., less fecundity 
or increased predation). It seems likely that both processes are functioning among the covered 
bat species. Ecological theory and the available information indicates that interspecific 
competition among Indiana bat, northern long-eared bat, and little brown bat results in a more or 
less stable equilibrium where they coexist, which by definition reduces the effective carrying 
capacity of the environment for those species (Ricklefs 2007). The following describes the 
mechanisms by which the covered bat species compete for food and roosting resources in 
habitats in which they co-occur. 

Food Resources. Current research indicates one result of interspecific competition is some level 
of niche differentiation among bats (Denzinger and Schnitzler. 2013). The covered bat species 
forage on essentially the same prey base (Whitaker 2004) and thus directly compete for the same 
food resources. Lee and McCracken (2004), however, found that the little brown bat diet to be 
broader than that of the Indiana bat and northern long-eared bat. There also appear to be subtle 
differences in their exploitation of food resources. For example, Indiana bat predominately feed 
by hawking insects (USFWS 2007b) as do little brown bat, while northern long-eared bat and 
little brown bat are also capable of gleaning (USFWS 2014; Feldhamer et al. 2009). This 
suggests that northern long-eared bat and little brown bat can to some extent exploit prey 
(spiders made up around 15 percent of both species diets in a southern Illinois study) not 
generally available to the Indiana bat (Feldhamer et al. 2009). In addition, Indiana bat often 
forages along edges within forested habitat, little brown bat are known to forage in much more 
open areas, and northern long-eared bat may preferentially forage in forest interiors (Feldhamer 
et al. 2009). The three species may also divide up food resources temporally. Lee and 
McCracken (2004) found that Indiana bat and northern long-eared bat peak foraging times were 
later than that of little brown bat and that when Indiana bat and northern long-eared bat were 
captured at the same site, the peak foraging times of those two species also differed. They also 
found partitioning of the air space between Indiana bat and little brown bat (where captured 
together, little brown bat foraged lower) but not between Indiana bat and northern long-eared bat 
or little brown bat and northern long-eared bat. Bergeson et al. (2013) investigating syntopy 
between Indiana bat and little brown bat looked at selection of habitat at different scales related 
to home range of the two species. They found that little brown bat foraging range was 
significantly larger (7 times) than that of Indiana bat and encompassed multiple habitat types, 
while Indiana bat tended to forage only over bottomland forest often where the two species 
roosted. Interestingly, the little brown bat foraged in the shared bottomland forest for a short time 
in the early hours of darkness and then travelled several miles to forage in a different habitat type 
(Bergeson et al. 2013). A recent study suggests interspecific recognition of echolocation may 
also help further alleviate the negative effects of competition for the same food resources (Li et 
al. 2014). Schoeman and Jacobs (2011) posit that interspecific competition among bats for food 
remains high despite partitioning as evidenced by the large overlap in prey. 

Summer Roosting Resources. Indiana bats choose summer roosts preferentially (almost 
exclusively) under the exfoliating bark of trees (Gardner et al. 1991; USFWS 2007b; 
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Bergeson 2012); the northern long-eared bat appears to be more flexible also using crevices and 
hollows in trees (Lereculeur 2013) and at least in some cases use structures (Henderson and 
Broders 2008); and little brown bats use crevices and cavities in natural roosts (Bergeson 2012), 
but have adapted to use human structures extensively (Broders et al. 2006). At a study site in 
Michigan key parameters (in particular use of exfoliating bark, but also type of tree, live or dead 
tree, height of bat exit) were similar or overlapped for Indiana bat and northern long-eared bat 
(Foster and Kurta 1999). Lacki et al. (2009) found evidence for competition between Indiana bat 
and northern long-eared bat for roosts under exfoliating bark. The two species, however, 
partitioned roosting habitat based on structure (bark versus crevices) and diameter and height of 
roost trees. In addition, in a southern Illinois study where both Indiana bat and northern long-
eared bat were present at two different sites, Carter and Feldhamer (2005) found that Indiana bat 
tended to choose more open areas near the forest edge while northern long-eared bat more often 
roosted in the forest interior. In a study of several bat species including four Myotids in Oregon, 
the author noted potential interspecific competition for food, but concluded that distribution was 
most likely attributable to competition for roost sites, which may have been limited by timber 
harvest at one study site (Perkins 2005). 

5.1.4.2 Mitigation Site Acquisition Requirements 

Lands acquired to mitigate take of and indirect impacts on Covered Species must be approved as 
suitable for mitigation by the USFWS (see Section 9.7.2). The suitability of lands proposed to be 
acquired to provide mitigation must meet the following site selection criteria as determined 
through site surveys using the applicable methods described in Appendix G. 

1. Mitigation Site Location Requirements 

• Mitigation for covered bat species must be located within the state within which 
impacts are incurred unless otherwise agreed to by the applicable State and the 
USFWS. 

• If applicable, mitigation must occur within the appropriate Covered Species recovery 
unit. 

• Mitigation for Kirtland’s warbler must be implemented within or adjacent to occupied 
breeding habitat within the state within which impacts in its breeding range are 
incurred unless otherwise agreed to by the applicable State. Take of Kirtland’s 
warbler outside of its breeding range must be mitigated in locations within or adjacent 
to occupied breeding habitat within the Plan Area. 

• Mitigation for take of piping plover must be located within the breeding range or 
known migration stopover sites of the Great Lakes population. 

• Mitigation for impacts on interior least tern must be located in or adjacent to occupied 
breeding habitat within their range. 
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2. Lands acquired to protect existing habitat functions for Covered Species. 

• The mitigation site must support habitat for the Covered Species for which mitigation 
credit is being requested. 

• Proposed covered bat species summer habitat mitigation sites must lie within the 
home range of a known maternity colony or hibernaculum.  

• The proposed mitigation site must be occupied by or adjacent to lands occupied by 
the covered bat species for which mitigation is to be provided or must serve as known 
corridors that sustain the movement of covered bat species among patches of 
occupied foraging habitat (see Table 5-3).  

• Proposed spring staging/fall swarming habitat mitigation sites must be occupied by 
covered bat species during the staging/swarming seasons. 

• The habitat functions for Covered Species supported in mitigation sites must be under 
an identifiable threat of loss or degradation, for the covered bird species and as 
described in the REA models for the covered bat species.  

3. Lands acquired to restore Covered Species habitat. 

• Proposed covered bat species summer habitat restoration sites must be located within 
the home range of a known maternity colony and generally be contiguous with 
occupied habitat or connected to occupied habitat by means of a restored corridor. 

• Proposed covered bat species spring staging/fall swarming habitat restoration sites 
must be located within the habitat use area of an occupied hibernaculum.  

• For covered bird species, the proposed mitigation restoration site must be located 
adjacent to habitat occupied by the species for which habitat is to be restored (see 
Table 5-3). 

• The proposed mitigation restoration site must support the attributes necessary for the 
successful restoration of the mitigation habitat type (e.g., adequate water to support 
restored vegetation, suitable soils for supporting restored vegetation). 
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Table 5-3. Covered Species Mitigation Site Occupancy Requirements  

Covered Species Habitat Type 
Occupancy Requirements for Locating 

Mitigation Sites 
Indiana bat, northern long-eared 
bat, little brown bat 

Summer habitat A maternity roost site is present on the 
proposed mitigation site or surveys indicate the 
species is present on the proposed mitigation 
site (e.g., mist net surveys) during the summer 
breeding period. 

 Hibernacula The hibernaculum is occupied or has been 
known to be occupied within the previous 
2 years and the site retains its suitability for 
use as winter hibernation habitat. 

 Spring staging/fall 
swarming habitat 

The proposed mitigation site located near a 
occupied hibernaculum or a hibernaculum that 
has been known to be occupied within the 
previous 2 years and the site retains its 
suitability for use as winter hibernation habitat. 

Little brown bat Artificial roosting structure Mitigation occurs at the artificial roost site. 
Kirtland’s warbler Breeding habitat Within its occupied breeding range. 
Interior least tern Breeding habitat Along rivers supporting existing nesting 

populations. 
Piping plover (Great Lakes 
Population and Northern Great 
Plains Population) 

Breeding habitat Within the occupied breeding range of the 
Great Lakes population. 

A tool available to individual Permittees/COI-holders and the MIE to identify potential high 
value covered bat species mitigation site acquisition opportunities is The Conservation Fund’s 
(TCF) GIS-based green infrastructure network design protocol. Green infrastructure is defined as 
a strategically planned and managed network of natural lands, working landscapes, and other 
open spaces that conserves ecosystem values and functions and provides associated benefits to 
human populations. TCF is in the process of developing MWE-specific tools that provide a map-
based interconnected network of land and water resources  specifically designed to help identify 
potentially suitable covered bat species mitigation sites. Using the network design, in 
conjunction with data on maternity colonies and other data that identifies occupied habitat, 
provides the most likely locations for bat mitigation within the Plan Area.  
 
Figure 5-2 provides an example of a mitigation suitability habitat map for the Plan Area 
generated by the green infrastructure tool.  

5.1.5 Effects/Benefits of Implementing the MWE  

For each Covered Species in Sections 5.2 through 5.8, the expected effects, including potential 
benefits, of implementing the MWE over its 45-year term are briefly summarized. The 
effects/benefits summary is inclusive of the full implementation of the Covered Activities 
described in Chapter 2, the effects of the Covered Activities on the Covered Species described in 
Chapter 4, and the implementation of the AMMs and the mitigation measures described in this 
chapter.  



Conservation Plan Chapter 5 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 5-24 

 
Figure 5-2. Example of Covered Bat Species Mitigation Site Acquisition 

Opportunities Generated using the MWE Green Infrastructure Network Design 
Protocol  

5.1.6 Covered Bat Species Summer Habitat Restoration Study 

The assumption underlying the use of summer habitat restoration as mitigation for the covered 
bat species is that it functions to increase the populations of covered bat species maternity 
colonies under normal conditions. This assumption, however, is based on limited data and 
primarily on pre-WNS conditions. As an alternative to implementing an intensive level of 
mitigation site-specific effectiveness monitoring to validate the assumption that habitat 
restoration increases the size of a maternity colony, each individual Permittee/COI-holder will be 
required to contribute $500 per 1 megawatt (MW) of capacity associated their covered wind 
energy facility into a supplementary mitigation fund.17 The first priority for this fund will be a 
pooled monitoring project initiated using the methodology developed by the USGS and refined 
by the USFWS to test the underlying assumption regarding the capacity of restored summer 
habitat to effectively mitigate for take of covered bat species.  
                                                 
17 Mitigation site-specific effectiveness monitoring requires conducting surveys to determine the ongoing presence of covered bat 
species in accordance with the provisions of Section 7.4.2.1. 
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Because of the confounding influence of the spread of WNS, it is not expected that the USFWS 
will determine a pooled monitoring study is feasible for a number of years. Within 15 years of 
MWE implementation, the USFWS will determine whether or not such a study can be pursued. 
If the USFWS determines that it is not practical to conduct the study (e.g., suitable sites are not 
available to test whether restoration sites provide a benefit), funds will be used to implement 
other conservation and research actions collaboratively determined by the USFWS, individual 
Permittees, and the Administrative Implementing Entity (AIE)18 to be most appropriate for the 
conservation of the covered bat species.  The decision will be based upon the results of a Plan 
Area-wide assessment of how well restored covered bat species summer habitat mitigation has 
performed based on the results of mitigation site effectiveness monitoring (see Section 7.4.2.1). 
If the site-specific effectiveness monitoring suggests restoration is generally successful (i.e., 
covered bat species are using restoration sites) pooled monitoring contributions will be refunded. 
If after 15 years, site-specific monitoring suggests covered bat species are generally not using 
restored mitigation sites, pooled monitoring funds will be retained and applied as described 
above. 

If implemented, the pooled-monitoring effort is expected to include two components: (1) 
estimating the post-restoration increase in the number of bats in the maternity colony, which 
includes accounting for other environmental factors such as WNS that may affect the size of 
colonies over time, and (2) determining covered bat species use at restoration sites. At sites 
included in the study, covered bat species will be captured and radio-tagged to conduct habitat 
use and abundance assessments. 

5.2 INDIANA BAT 

5.2.1 Biological Goals and Objectives  

This section describes the MWE biological goals and objectives for Indiana bat. The biological 
goals and objectives are consistent with the federal Five-Point Policy for HCPs and draft Indiana 
Bat Recovery Plan (USFWS 2007b) recovery goals, objectives, and criteria. These biological 
goals and objectives were used to guide development of the avoidance, minimization, and 
compensatory mitigation measures described in Sections 5.1.3, 5.2.2, and 5.2.3, and to identify 
the monitoring requirements described in Chapter 7. 

Goal INBA1: Support the maintenance of Indiana bat population numbers (equal to 2005 
population estimates [the draft Indiana Bat Recovery Plan recovery objective]), summer and 
winter distribution, and reproductive potential of the species through habitat conservation. 

Objective INBA1.1: Protect, restore, enhance and manage priority Indiana bat 
hibernacula to enhance winter survival and fecundity. 

                                                 
18 See Section 9.2.2 for a description of the AIE. 
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Rationale: Conservation and management of important hibernacula across the Indiana 
bat’s range is essential to the species’ continued existence, recovery, and long-term 
conservation. The draft Indiana Bat Recovery Plan (USFWS 2007b) calls for permanent 
protection of a minimum of 80 percent of Priority 1 hibernacula in each Recovery Unit, 
with a minimum of one Priority 1 hibernaculum protected in each unit (reclassification 
criteria) and permanent protection of a minimum of 50 percent of Priority 2 hibernacula 
in each Recovery Unit (delisting criteria). Protection of hibernacula includes assuring 
minimal disturbance to the bats during the season of hibernation. Protection of 
hibernacula also includes conserving a buffer zone around each hibernacula and 
conservation of travel corridors between local hibernacula has also been identified as an 
important need. 

Objective INBA1.2: Protect, restore, and manage high functioning Indiana bat summer 
habitat at known maternity colonies to enhance summer survival and fecundity. Suitable 
habitat types include, but are not limited to, roosting habitat, foraging habitat, roost trees, 
water sources, and travel corridors.19 

Rationale: Protection and restoration of summer habitat near known maternity colonies 
is expected to maintain and increase habitat availability for Indiana bats and reduces the 
potential threat of habitat loss and degradation. Maintaining and increasing summer 
habitat near maternity colonies is expected to help ensure that the distribution and 
abundance of Indiana bat is maintained and potentially increased.  

Objective INBA1.3: Protect, restore, and manage Indiana bat spring staging/fall 
swarming habitat to enhance winter survival and fecundity.   

Rationale: Protecting fall swarming/spring staging habitat around known hibernacula 
will help ensure habitat availability for the Indiana bat and address the potential threat 
posed by habitat loss and degradation. Large numbers of bats concentrate in a relatively 
small area near hibernacula where they breed and forage to store up enough fat to survive 
winter. Consequently, loss or degradation of these habitat areas could reduce over winter 
survival and reproductive success. Migration to and from hibernacula is stressful for the 
Indiana bat, particularly in spring when their fat reserves are low and females are 
pregnant. As a result, adult mortality may be highest in late March and April (Thomson 
1982). During staging (i.e., after hibernation and prior to spring migration) bats forage 
extensively to replenish body reserves and a limited amount of mating occurs (Hall 1962; 
Cope and Humphrey 1977).  

  

                                                 
19 Mitigation must be consistent with the mitigation options that are addressed in the REA model version that is in effect at the 
time habitat is to be protected or restored. At the time the MWE was prepared (see Appendix C), the Indiana bat REA model 
currently does not provide for restoration or protection of water sources. Consequently, these elements of this biological objective 
will only come into effect at such time this mitigation action is incorporated into the REA model. 
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Goal INBA2: Support the maintenance of Indiana bat population numbers (equal to 2015 
population estimates), summer and winter distribution, and reproductive potential of the species 
through avoiding and minimizing take from construction and operation of wind energy facilities 
using measures described in Sections 5.1.3 and 5.2.2. 

Objective INBA2.1: Implement strategies at individual wind energy facilities that 
minimize the mortality of migrating, maternity, and staging/swarming Indiana bats from 
the operation of turbines. 

Rationale: Setting cut-in speeds and feathering requirements for wind turbines, or 
installing bat deterrents or other turbine collision avoidance technologies, at specified 
sensitive locations and seasons is expected to reduce the take of Indiana bats as described 
in Section 5.2.2.  

Objective INBA2.2: Site proposed wind energy facilities to minimize the potential for 
take of Indiana bats within maternity colonies. 

Rationale: Siting wind energy facilities in locations that minimizes the potential for take 
from maternity colonies will help ensure that implementation of the Covered Activities 
will not result in the degradation or extirpation of viable breeding subpopulations and that 
the current distribution and genetic diversity of Indiana bat within the Plan Area will be 
maintained.  

Objective INBA2.3: Site proposed wind energy facilities to minimize the potential for 
take of Indiana bat near hibernacula, including associated staging and swarming habitat. 

Rationale: Indiana bats concentrate near hibernacula during fall and thus are expected to 
be at greater risk for collision with wind turbines that are located near entrance’s to 
hibernaculum. Siting wind energy facilities in locations that minimizes the potential for 
impacts of wind turbines near hibernacula will help ensure that implementation of the 
Covered Activities will not result in levels of take sufficient to result in the potential loss 
of hibernating colonies and thus reproductive potential.  

5.2.2 Specific Avoidance and Minimization Measures 

In addition to the general AMMs for covered bat species in Section 5.1.3.1.1, the following 
specific AMMs will be implemented for the Indiana bat. 

AMM INBA1: During all times of year and periods of night when Indiana bat may be at risk, 
feather all turbines prior to reaching manufacturer set or bat-specific (tailored) cut-in speeds. 
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Wind turbines will be operated at the cut-in speeds20 by season in occupied Indiana bat habitat 
during each season as indicated in Table 5-4. Differences in cut-in speeds reflect the differences 
in risk for Indiana bat collisions with turbine blades among the seasons.  

All facilities must implement the cut-in speed requirements for the spring and fall migration 
periods. Summer cut-in speed requirements only apply to wind energy facilities that have 
documented the presence of Indiana bat during surveys conducted under survey requirement 
SURE2 (see Section 5.1.2). The cut-in speeds for spring migration, summer, and fall migration 
in Table 5-4 will be superseded by the cut-in speed requirements shown in the last two columns 
of Table 5-4 if there is risk for take of individuals from turbines located within 1,000 feet of 
maternity colony habitat or near swarming/staging areas as defined in AMM GEN1 (see Section 
5.1.3.1.1).  

Applicable cut-in speed restrictions in Table 5-4 will be in effect from 30 minutes before sunset to 
30 minutes after sunrise at facilities potentially affecting a maternity colony or swarming/staging 
areas, and from sunset to sunrise under other site conditions. Turbines need not curtail cut-in speeds 
as described in Table 5-4 if air temperatures are at or below 50 degrees Fahrenheit (oF) based on a 
rolling average of 10 minutes. For proposed wind energy facilities, if the temperature rises above 
50oF based on a 10-minute rolling average, turbines must return to the applicable site-specific cut-in 
speed in Table 5-4. Existing wind energy facilities will return to the applicable site-specific cut-in 
speed in Table 5-4 as quickly as possible within the technological limits of the facility.  

Table 5-4. Indiana Bat Seasonal Cut-in Speed Requirements at Temperatures 
50˚F or Higher1  

AMM Element 

Facilities with No Maternity Colony or Hibernaculum 
Present (hibernaculum to turbine distances 

described in AMM GEN1) 
Facilities 

with 
Maternity 
Colony 
Present 

Facilities with within 
Swarming/Staging 

Distances of 
Hibernaculum 

described in AMM 
GEN1 

Spring 
Migration Summer Fall Migration 

Effective dates April 1–May 31 June 1-July 31 August 1–
October 31 

April 1–
October 30 

August 1–November 
15 and 
March 15–May 31 

Cut-in speed 
Feather below 
manufacturers 
cut-in speed 

Feather below 
manufacturers 
cut-in speed  

Cut-in 5.0 m/s, if 
50˚F or higher See below Cut-in 6.5 m/s, if 50˚F 

or higher 

Turbines less 
than 1,000 feet 
from forest 
habitat 

Not applicable Not applicable Not applicable 
Cut-in 6.0 
m/s, if 50˚F or 
higher 

Not applicable 

Turbines 
greater than 
1,000 feet from 
forest habitat 

Not applicable Not applicable Not applicable 
Cut-in 5.0 
m/s, if 50˚F or 
higher 

Not applicable 

1 Take must not exceed the authorized limit and if take approaches the authorized limit, cut-in speeds may be 
adjusted through adaptive management to ensure authorized limit is not exceeded (see Section 7.3, Operations 
Monitoring). 

                                                 
20 All wind speed requirements identified in the AMMs refer to real-time measurements at the rotor hub height of turbines. 
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Rationale: As described in Section 5.1.3.2, curtailment is an effective way to avoid and 
minimize bat fatalities at wind turbines. Studies show that bat activity and mortality at operating 
facilities is greatest in fall (Arnett et al. 2008; USFWS 2011a). At the Fowler Ridge Wind 
Facility, only 4.4 percent of all bat fatalities were found in the spring in 2010, and 3.3 percent in 
2011. According to USFWS (2011a), 2.5 miles is the traditionally accepted maximum foraging 
distance for Indiana bat. Additionally, a recent study found that 1,000 feet is the distance that 
bats traveled from continuous suitable habitat between roosting and foraging areas within the 
study area (Stantec 2010). Based on that information, areas outside of 1,000 feet of continuous 
suitable habitat are considered to be of lower risk of bat presence, and therefore have a lower cut-
in speed. The suggested cut-in speeds take into account this graded level of risk, with higher cut-
ins closer to the colony. Flight heights during migration are inconclusive (USFWS 2011a) and 
the mortalities at wind facilities to date indicate that at least some Indiana bats are flying at rotor 
swept height. As opposed to the spring migratory period, increased mortality during fall 
migration may be a result of increased bat activity before and during migration (Arnett et al. 
2008). 

For covered bat species, there is a strong correlation between bat activity and air temperature 
(Hayes 1997; Gaisler et al. 1998). Fiedler (2004) showed the greatest bat activity correlation with 
mean nightly air temperature. Threshold temperatures were investigated by Reynolds (2006), 
who found no detectable bat activity on spring nights when daily mean temperatures dropped 
below 10.5 degree Celsius (°C) (50.9°F). USFWS (2007b) suggested that bat activity was 
constrained by falling temperatures, and that experts agree that bat activity typically declines 
below 50–55°F USFWS (2011a). Redell et al. (2006) found that as temperature decreases bat 
activity decreases with almost all bat activity ceasing below 12°C (53.6°F). Good et al. (2012) 
found that most bat activity and bat fatalities occurred when mean nightly temperatures were 
above 15°C (59°F) and that Myotis species specifically had no detectible activity below 10°C 
(50°F). 

5.2.3 Mitigation Measures 

Mitigation is proposed to compensate for the impact of take and indirect impacts on Indiana bat 
associated with the full build-out of 33,000 MW of new wind energy capacity over the term of 
the MWE. Additional mitigation will be required to mitigate the impacts of take that would be 
associated with the enrollment of existing wind facilities. As described in Section 5.1.4, 
mitigation will be calculated using the USFWS’s Indiana bat REA model and HEA 
methodology. The calculation and results of the REA and HEA mitigation analysis must be 
included in individual Permittee’s/COI-holder’s descriptions of proposed mitigation sites that are 
submitted for approval to the USFWS (see Section 9.7.2). Application of the REA model and 
HEA methodology is designed to yield the types and amounts of mitigation that, when 
implemented, will fully compensate the impacts of take and indirect impacts. Mitigation 
requirements for take associated with existing wind energy facilities that receive take 
authorizations will be calculated on a per facility basis using the methods described below for 
new wind energy facilities. 
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Mitigation habitat sites must meet the requirements described in Section 5.1.4.2. The most 
appropriate option(s) for compensating the impacts of take associated with a wind energy facility 
will be selected from among the options provided in the Indiana bat REA model (see 
Appendix C) results. The specific mitigation actions that will be implemented will be selected by 
the Responsible Mitigation Entity (see Section 9.7.2).  

5.2.3.1 Mitigation for Impacts of Take on Indiana Bat 

Options in the REA model for mitigating the impacts of take on Indiana bat include (1) the 
protection of existing summer habitat, (2) the restoration of summer habitat within the range of 
maternity colonies, (3) the protection of spring staging/fall swarming habitat, (4) the restoration 
of spring staging/fall swarming habitat and (5) the protection of occupied hibernaculum 
(including installation of new cave gates, replacement of old cave gates, stabilizing entrances to 
hibernaculum, and minimizing non-intrusion threats [e.g., smoke or contaminants entering the 
hibernaculum). (see Appendix C) 

The opportunities for protection of winter habitat are expected to be limited; therefore the 
majority of mitigation that will be implemented for Indiana bat is expected to be the protection 
and restoration of Indiana bat summer habitat. Protection of summer habitat may involve 
roosting habitat, foraging habitat, and/or functional corridor habitat. Summer habitat restoration 
actions will consist of planting trees in summer habitat to support maternity colonies.  

Mitigation provided through the restoration of Indiana bat summer habitat will be implemented 
and maintained in accordance with the NRCS Field Office Technical Guide Conservation 
Practice Standard for tree establishment for the state within which the mitigation site is located 
unless otherwise approved by the USFWS (see Appendix G). 

As described in Section 4.3.3, take of Indiana bats could reach a maximum of 10,604 individuals 
with build-out of 33,000 MW of new capacity over the 45-year term of the MWE. As described 
in Section 4.3.5, approximately 75 percent, or 7,953, of those bats are expected to be 
reproductive females. The loss of female bats also represents a loss in reproductive potential for 
the Indiana bat population.  

The USFWS’s REA model for Indiana bat (see Appendix C), includes a detailed population 
demographic model for Indiana bat to calculate the mitigation debt and differentiates between 
input parameters for the mitigation debt calculation based on whether or not the target Indiana 
bat population is stable, increasing, or decreasing.  

It is not possible to estimate the mitigation requirements with full implementation of the MWE 
given (1) the variability in mitigation credit that is provided by the various REA mitigation 
options, (2) the potential variance among the parameter values in the REA population model 
over the 15-year MWE enrollment period, and (3) the number of existing wind energy facilities 
that may apply for a take authorization. REA-generated mitigation requirements, however, will 
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be determined for each proposed and existing wind energy facility in accordance with the 
mitigation timing requirements described in Section 9.7.1.  

5.2.3.2 Mitigation for Impacts of Indirect Impacts on Indiana Bat  

Indirect impacts on Indiana bat result from impacts of the Covered Activities on occupied 
habitat. The mitigation requirements for impacts on occupied habitat are calculated using the 
USFWS’s HEA model. The HEA model requires that the land cover types that supported habitat 
and are impacted by the development of a wind energy facility be replaced by restoring in-kind 
habitat at a ratio that replaces the affected habitat values. The replacement ratio for each land 
cover type supporting habitat takes into account both its habitat value relative to other land cover 
types and the length of time necessary for the restored land cover type to develop habitat 
functions. Mitigation habitat must be located in accordance with the mitigation site acquisition 
requirements described in Section 5.1.4.2. The actual mitigation requirements for each wind 
energy facility will be calculated using the HEA model based on the actual footprint impacts of 
each proposed wind energy facility on occupied habitat (see Sections 9.4.1 and 9.4.2). The HEA 
model cannot be used to determine the mitigation requirements with full implementation of the 
Covered Activities because the facility-specific information necessary to do so is not available 
(e.g., the acreage of various land cover types supporting occupied habitat that will be removed). 
Applying assumptions regarding the proportion of land cover types supporting occupied habitat 
that are removed, however, can provide a reasonable range of mitigation acreage requirement 
scenarios.  

The maximum estimated total of occupied Indiana bat habitat that will be permanently removed 
with full implementation of the 33,000 MW of new wind energy capacity is 12,375 acres 
assuming that, on average, 5 percent of the total area of forested habitat removed within the 
construction footprint of proposed wind energy facilities within the range of Indiana bat as 
estimated through the build-out model (see Table 4-2). If the actual percentage of acreage of 
habitat removed is higher or lower than 5 percent, the mitigation requirements will 
correspondingly be higher or lower. Three habitat removal scenarios were evaluated to provide 
the range of potential habitat restoration mitigation requirements with full implementation of the 
Covered Activities: 

1. All permanently impacted occupied habitat is comprised of early successional forest.  

2. All permanently impacted occupied habitat is comprised of mature forest.  

3. All permanently impacted occupied habitat is comprised of 50 percent early successional 
forest and 50 percent mature forest.  

Based on the assumptions described above and in Table 5-5, the HEA method indicates that the 
mitigation habitat restoration requirements could range from 19,800 (all early successional forest 
impacts) to 28,463 (all mature forest impacts) acres. The actual amount of restoration that will be 
required with full implementation of the MWE is likely to differ from these extremes because it 
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is unlikely that impacts will only be comprised of a single land cover type. As described in 
Section 5.1.4.1, habitat restored to mitigation indirect impacts on Indiana bat also will serve to 
mitigate indirect impacts on northern long-eared bat and little brown bat where the site where 
these species co-occur. 

Mitigation will be provided through the restoration of forest habitat and will be implemented and 
maintained in accordance with the NRCS Field Office Technical Guide Conservation Practice 
Standard for tree establishment for the state within which the mitigation site is located unless 
otherwise approved by the USFWS (see Appendix G). 

Table 5-5. HEA Model Mitigation Requirement Scenarios for Indiana Bat 

Estimated Land 
Cover Types 

Removed 

New Facility 
Build-Out Area 

(acres)1 
Estimated Impact 

Area (acres)2 

Estimated Habitat 
Restoration 

Acreage 
Replacement 

Ratio3 

Estimated 
Mitigation Habitat 

Restoration 
Requirement 

(acres) 
All early successional 
forest 159,705 12,375 1.60 19,800 

All mature forest 159,705 12,375  2.30 28,463 
Early successional 
forest (50%), mature 
forest (50%) 

159,705 
12,375  

1.95 24,131 

12016-2030. 
2Assumed to be 5 percent of build-out Area. 
3Estimated based on replacement ratios calculated using HEA for projects with impacts on land cover types similar 
to those that will be impacted by the Covered Activities. Actual replacement ratios will be calculated on the extent 
and land cover types supporting habitat that are impacted by each proposed wind energy facility using the HEA 
methodology. 

5.2.3.3 Mitigation Site Baseline Surveys 

Within 1 year of the acquisition of an Indiana bat mitigation site by the Responsible Mitigation 
Entity, a mitigation site survey will be conducted to document baseline ecological conditions. 
These baseline conditions will be used to measure changes in ecological conditions over time 
and to determine if changed circumstances have occurred (see Section 8.4.2). The description of 
baseline ecological conditions will include the following items. 

• A habitat type map, including tree snags, and a description of dominant species and 
vegetation structure in each habitat type; 

• A description of percent canopy cover in forest and riparian vegetation polygons; 

• A description of current and historical land uses; 

• A map and description of areas infested with nonnative invasive plants;  

• Occurrence of Covered Species and documentation of key habitat uses (e.g., presence of 
covered bat species maternity roosts, estimated number of covered bat species in 
protected hibernacula, covered bird species nest sites);  
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• The estimated number of little brown bats using protected artificial little brown bat roost 
sites;  

• A description, including photographs, of the structural condition of artificial little brown 
bat roost sites and little brown bat roost site access and egress points; 

• A description, including photographs, of the structural condition of the entrance to 
covered bat species hibernaculum; and 

• A map and description of mitigation site infrastructure (e.g, roads, fence lines, buildings). 

Results of baseline ecological surveys will establish baseline conditions from which the 
ecological effectiveness of mitigation site enhancement, restoration, and management actions 
will be measured. For mitigation that protects existing habitat, the baseline condition will be 
projected future Indiana bat habitat conditions that would be present in the absence of protecting 
the mitigation site. Depending on the types of habitat restoration or management actions that 
may be implemented on a particular parcel, additional information may need to be collected 
before those actions are implemented to ensure that the sufficient baseline data has been 
collected to evaluate the effectiveness of those actions. Baseline ecological survey results will 
also be used to document the natural resources and their characteristics and condition of lands 
protected under conservation easements at the time of the mitigation site conservation easement 
transfer (see Section 9.7.2.4).  

The Responsible Mitigation Entity will prepare and submit a Baseline Ecological Condition 
Report that documents the results of baseline surveys for each mitigation site to the USFWS and 
the AIE (MIE and COI-holders only) within 60 days of completion of baseline surveys. Baseline 
surveys for mitigation credits purchased by individual Permittees/COI-holders from operators of 
USFWS approved mitigation banks and in-lieu fee programs will be conducted by the operators 
in accordance with the terms of their agreements with USFWS.21 

5.2.3.4 Mitigation Site Responsibilities 

For each Indiana bat mitigation site, the Responsible Mitigation Entity must implement the 
following activities: 

• Mitigation site compliance and mitigation monitoring in conformance with the applicable 
requirements in Section 7.4. 

• Mitigation site occupancy monitoring as described in Section 7.4.2. 

• Maintaining all infrastructure related to maintaining the mitigation habitat functions of 
the site (e.g., maintenance of fences, control of non-native species, maintenance of fire 
breaks). 

                                                 
21 Baseline ecological conditions in USFWS approved mitigation banks and in-lieu fee programs will have been established 
through the USFWS approval process. 
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• Implementing responses to changed circumstances as provided for in Section 8.4.2. 

5.2.4 Effects/Benefits of Implementing the MWE  

The effect of taking up to 10,604 Indiana bats (see Section 4.3.3), includes the lost reproductive 
capacity of up to an estimated 7,965 female Indiana bats and the reproductive loss of up to12,690 
female pups (see Section 4.3.4). The mitigation actions described above are anticipated to 
adequately compensate for the total impact of take (20,655 Indiana bat female adults and pups) 
that will result from construction of the 33,000 MW of new wind energy capacity covered under 
the MWE. Therefore, after taking into account avoidance, minimization, and mitigation 
measures that will be implemented by wind energy facilities, the overall outcome for Indiana 
bats is expected to be no net loss for the species population. The Indiana bat will directly benefit 
from reductions in the total baseline take that is expected as a result of participating existing 
wind energy facilities implementing the cut-in speed requirements in Table 5-4. The degree of 
this benefit is dependent on the number and size of existing wind energy facilities that choose to 
participate.  

The take analysis estimates the loss or degradation of up to 12,375 acres of occupied Indiana bat 
habitat over the term of the MWE (see Section 4.3.2.1). The proposed mitigation of restoring in-
kind habitat based on application of the USFWS’s HEA model habitat is expected to fully 
replace the habitat functions of the affected habitat for Indiana bat. 

5.3 NORTHERN LONG-EARED BAT 

5.3.1 Biological Goals and Objectives  

This section describes the MWE biological goals and objectives for northern long-eared bat. The 
biological goals and objectives were developed based on information in USFWS status reviews 
and the current literature. The biological goals and objectives are consistent with the guidance 
provided in the federal Five-Point Policy for HCPs. These biological goals and objectives were 
used to guide development of the avoidance, minimization, and compensatory mitigation 
measures described in Sections 5.1.3, 5.3.2, and 5.3.3, and to identify the monitoring 
requirements described in Chapter 7.  

Goal NLEB1: Support the maintenance of northern long-eared bat population numbers, summer 
and winter distribution, and the reproductive potential of the species through habitat 
conservation. 

Objective NLEB1.1: Protect, restore, and manage northern long-eared bat hibernacula to 
enhance over-winter survival and fecundity.  

Rationale: The availability of and habitat conditions in northern long-eared bat 
hibernacula are major factors determining over winter survival rates. Protecting, 
restoring, and managing winter hibernacula is expected to maintain or improve over 
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winter survival rates and thus will help ensure that the reproductive capability of breeding 
populations is maintained or enhanced. 

Objective NLEB1.2: Protect, restore, and manage high functioning northern long-eared 
bat summer habitat to enhance summer survival and fecundity. This includes, but is not 
limited to, maternity sites, foraging habitats, water sources, and travel corridors.22  

Rationale: Protection and restoration of summer habitat near known maternity colonies 
is expected to maintain and increase habitat availability for northern long-eared bats and 
reduces the potential threat of habitat loss and degradation. Maintaining and increasing 
summer habitat near maternity colonies is expected to help ensure that the distribution 
and abundance of northern long-eared is maintained and potentially increased.  

Objective NLEB1.3: Protect, restore, and manage northern long-eared bat 
staging/swarming habitat to enhance overall survival and fecundity.  

Rationale: Protecting fall swarming/spring staging habitat around known hibernacula 
will help ensure habitat availability for the northern long-eared bat and address the 
potential threat posed by habitat loss and degradation. Large numbers of bats concentrate 
in a relatively small area near hibernacula where they breed and forage to store up 
enough fat to survive winter. Consequently, loss or degradation of these habitat areas 
could reduce over winter survival and reproductive success. Prior to hibernation, northern 
long-eared bats increase their total mass by nearly 50 percent (males 45 percent, females 
41 percent) (Caire et al. 1979).  

Goal NLEB2: Support the maintenance of northern long-eared bat population numbers, summer 
and winter distribution, and reproductive potential of the species through avoiding and 
minimizing take from construction and operation of wind energy facilities using measures 
described in Sections 5.1.3 and 5.3.2.  

Objective NLEB2.1: Implement strategies at individual wind energy facilities that 
minimize the mortality of northern long-eared bats from the operation of turbines. 

Rationale: Setting cut-in speeds and feathering requirements for wind turbines, or 
installing bat deterrents or other turbine collision avoidance technologies, at specified 
sensitive locations and seasons is expected to reduce the take of northern long-eared bats 
as described in Section 5.3.2. 

Objective NLEB2.2: Site proposed wind energy facilities to minimize the potential for 
take of northern long-eared bat near hibernacula, maternity, and roosting habitat. 

                                                 
22 Mitigation must be consistent with the mitigation options that are addressed in the REA model version that is in effect at the 
time habitat is to be protected or restored. At the time the MWE was prepared (see Appendix C), the northern long-eared bat 
REA model currently does not provide for restoration or protection of water sources. Consequently, these elements of this 
biological objective will only come into effect at such time this mitigation action is incorporated into the REA model.  
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Rationale: Siting wind energy facilities in locations that minimizes the potential for take 
from hibernacula and maternity colonies will help ensure that implementation of the 
Covered Activities will not result in the degradation or extirpation of viable breeding 
subpopulations and that the current distribution and genetic diversity of northern long-
eared bat within the Plan Area will be maintained.  

5.3.2 Specific Avoidance and Minimization Measures 

In addition to the general AMMs for covered bat species in Section 5.1.3.1.1, the following 
specific AMMs will be implemented for the northern long-eared bat. 

AMM NLEB1: During all times of year and periods of night when northern long-eared bat 
may be at risk, feather all turbines prior to reaching manufacturer set or bat-specific 
(tailored) cut-in speeds. Wind turbines will be operated at the cut-in speeds23 by season in 
occupied northern long-eared bat habitat during each season as indicated in Table 5-6.  
Differences in cut-in speeds reflect the differences in risk for northern long-eared bat collisions 
with turbine blades among the seasons.  

All facilities must implement the cut-in speed requirements for the spring and fall migration 
periods. Summer cut-in speed requirements only apply to wind energy facilities that have 
documented the presence of northern long-eared bat during surveys conducted under survey 
requirement SURE2 (see Section 5.1.2. The cut-in speeds for spring migration, summer, and fall 
migration in Table 5-6 will be superseded by the cut-in speed requirements shown in the last two 
columns of Table 5-6 if there is risk for take of individuals from turbines located within 1,000 
feet of maternity colony habitat or near swarming/staging areas as defined in AMM GEN1 (see 
Section 5.1.3.1.1).  

Applicable cut-in speed restrictions in Table 5-6 will be in effect from 30 minutes before sunset 
to 30 minutes after sunrise at facilities potentially affecting a maternity colony or 
swarming/staging areas, and from sunset to sunrise under other site conditions. Turbines need 
not curtail cut-in speeds as described in Table 5-6 if air temperatures are at or below 50oF based 
on a rolling average of 10 minutes. For proposed wind energy facilities, if the temperature rises 
above 50oF based on a 10-minute rolling average, turbines must return to the applicable site-
specific cut-in speed in Table 5-6. Existing wind energy facilities will return to the applicable 
site-specific cut-in speed in Table 5-6 as quickly as possible within the technological limits of 
the facility.  

Rationale: See rationale statement for AMM INBA1 in Section 5.2.2.NLEB  

                                                 
23 All wind speed requirements identified in the AMMs refer to real-time measurements at the rotor hub height of turbines. 
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Table 5-6. Northern Long-Eared Bat Seasonal Cut-in Speed Requirements at 
Temperatures 50˚F or Higher1  

AMM Element 

Facilities with No Maternity Colony or Hibernaculum 
Present (hibernaculum to turbine distances 

described in AMM GEN1) 
Facilities 

with 
Maternity 
Colony 
Present 

Facilities with within 
Swarming/Staging 

Distances of 
Hibernaculum 

described in AMM 
GEN1 

Spring 
Migration Summer Fall Migration 

Effective dates April 1–May 31 June 1-July 31 August 1–
October 31 

April 1–
October 30 

August 1–November 
15 and 

March 15–May 31 

Cut-in speed 
Feather below 
manufacturers 
cut-in speed 

Feather below 
manufacturers 
cut-in speed  

Cut-in 5.0 m/s, if 
50˚F or higher See below Cut-in 6.5 m/s, if 50˚F 

or higher 

Turbines less 
than 1,000 feet 
from forest 
habitat 

Not applicable Not applicable Not applicable 

Cut-in 6.0 
m/s, if 50˚F or 

higher 
 

Not applicable 

Turbines 
greater than 
1,000 feet from 
forest habitat 

Not applicable Not applicable Not applicable 

Cut-in 5.0 
m/s, if 50˚F or 

higher 
 

Not applicable 

1 Take must not exceed the authorized limit and if take approaches the authorized limit, cut-in speeds may be 
adjusted through adaptive management to ensure authorized limit is not exceeded (see Section 7.3, Operations 
Monitoring). 

5.3.3 Mitigation Measures 

Mitigation is proposed to compensate for the impact of take and indirect impacts on northern 
long-eared bat and the impact of the loss or degradation of occupied northern long-eared bat 
habitat24 associated the full build-out of 33,000 MW of new wind energy capacity over the term 
of the MWE. Additional mitigation will be required to mitigate the impacts of take that would be 
associated with the enrollment of existing wind facilities. The type and amount of mitigation 
required to address these impacts will be calculated using the USFWS’s northern long-eared bat 
REA and HEA models, respectively, as described in Section 5.2.3 for Indiana bat (see Appendix 
C and Section 9.4.5). Mitigation requirements for take associated with existing wind energy 
facilities that receive take authorizations will be calculated on a per facility basis using the 
methods described below for new wind energy facilities. 

5.3.3.1 Mitigation for Impacts of Take on Northern Long-Eared Bat 

Options in the REA model for mitigating the impacts of take on northern long-eared bat are the 
same as those described in Section 5.2.3.1 for Indiana bat (see Appendix C). Mitigation for 
northern long-eared bat must be implemented in accordance with  the mitigation timing 
requirements described in Section 9.7.1.  

                                                 
24 Defined for this purpose as any habitat known to have been occupied within the previous 5 years. 
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Take of northern long-eared bat could reach a maximum of 17,775 individuals with build-out of 
33,000 MW of new capacity over the 45-year term of the MWE (see Section 4.4.3). As described 
in Section 4.4.5, approximately 50 percent, or 8,865, of those bats are expected to be 
reproductive females. The loss of female bats also represents a loss in reproductive potential for 
the northern long-eared bat population.  

Mitigation provided through the restoration of northern long-eared bat summer habitat will be 
implemented and maintained in accordance with the NRCS Field Office Technical Guide 
Conservation Practice Standard for tree establishment for the state within which the mitigation 
site is located unless otherwise approved by the USFWS (see Appendix G). 

5.3.3.2 Mitigation for Indirect Impacts on Northern Long-Eared Bat Habitat 

The mitigation requirements for impacts on occupied northern long-eared bat habitat are 
calculated using the USFWS’s HEA model as described in Section 5.1.4.  

The maximum estimated total of occupied northern long-eared bat habitat that will be 
permanently removed with full implementation of the Covered Activities is 21,391 acres 
assuming that, on average, 5 percent of the total area of forested habitat removed within the 
construction footprint of proposed wind energy facilities within the range of northern long-eared 
bat as estimated through the build-out model (see Table 4-2). If the actual percentage of acreage 
of habitat removed is higher or lower than 5 percent, the mitigation requirements will 
correspondingly be higher or lower. Three habitat removal scenarios were evaluated to provide 
the range of potential habitat restoration mitigation requirements with full implementation of the 
Covered Activities: 

1. All permanently impacted occupied habitat is comprised of early successional forest.  

2. All permanently impacted occupied habitat is comprised of mature forest.  

3. All permanently impacted occupied habitat is comprised of 50 percent early successional 
forest and 50 percent mature forest.  

Based on the assumptions described above and in Table 5-7, the HEA method indicates that the 
mitigation habitat restoration requirements could range from 34,226 (all early successional forest 
impacts) to 41,712 (all mature forest impacts) acres. The actual amount of restoration that will be 
required with full implementation of the MWE is likely to differ from these extremes because it 
is unlikely that impacts will only be comprised of a single land cover type. As described in 
Section 5.1.4.1, habitat restored to mitigation indirect impacts on northern long-eared bat also 
will serve to mitigate indirect impacts on Indiana bat and little brown bat where the site where 
these species co-occur. 

Mitigation will be provided through the restoration of forest habitat and will be implemented and 
maintained in accordance with the NRCS Field Office Technical Guide Conservation Practice 
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Standard for tree establishment for the state within which the mitigation site is located unless 
otherwise approved by the USFWS (see Appendix G). 

Table 5-7. HEA Model Mitigation Requirement Scenarios for Northern Long-Eared 
Bat 

Estimated Land 
Cover Types 

Removed 
New Facility Build-
Out Area (acres)1 

Estimated Impact 
Area (acres)2 

Estimated Habitat 
Restoration 

Acreage 
Replacement Ratio3 

Estimated 
Mitigation Habitat 

Restoration 
Requirement 

(acres) 
All early 
successional forest 282,605 21,391  1.60 34,226 

All mature forest 282,605 21,391  2.30 49,199 
Early successional 
forest (50%), mature 
forest (50%) 

282,605 
21,391  

1.95 41,712 

12013-2030. 
2Assumed to be 5 percent of build-out Area. 
3Estimated based on replacement ratios calculated using HEA for projects with impacts on land cover types similar to 
those that will be impacted by the Covered Activities. Actual replacement ratios will be calculated on the extent and 
land cover types supporting habitat that are impacted by each proposed wind energy facility using the HEA 
methodology. 

5.3.3.3 Mitigation Site Baseline Surveys 

Within one year of the acquisition of a northern long-eared bat mitigation site, the Responsible 
Mitigation Entity will conduct baseline surveys of the mitigation site and report results to the 
USFWS and the AIE as described for Indiana bat in Section 5.2.3.3.  

5.3.3.4 Mitigation Site Responsibilities 

The responsibilities of the Responsible Mitigation Entity for each northern long-eared bat 
mitigation site are the same as those described for the Indiana bat in Section 5.2.3.4.  

5.3.4  Effects/Benefits of Implementing the MWE 

The effect of taking up to 17,775 northern long-eared bats (see Section 4.4.3), includes the lost 
reproductive capacity of up to an estimated 8,865 female northern long-eared bats and the 
reproductive loss of up to14,106 female pups (see Section 4.4.5). The mitigation actions 
described above are anticipated to adequately compensate for the total impact of take (22,971 
northern long-eared bat females and pups) that will result from construction of the 33,000 MW 
of new wind energy capacity covered under the MWE. Therefore, after taking into account 
avoidance, minimization, and mitigation measures that will be implemented by wind energy 
facilities; the overall outcome for northern long-eared bats is expected to be no net loss for the 
species population. The northern long-eared bat will directly benefit from reductions in the total 
baseline take that is expected as a result of participating existing wind energy facilities 
implementing the cut-in speed requirements in Table 5-6. The degree of this benefit is dependent 
on the number and size of existing wind energy facilities that choose to participate.  
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The take analysis estimates the loss or degradation of up to 12,375 acres of occupied northern 
long-eared bat habitat over the term of the MWE (see Section 4.4.2.1). The proposed mitigation 
of restoring in-kind habitat based on application of the USFWS’s HEA model habitat is expected 
to fully replace the habitat functions of the affected habitat for northern long-eared bat. 

5.4 LITTLE BROWN BAT 

5.4.1 Biological Goals and Objectives  

This section describes the MWE biological goals and objectives for little brown bat. The 
biological goals and objectives were developed based on information in USFWS status reviews 
and the current literature. The biological goals and objectives are consistent with the guidance 
provided in the federal Five-Point Policy for HCPs. These biological goals and objectives were 
used to guide development of the avoidance, minimization, and compensatory mitigation 
measures described in Sections 5.1.3, 5.4.2, and 5.4.3, and to identify the monitoring 
requirements described in Chapter 7.  

Goal LBBA1: Seek to support maintenance of little brown bat population numbers, summer and 
winter distribution, and reproductive potential of the species through habitat conservation 
actions. 

Objective LBBA1.1: Protect, restore, and manage little brown bat hibernacula to 
enhance over-winter survival and fecundity. 

Rationale:  The availability of and habitat conditions in little brown bat hibernacula are 
major factors determining over winter survival rates. Hibernacula of little brown bat are 
most commonly in caves and mines, while a wide variety of natural and man-made 
structures are used as day and night roosts. Little brown bats are most sensitive to 
disturbance during hibernation (Thomas 1995), which can cause bats to burn crucial fat 
reserves and may lead to starvation and death. Protecting, restoring, and managing winter 
hibernacula is expected to maintain or improve over winter survival rates and thus will 
help ensure that the reproductive capability of breeding populations is maintained or 
enhanced. 

Objective LBBA1.2:  Protect, restore, and manage high functioning little brown bat 
summer habitat to enhance summer survival and fecundity. This includes, but is not 
limited to, maternity sites, foraging habitats, water sources, and travel corridors. 25 

Rationale:  Protection and restoration of summer habitat near known maternity colonies 
is expected to maintain and increase habitat availability for little brown bats and reduces 

                                                 
25 Mitigation must be consistent with the mitigation options that are addressed in the REA model version that is in effect at the 
time habitat is to be protected or restored. At the time the MWE was prepared (see Appendix C), the little brown bat REA model 
currently does not provide for restoration or protection of water sources. Consequently, these elements of this biological objective 
will only come into effect at such time this mitigation action is incorporated into the REA model. 
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the potential threat of habitat loss and degradation. Maintaining and increasing summer 
habitat near maternity colonies is expected to help ensure that the distribution and 
abundance of little brown bat is maintained and potentially increased.  

Objective1.3:  Protect, restore, and manage little brown bat swarming habitat to enhance 
winter survival and fecundity. This includes, but is not limited, to roost sites, foraging 
habitats, water sources, and travel corridors.  

Rationale:  Protecting fall swarming/spring staging habitat around known hibernacula 
will help ensure habitat availability for the little brown bat and address the potential 
threat posed by habitat loss and degradation. In August and September, prior to 
hibernation, adult little brown bats rapidly increase their body mass by about 30 percent, 
or 2 grams (Kunz et al. 1998).  

Goal LBBA2:  Avoid and minimize impacts of wind energy facilities and operations on little 
brown bat using measures as described in Sections 5.1.3 and 5.4.2. 

Objective LBBA2.1:  Implement strategies at individual wind energy facilities that 
minimize the mortality of little brown bats from the operation of turbines. 

Rationale:  Setting cut-in speeds and feathering requirements for wind turbines at 
specified sensitive locations and seasons is expected to reduce the take of little brown 
bats as described in Section 5.4.2. 

Objective LBBA2.2:  Site proposed wind energy facilities to minimize the potential for 
take of little brown bat near hibernacula, including associated staging/swarming habitat. 

Rationale:  Siting wind energy facilities in locations that minimizes the potential for take 
from hibernacula and maternity colonies will help ensure that implementation of the 
Covered Activities will not result in the degradation or extirpation of viable breeding 
subpopulations and that the current distribution and genetic diversity of little brown bat 
within the Plan Area will be maintained. 

5.4.2 Specific Avoidance and Minimization Measures 

In addition to the general AMMs for covered bat species in Section 5.1.3.1.1, the following 
specific AMMs will be implemented for the little brown bat. 
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AMM LBBA1: During all times of year and periods of night when little brown bat may be 
at risk, feather all turbines prior to reaching manufacturer set or bat-specific (tailored) 
cut-in speeds. Operate wind turbines at cut-in speeds26 by season in occupied little brown bat 
habitat—spring migration, summer, fall migration, and swarming/staging—as indicated in Table 
5-8. Differences in cut-in speeds reflect the differences in risk for little brown bat habitat 
collisions with turbine blades among the seasons. All facilities must implement the cut-in speed 
requirements for the spring and fall migration periods. Summer cut-in speed requirements only 
apply to wind energy facilities that have documented the presence of little brown bat habitat 
during surveys conducted under survey requirement SURE2 (see Section 5.1.2. The cut-in 
speeds for spring migration, summer, and fall migration in Table 5-8 will be superseded by the 
cut-in speed requirements shown in the last two columns of Table 5-8 if there is risk for take of 
individuals from turbines located within 1,000 feet of maternity colony habitat and near 
swarming/staging areas as defined in AMM GEN1 (see Section 5.1.3.1.1). Applicable cut-in 
speed restrictions in Table 5-8 will be in effect from 30 minutes before sunset to 30 minutes after 
sunrise at facilities potentially affecting a maternity colony or swarming/staging areas, and from 
sunset to sunrise under other site conditions. Turbines need not curtail cut-in speeds as described 
in Table 5-8 if air temperatures are at or below 50 oF based on a rolling average of 10 minutes. 
For proposed wind energy facilities, if the temperature rises above 50oF based on a 10-minute 
rolling average, turbines must return to the applicable site-specific cut-in speed in Table 5-8. 
Existing wind energy facilities will return to the applicable site-specific cut-in speed in Table 5-8 
as quickly as possible within the technological limits of the facility.  

Rationale: See rationale statement for AMM INBA1 in Section 5.2.2.  

  

                                                 
26 All wind speed requirements identified in the AMMs refer to real-time measurements at the rotor hub height of turbines. 
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Table 5-8. Little Brown Bat Seasonal Cut-in Speed Requirements at Temperatures 
50˚F or Higher1  

AMM Element 

Facilities with No Maternity Colony or 
Hibernaculum Present (hibernaculum to turbine 

distances described in AMM GEN1) 
Facilities 

with 
Maternity 
Colony 
Present 

Facilities with 
within 

Swarming/Staging 
Distances of 

Hibernaculum 
described in AMM 

GEN1 

Spring 
Migration Summer Fall Migration 

Effective dates April 1–May 31 June 1-July 31 August 1–
October 31 

April 1–
October 30 

August 1–November 
15 and 
March 15–May 31 

Cut-in speed 
Feather below 
manufacturers 
cut-in speed 

Feather below 
manufacturers 
cut-in speed  

Cut-in 5.0 
m/s, if 50˚F or 
higher 
 

See below Cut-in 6.5 m/s, if 
50˚F or higher 

Turbines less than 
1,000 feet from forest 
habitat 

Not applicable Not applicable Not applicable 

Cut-in 6.0 
m/s, if 50˚F 
or higher 
 

Not applicable 

Turbines greater than 
1,000 feet from forest 
habitat2 

Not applicable Not applicable Not applicable 

Cut-in 5.0 
m/s, if 50˚F 
or higher 
 

Not applicable 

1Take must not exceed the authorized limit and if take approaches the authorized limit, cut-in speeds may be 
adjusted through adaptive management to ensure authorized limit is not exceeded (see Section 7.3, Operations 
Monitoring). 
2Unlike the Indiana bat and northern long-eared bat, the little brown bat is more likely to fly over open spaces and, 
therefore, little brown bat may be at greater risk for collision with wind turbines located further away from forest 
habitat than Indiana bat and northern long-eared bat depending on site-specific conditions. 

5.4.3 Mitigation Measures 

Mitigation is proposed to compensate for the impact of take and indirect  impacts on little brown 
bat and the impact of the loss or degradation of occupied little brown bat habitat27 associated 
with the full build-out of 33,000 MW of new wind energy capacity over the term of the MWE. 
Additional mitigation will be required to mitigate the impacts of take that would be associated 
with the enrollment of existing wind facilities. The type and amount of mitigation required to 
address these impacts will be calculated using the USFWS’s little brown bat REA and HEA 
models, respectively, as described in Section 5.2.3 for Indiana bat (see Appendix C  and 
Section 9.4.5). Mitigation requirements for take associated with existing wind energy facilities 
that receive take authorizations will be calculated on a per facility basis using the methods 
described below for new wind energy facilities. 

5.4.3.1 Mitigation for Impacts of Take on Little Brown Bat 

Options in the REA model for mitigating the impacts of take on little brown bat include those 
that are described in Section 5.2.3.1 for the Indiana bat.. In addition the little brown bat includes 
the protection of occupied artificial maternity roost structures (e.g., abandoned buildings; see 
                                                 
27 Defined for this purpose as any habitat known to have been occupied within the previous 5 years. 
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Appendix C). Mitigation for little brown bat must be implemented in accordance with the 
mitigation timing requirements described in Section 9.7.1.  

Take of little brown bat could reach a maximum of 753,208 individuals with build-out of 33,000 
MW of new capacity over the 45-year term of the MWE (see Section 4.5.3). As described in 
Section 4.5.5, approximately 50 percent, or 376,604, of those bats are expected to be 
reproductive females. The loss of female bats also represents a loss in reproductive potential for 
the little brown bat population.  

Mitigation provided through the restoration of little brown bat summer habitat will be 
implemented and maintained in accordance with the NRCS Field Office Technical Guide 
Conservation Practice Standard for tree establishment for the state within which the mitigation 
site is located unless otherwise approved by the USFWS (see Appendix G). 

5.4.3.2 Mitigation for Indirect Impacts on Little Brown Bat 

The mitigation requirements for impacts on occupied little brown bat habitat are calculated using 
the USFWS’s HEA model as described in Section 5.1.4. The impacts of the Covered Activities 
on little brown bat occupied habitat are the same as those for northern long-eared bat (see 
Sections 4.4.2.1.1 and 4.5.2.1.1, respectively). Consequently, the mitigation requirements for 
little brown bat are the same as those for the northern long-eared bat (see Section 5.3.3.2) As 
described in Section 5.1.4.1, habitat restored to mitigation indirect impacts on little brown also 
will serve to mitigate indirect impacts on northern long-eared bat and Indiana bat where the site 
where these species co-occur. 

5.4.3.3 Mitigation Site Baseline Surveys 

Within one year of the acquisition of a little brown bat mitigation site, the Responsible 
Mitigation Entity will conduct baseline surveys of the mitigation site and report results to the 
USFWS and the AIE as described for Indiana bat in Section 5.2.3.3.  

5.4.3.4 Mitigation Site Responsibilities 

The responsibilities of the Responsible Mitigation Entity for each little brown bat mitigation site  
are the same as those described for the Indiana bat in Section 5.2.3.4.  

5.4.4 Effects/Benefits of Implementing the MWE 

The effect of taking up to 753,208 little brown bats (see Section 4.5.3), includes the lost 
reproductive capacity of  up to an estimated 376,604 female little brown bats and the 
reproductive loss of up to 361,410 female pups (see Section 4.5.5). The mitigation actions 
described above are anticipated to adequately compensate for the total impact of take (738,014 
little brown bat female adults and pups) that will result from construction of the 33,000 MW of 
new wind energy capacity covered under the MWE. Therefore, after taking into account 
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avoidance, minimization, and mitigation measures that will be implemented by wind energy 
facilities; the overall outcome for little brown bats is expected to be no net loss for the species 
population. The little brown bat will directly benefit from reductions in the total baseline take 
that is expected as a result of participating existing wind energy facilities implementing the cut-
in speed requirements in Table 5-. The degree of this benefit is dependent on the number and size 
of existing wind energy facilities that choose to participate.  

The take analysis estimates the loss or degradation of up to 12,375 acres of occupied little brown 
bat habitat over the term of the MWE (see Section 4.5.2.1). The proposed mitigation of restoring 
in-kind habitat based on application of the USFWS’s HEA model habitat is expected to fully 
replace the habitat functions of the affected habitat for little brown bat. 

5.5 KIRTLAND’S WARBLER 

5.5.1 Biological Goals and Objectives  

This section describes the MWE biological goals and objectives for Kirtland’s warbler. The 
biological goals and objectives are consistent with the federal Five-Point Policy for HCPs and 
the Kirtland’s warbler recovery plan (USFWS 1985a) recovery goals, objectives, and criteria. 
These biological goals and objectives were used to guide development of the avoidance, 
minimization, and compensatory mitigation measures respectively described in Sections 5.1.3, 
5.5.2, and 5.5.3, and to identify the monitoring requirements described in Chapter 7.  

Goal KIWA1:  Seek to support the maintenance of Kirtland’s warbler population numbers, 
distribution, and reproductive potential by implementing conservation actions to mitigate 
impacts from take and help ensure the population remains above the recovery goal of 1,000 
pairs. 

Objective KIWA1.1:  Protect, manage, and expand Kirtland’s warbler habitat, including 
breeding habitat and migration stopover areas.28 

Rationale: The Kirtland’s warbler nests only within large expanses of young jack pine 
forest and depends on this habitat type for successful reproduction (USFWS 1985a). The 
species migrates annually between the breeding areas in northern Michigan and wintering 
grounds in The Bahamas. Factors that may exacerbate the warbler’s vulnerability include 
the availability of breeding habitat and migratory stopover habitat. Implementation of 
actions that protect Kirtland’s warbler nesting habitat and migration/stopover habitat are 
expected to help maintain and potentially increase the distribution and abundance of 
Kirtland’s warbler.  

                                                 
28 Kirtland’s warbler migration stopover sites are not currently well enough defined to be included as a MWE mitigation option 
at this time. Protection of migration stopover sites to provide mitigation for take of Kirtland’s warbler, however, could be added 
as a mitigation option over the term of the MWE per the provisions described in Section 9.12 should sufficient new information 
regarding migration stopover habitats be developed. 
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Objective KIWA1.2:  Support the management of brown-headed cowbird populations in 
and adjacent to Kirtland’s warbler nesting areas, as appropriate where nest parasitism has 
been identified as a limiting factor. 

Rationale: Management of cowbirds across the Kirtland’s warbler’s range is essential to 
the species’ continued existence, recovery, and long-term conservation. The Kirtland’s 
warbler Recovery Plan (USFWS 1985a) has identified the risk associated with brown-
headed cowbird parasitism and the need for ongoing cowbird control within the breeding 
area. Because Kirtland’s warblers are highly susceptible to brown-headed cowbird nest 
parasitism, cowbird damage management is essential to the continued existence, 
recovery, and long-term conservation of the Kirtland’s warbler. Cowbird control is 
effective in reducing the pressure of nest parasitism on Kirtland’s warblers.  

Goal KIWA2:  Avoid and minimize impacts of wind energy development and operations on 
Kirtland’s warbler using measures as described in Sections 5.1.3 and 5.5.2.  

Objective KIWA2.1:  Site proposed wind energy facilities to minimize the potential for 
take of Kirtland’s warbler near nesting, migration, and migration stopover habitat. 

Rationale:  Siting wind energy facilities in locations that minimizes the potential for take 
in occupied breeding habitat areas and migration stopover habitat will help ensure that 
implementation of the Covered Activities will not result in the loss or reduction of local 
breeding populations and help ensure that the current distribution and genetic diversity of 
the Kirtland’s warbler population will be maintained. 

Objective KIWA2.2:  Implement strategies and structural design elements of proposed 
wind energy facilities, to minimize the mortality and injury of Kirtland’s warblers from 
the operation of turbines and collisions with wind energy facility infrastructure. 

Rationale:  Kirtland’s warblers are susceptible to collision with man-made structures, 
particularly at night during migration. Factors that influence the likelihood of avian 
collisions with man-made structures include the presence of overhead collector lines and 
the size, location, and lighting of structures and weather conditions during migratory 
periods. Designing structural elements of proposed wind energy facilities to incorporate 
features that reduce the likelihood for collisions of Kirtland’s warbler with facility 
structures is expected to reduce the risk for take of Kirtland’s warbler.  

5.5.2 Specific Avoidance and Minimization Measures 

AMM KIWA1:  Avoid siting of turbines in or near Kirtland warbler habitat. This AMM 
applies to all applicable activities of proposed wind energy facilities. Wind turbines must not be 
sited within Kirtland’s Warbler Management Areas (KWMAs) (see Figure 4-6 for location of 
KWMAs). Siting turbines within 0.5 mile of a KWMA (Figure 4-6) and within 0.5 mile of other 
documented Kirtland’s warbler breeding sites must also be avoided. If siting turbines with 0.5 
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mile of these areas cannot be reasonably avoided with the concurrence of the USFWS, direct 
physical impacts on Kirtland’s warblers nesting territory or nests will be avoided and the 
limitations on construction timeframes, seasonal clearing, and seasonal operational curtailment 
will be conducted as described in AMM KIWA2 and AMM KIWA2. 

Rationale:  Restricting the siting of turbines in and near KWMAs and occupied nesting habitat 
outside of KWMAs will minimize the potential for take of Kirtland’s warbler and help ensure 
that the existing abundance and distribution of the species is maintained.  

AMM KIWA2: Site facility infrastructure, turbines, and other features to minimize 
impacts on occupied Kirtland’s warbler habitat. This AMM applies to all applicable activities 
of new and existing wind energy facilities. Within occupied breeding habitat, avoid removal of 
Kirtland’s warbler habitat. If habitat removal cannot be reasonably avoided with the concurrence 
of the USFWS, the seasonal clearing restrictions described in AMM KIWA3 will apply.  

Rationale:  Avoidance the removal of occupied Kirtland’s warbler habitat ensures that 
productivity and habitat functionality are maintained. It also supports the maintenance of large 
patches of habitat and prevents the creation of edge habitat or habitat fragments. Smaller habitat 
fragments often have higher mortality due to predation, nest parasitism and disturbance. Cowbird 
range expansion, resulting from conversion of native habitats, into occupied Kirtland’s warbler 
nesting areas results in nest parasitism and reduced productivity. 

AMM KIWA3: Implement timing constraints to avoid impacts on nesting Kirtland’s 
warblers. This AMM applies to all applicable activities of new and existing wind energy 
facilities. Construction, maintenance or decommissioning activities may not be conducted that 
would impact habitat within 0.25 mile of nest sites from May 1- August 15. If a singing male is 
identified during pre-construction surveys, the presence of a nest is assumed (even if a nest is not 
found) and no construction, maintenance, decommissioning impacts are permitted within a 0.25 
mile radius from where the male was observed from May 1- August 15. 

Rationale:  Current Kirtland’s warbler populations are expanding into new habitat as it becomes 
available. Singing males indicate that suitable habitat is available and that a potential for other 
Kirtland’s warbler individuals in the area is high. Kirtland’s warbler territories are typically up to 
80 acres in size and are defended by the singing male against other males.  

AMM KIWA4: Implement operational shut-downs for Kirtland’s warbler during high risk 
periods and in specific high risk areas. This AMM applies to new and existing wind energy 
facilities. The following operational shut-downs for Kirtland’s warbler will be applied during the 
following high risk periods and in identified specific high risk areas. 
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• Feather turbine blades during daylight hours within 0.5 mile of occupied Kirtland’s 
warbler breeding sites from May 1 through August 15.  

• Feather turbine blades at dawn (2 hours before sunrise to 1 hour after sunrise) and dusk 
(1 hour before sunset to 1 hour after sunset) within 0.5 mile of KWMAs from March 15 
to May 30 (spring migration period) and August 15 to October 30 (fall migration 
periods).  

Rationale: Feathering turbine blades during periods of high bird activity and poor visibility due 
to low sun position of dawn/dusk are effective methods to reduce the risk of fatality for 
migrating birds, especially in areas where concentrated staging prior to migration occurs. 
Feathering  turbines is expected to minimize collisions of migrating covered bird species during 
low visibility conditions. 

5.5.3 Mitigation Measures 

Based on results of the take assessment, up to approximately 1.5 Kirtland’s warblers could be 
taken each year, which would result in the take of up to 60 Kirtland’s warblers over the 45-year 
term of the MWE attributable to full build out of 33,000 MW of new wind energy capacity. 
Indirect impacts on Kirtland’s warbler will result from estimated loss of up to 30 acres of 
occupied Kirtland’s warbler habitat (see Section 4.6.2). This section describes mitigation 
requirements for the impact of Kirtland’s warbler take associated with the build-out of up to 
33,000 MW of new wind energy capacity. Additional mitigation will be required to mitigate the 
impacts of take that would be associated with the enrollment of existing wind facilities. 
Mitigation requirements for take associated with existing wind energy facilities that receive take 
authorizations will be calculated on a per facility basis using the methods described below for 
new wind energy facilities.  

Mitigation will be implemented within the core range of the species in the northern Lower 
Peninsula of Michigan and outside of the Kirtland’s warbler’s core nesting range within newly 
occupied areas in the Upper Peninsula of Michigan and Wisconsin (see Section 5.1.4.2). 
Mitigation for take of Kirtland’s warbler will be implemented by USFWS-approved Kirtland’s 
warbler conservation programs funded by individual Permittees/COI-holders that take Kirtland’s 
warbler. Mitigation will be provided through restoration of breeding habitat and subsequent 
ongoing management to maintain suitable breeding habitat conditions. Mitigation may also be 
provided through the protection and management of important migration stopover areas should 
such sites become identified over the term of the MWE through the process described in 
Section 9.12. 
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5.5.3.1 Mitigation for Impacts of Take on Kirtland’s Warbler 

The methods that will be implemented to mitigate impacts by promoting increased breeding 
success and populations of Kirtland’s warbler are29: 

• Restoring habitat through the management of jack pine stands through logging, burning, 
seeding and replanting on a rotational basis, and  

• Removal of brown-headed cowbirds to reduce nest parasitism rates.  

 Habitat Restoration 5.5.3.1.1

Kirtland’s warblers begin nesting in jack pine stands once pine trees reach about 5 feet in height 
and when trees are as young as 5 years old, and they abandon a site once trees reach 20 years of 
age (Probst 1988; Probst and Weinrich 1993; Probst and Donner-Wright 2003). Optimal habitat 
can be characterized as large stands composed of 8- to 15-year-old jack pines that regenerated 
after wildfires, with 35 to 65 percent canopy cover and more than 7,500 stems/hectares (Probst 
1988; Probst and Weinrich 1993).  

Therefore, when a fire event opens a stand of forest, it takes approximately 8 years for habitat 
benefit to be derived. In another 7 years this habitat benefit will be reduced or lost. Suitable 
habitat also can be artificially generated following a clearcut by planting 2-year-old saplings at a 
density of 1,600-2,000 stems/acre. Presumably these habitats would become suitable after 6 
years rather than eight. Regardless of the method used, habitat creation will have to be ongoing 
throughout the 45-year life of the MWE, with new habitat being created approximately every 8 
years during this period, or about 6 times over the term of the MWE. Habitat creation is normally 
accomplished in management complexes, where new stands are placed near recently established 
stands (Bocetti 1994). Any new habitat created would also require active cowbird control as long 
as the habitat is functional.  

Kirtland’s warblers prefer to nest within jack pine stands that are 1,000 acres or larger. A pair of 
Kirtland’s warblers requires at least eight acres of dense young jack pine forest to nest, but often 
30 to 40 acres is needed to raise their young (Zou et al. 1992). Kirtland’s warblers prefer to nest 
in forested patches of at least 30 acres, but commonly occupy approximately 80 acres or more 
(Donner et al. 2008). Therefore, 80 acres is the minimum patch size recommended for created 
habitat.  

Based on the following analysis, up to 100 acres of Kirtland’s warbler breeding habitat will need 
to be restored and managed to mitigate the impacts of the taking of up to 60 Kirtland’s warbler 
over the term of the MWE with full build-out of 33,000 new wind energy capacity. The portion 
of the estimated total mitigation requirement that a proposed wind energy facility will be 

                                                 
29 Due to extensive research on methods to create/improve breeding habitat and increase breeding success of Kirtland’s warbler, 
proven methods have been developed to increase populations. The success of these efforts has resulted in a population increase 
from less than 200 singing males in 1987 to 2,090 singing males in 2012 (Section 3.5). 
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responsible for will be determined using the method described below for mitigating the impact of 
take for full build-out. The mitigation requirements for existing wind energy facilities will be 
similarly calculated.  Individual Permittees/COI-holders must mitigate for take of Kirtland’s 
warbler by providing sufficient funding to a USFWS approved Kirtland’s warbler habitat 
restoration or brown-headed cowbird control program to mitigate the facility’s estimated take.30  

Given that male Kirtland’s warbler densities in good habitat appear to average approximately 1 
male/50 acres and that sex ratios are considered to be about 1:1 (Mayfield 1992), one breeding 
female could be expected per 50 acres of relatively good habitat. Therefore, management to 
restore 100 acres of habitat would provide habitat for 2 females. Where brown-headed cowbird 
parasitism is absent, Kirtland’s warblers typically fledge an average of 2.28 to 2.55 young each 
season (Walkinshaw and Faust 1975; Anderson and Storer 1976; Bergland 1983). Using the 
midpoint of this range (2.42 fledglings per nest), then restoration of 100 acres of habitat would 
result in the annual production of 4.84 fledglings. Survival of fledgling Kirtland’s warbler is 
estimated to be as low as 40 percent (USFWS 2007b). Assuming 40 percent survival of hatch-
year birds, then 100 acres should produce, on average, 1.9 Kirtland’s warblers that survive to 
adulthood each year. This mitigation acreage is adjusted because it would take 8 years following 
implementation of restoration actions before any benefit to Kirtland’s warbler reproduction 
would be realized. To replace take of up to 1.6 Kirtland’s warblers per year over the last 37 years 
of the 45 year term of the MWE (i.e., up to 60 individuals estimated to be taken over the term of 
the MWE attributable to full build-out of wind energy facilities) would therefore require 
restoration and management (e.g., brown-headed cowbird control) of a minimum of 100 acres of 
high quality Kirtland’s warbler nesting habitat available continuously over the term of the MWE.  

 Brown-Headed Cowbird Control 5.5.3.1.2

Mitigation may be provided through implementing brown-headed cowbird control measures in 
and adjacent to occupied Kirtland’s warbler breeding habitat. Trapping and removal of brown-
headed cowbird is an effective method for maintaining and increasing the reproduction success 
of Kirtland’s warbler. Prior to implementation of cowbird control measures, fledgling rates were 
less than one per nest (Walkinshaw 1972 in MDNR, et al. 2014).  Following the initiation of 
cowbird control by USFWS in 1972, nest parasitism rates were reduced to 10 percent and 
fledging rates rose to 2.7 (Kelly and DeCapita 1982 in MDNR et al. 2014).  

Individual Permittees/COI-holders that choose to provide mitigation through control of brown-
headed cowbirds will contribute funding to established cowbird control programs designed to 
decrease cowbird nest parasitism rates on Kirtland’s warbler.31 The mitigation credit that will be 
provided for mitigation cowbird control activities will be determined by the USFWS at the time 
it is proposed by the individual Permittee/COI-holder in accordance with the mitigation 

                                                 
30 Creation of new suitable nesting habitat and controlling brown-headed cowbirds are ongoing activities and are managed 
cooperatively by the USFWS, Michigan Department of Natural Resources, and U.S. Forest Service.  
31 For example, the Michigan Department of Natural Resources and Wisconsin Department of Natural Resources maintain 
cowbird control programs. 
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procedures described in Section 9.7.2. The determination of mitigation credit will be based on 
the estimated number of nesting pairs of Kirtland’s warbler using the habitat area that is 
addressed by the cowbird control and the anticipated reduction in the incidence of nest parasitism 
in the habitat area that will result from the control activities.  

5.5.3.2 Mitigation for Indirect Impacts on Kirtland’s Warbler  

The mitigation requirements for impacts on occupied Kirtland’s habitat is calculated using the 
USFWS’s HEA model. The actual mitigation requirements for each wind energy facility will be 
calculated using the HEA model based on the actual footprint impacts of each proposed wind 
energy facility on occupied habitat. The maximum estimated acreage of occupied Kirtland’s 
warbler habitat that could be removed with full implementation of the MWE is 30 acres (see 
Section 4.6.2). The maximum estimated mitigation requirement would be 48 acres assuming that 
all permanently impacted habitat is comprised of early successional forest with an estimated 
habitat replacement requirement of 1.6 acres restored per acre removed.32  Mitigation for take of 
Kirtland’s warbler will be coordinated with existing conservation programs for protecting, 
enhancing, and managing Kirtland’s warbler habitat. 

5.5.4 Effects/Benefits of Implementing the MWE 

The estimated take of Kirtland’s warbler over the term of the MWE is 60 individuals with the 
full build-out of 33,000 MW of new capacity over the 45-year term of the MWE. The impact of 
this take as described in Section 4.6.5 concluded that this level of take would not result in a 
significant reduction in population size or a significant reduction in annual growth rate. Based on 
the analysis presented in Section 5.5.3, restoring and maintaining and managing approximately 
100 acres suitable nesting habitat, becoming effective in Year 8 of the MWE and continuing 
through the end of the 45-year term would fully offset the expected take of Kirtland’s warbler 
with full implementation of the Covered Activities. Indirect take that could be associated with 
the removal of up to an estimated 30 acres of occupied habitat will also be mitigated through 
restoration of up to an estimated 48 acres of habitat (see Section 5.5.3.2). Therefore, after taking 
into account avoidance, minimization, and mitigation measures that will be implemented by 
wind energy facilities covered under the MWE, the overall outcome for Kirtland’s warbler is 
expected to be no net loss for the species population.  

5.6 INTERIOR LEAST TERN  

5.6.1 Biological Goals and Objectives  

This section describes the MWE biological goals and objectives for interior least tern. The 
biological goals and objectives are consistent with the federal Five-Point Policy for HCPs and 

                                                 
32 Estimated based on replacement ratios calculated using HEA for projects with impacts on land cover types similar to those that 
will be impacted by the Covered Activities. Actual replacement ratios will be calculated on a facility by facility basis using the 
HEA 
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the interior least tern recovery plan (USFWS 1990) recovery goals, objectives, and criteria. 
These biological goals and objectives were used to guide development of the avoidance, 
minimization, and compensatory mitigation measures respectively described in Sections 5.1.3 
and 5.6.3. 

Goal LETE1:  Seek to support the maintenance of interior least tern population numbers, 
habitat, and reproductive potential by implementing conservation actions to mitigate impacts 
from take.  

Objective LETE1.1:  Site proposed wind energy projects away from interior least tern 
nesting areas and spring/fall migration stopover habitat to minimize the potential for take 
of interior least tern.33 

Rationale:  Interior least terns nest on mid-channel emergent sandbars with sand and 
pebble substrate and sparse-to-absent vegetation in many major midcontinent river 
systems from Texas to North Dakota (Smith and Renken 1991; Lott 2006). Low, wet 
sand or gravel bars at the mouths of tributary streams and floodplain wetlands are 
important staging areas. Interior least tern use major river systems to their confluence 
with the Mississippi River as migratory corridors. Siting of wind turbines away from 
these sensitive areas will reduce the risk for killing individual interior least terns on their 
nesting grounds and during their spring and fall migrations.  

Objective LETE1.2:  Implement strategies and structural design elements of proposed 
wind energy facilities to minimize mortality and injury of migrating interior least terns 
from collisions wind energy facility infrastructure.  

Rationale:  Interior least terns are susceptible to collision with man-made structures, 
particularly during migration. Factors that influence the likelihood of avian collisions 
with man-made structures include the presence of overhead collector lines and the size, 
location, and lighting of structures and weather conditions during migratory periods. 
Designing structural elements of proposed wind energy facilities to incorporate features 
that reduce the likelihood for collisions of interior least terns with facility structures is 
expected to reduce the risk for take of interior least terns.  

Objective LETE1.3:  Increase survivorship and the reproductive potential of interior 
least tern through the protection and restoration of breeding habitat within its core 
breeding range.  

Rationale:  The primary reasons for the decline in the interior least tern population is the 
loss of suitable nesting habitat are the alteration of natural river flow dynamics and 

                                                 
33 Sufficient information regarding interior least tern migration stopover requirements is not currently available to include 
protection of migration stopover sites as a MWE mitigation option at this time. Protection of migration stopover sites to provide 
mitigation for take of interior least tern, however, could be added as a mitigation option over the term of the MWE per the 
provisions described in Section 9.12 should sufficient new information regarding migration stopover habitats be developed. 
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recreational use of sandbar habitat (USFWS 1990). Implementation of actions that protect 
and restore interior least tern nesting habitat are expected to help maintain and potentially 
increase the distribution and abundance of interior least tern.  

5.6.2 Specific Avoidance and Minimization Measures 

There are no specific avoidance and minimization measures that are in addition to the general 
AMMs in described in Section 5.1.3 that must be implemented for interior least tern.  

5.6.3 Mitigation Measures 

Based on results of the take assessment, up to 9 interior least terns could be taken with the full 
build-out of 33,000 MW of new wind energy capacity. Additional mitigation will be required to 
mitigate the impacts of take that would be associated with the enrollment of existing wind 
facilities. All of the interior least terns predicted to be taken are from populations west of the 
Plan Area. Mitigation for take of interior least tern will be integrated into existing programs for 
protecting, restoring, enhancing, and managing interior least tern nesting habitat. Mitigation will 
be provided through restoration of breeding habitat within portions of its occupied breeding 
range within or outside of the Plan Area. Individual Permittees/COI-holders will provide funding 
to USFWS approved interior least tern conservation programs that are implementing interior 
least tern habitat restoration projects.34 Mitigation may also be provided through the protection 
and management of important migration stopover areas should sufficient information regarding 
interior least tern migration stopover requirements become available over the term of the MWE 
through the process described in Section 9.12. 

Based on the following analysis, up to 30 acres of interior least tern nesting habitat will need to 
be restored and managed to mitigate the impacts of the taking of up to 9 terns over the term of 
the MWE with full build-out of 33,000 MW of new wind energy capacity. The portion of the 
estimated total mitigation requirement that a proposed wind energy facility will be responsible 
for implementing will determined using the method described below for mitigating the estimated 
take for full build-out. The mitigation requirements for existing wind energy facilities will be 
similarly calculated.   

At managed habitats on sandpits and river island sites along the Platte River in Nebraska, 
fledgling rates from the latest available monitoring report (2011) were 1.07 fledglings per nest 
for least terns. Interior least tern colony sizes at off-river sites on the Lower Platte River, 
Nebraska, were found to support 1 to 87 nests per site (204 nests at 17 sites) by Brown et al. 
(2011). Creation of one new nesting site of 30 acres (estimated to support up to 87 nests) would 
be sufficient to address the take of 9 interior least terns with full implementation of the Covered 
Activities.  

                                                 
34 For example, groups conducting nesting habitat creation and management in Nebraska include the Platte River Recovery 
Implementation Program, the Tern and Plover Conservation Partnership, Headwaters Corporation, and the Audubon Society. 
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Interior least tern habitat restoration costs are estimated to be $263,000 and monitoring costs are 
estimated to range from $3-4 million over the 45-year term of the MWE. Additional restoration-
related costs may be incurred to address the loss of mitigation sites to flooding or other causes. 
These are the same restoration and monitoring costs as described in Section 5.7.3 for piping 
plover because there nesting habitat requirements overlap (see Section 5.7.3 for assumptions 
used to calculate these costs). Based on these estimates, the total restoration and monitoring 
estimated per MW cost for the term of the MWE (based on 7,835 MW of build-out estimated 
within the Missouri and Iowa range of interior least tern ranges) is from $416-$541. Actual costs 
will be determined at the time each wind energy facilities is required to implement mitigation as 
provided for in Section 9.7.2. Other types of acceptable mitigation, such as protecting existing 
habitat under threat of future loss, controlling predation, and rehabilitating degraded nesting 
habitats are expected to be lower than the habitat restoration costs described above. 

5.6.4 Effects/Benefits of Implementing the MWE 

The estimated take of interior least tern over the term of the MWE is 9 individuals with the full 
build-out of 33,000 MW of new capacity over the 45-year term of the MWE. The impact of this 
take as described in Section 4.7.5 concluded that this level of take would not result in a 
significant reduction in population size or a significant reduction in annual growth rate. Creation 
of one 30 acre nesting site and maintaining this site for the 45-year life of the MWE is expected 
to compensate for the estimated take and would likely provide a net benefit to interior least tern 
if more fledglings are produced than required to offset take. In addition, because each wind 
energy facility issued a take authorization for interior least tern will be required to mitigate for 
the take of at least one interior least tern (see Section 9.4.4.1.3). Consequently, if more than nine 
wind energy facilities are issued take authorizations, any mitigation they provide will further 
contribute to the conservation of interior least tern. 

5.7 PIPING PLOVER (GREAT LAKES AND NORTHERN GREAT 
PLAINS POPULATIONS) 

5.7.1 Biological Goals and Objectives  

This section describes the MWE biological goals and objectives for piping plover. The biological 
goals and objectives are consistent with the federal Five-Point Policy for HCPs and the Great 
Lakes piping plover population recovery plan (USFWS 2003b) recovery goals, objectives, and 
criteria. These biological goals and objectives were used to guide development of the avoidance, 
minimization, and compensatory mitigation measures respectively described in in Sections 5.1.3 
and 5.7.3. 

Goal PIPL1:  Seek to support the maintenance of piping plover population numbers, 
distribution, and productivity across the Great Lakes basin, equal to 2009 estimates, by 
implementing conservation actions to mitigate impacts from take. 
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Objective PIPL1.1:  Protect the Great Lakes piping plover breeding population through 
conservation efforts, such as nest monitors, exclosures, fencing, and predator 
management. 

Rationale:  Protection and management of the remaining habitat suitable for nesting 
piping plover, coupled with field-based conservation efforts, such as nest protection and 
monitoring, is essential to the recovery and long-term conservation of this species. 
Protection and management of suitable nesting habitat ensures that a sufficient amount of 
habitat is available for piping plovers to support the species’ recovery. It addresses the 
primary limiting factors of habitat loss and degradation, and nest predation. By providing 
adequate habitat and nest protection, the population of piping plovers is expected to 
increase and possible genetic bottlenecks are avoided or ameliorated. 

Objective PIPL1.2:  Protect, restore, and manage suitable nesting and/or migration 
habitat of the Great Lakes population of piping plover in its Plan Area range. 35 

Rationale:  Loss of nesting habitat is a primary factor limiting the distribution and 
potential growth of the piping plover population. Restoration and management of new 
nesting habitat is expected to help maintain and potentially increase the distribution and 
abundance of piping plover. Stopover sites for the species population include shorelines 
of reservoirs, industrial ponds, natural lakes, and rivers, usually where sand or mixed 
sand and mud substrates were present. Sightings of color-banded birds indicate that 
piping plovers do not concentrate in large numbers at inland stopover sites and appear to 
stop opportunistically. In most cases, reports of birds at inland sites were single 
individuals (Pompei and Cuthbert 2004). Identifying and reducing potential threats to 
migratory habitat and to migrating piping plovers at important migration stopover sites 
will help maintain the current abundance of piping plovers. 

Goal PIPL2: Avoid and minimize impacts of proposed wind energy development and operations 
on the Great Lakes and Northern Great Plains populations of piping plover using measures as 
described in Section 5.1.3.1.2. 

Objective PIPL2.1: Site proposed wind energy facilities to minimize the potential for 
take of piping plover near nesting, migration, and migration stopover habitat. 

Rationale: Piping plovers require wide sparsely vegetated sand and cobble beaches on 
Great Lakes shorelines in order to nest successfully. Breeding habitats normally contain 
nesting areas and adjacent foraging habitat to support both adults and flightless young 
(USFWS 1996). A piping plover’s home range during the breeding season is usually 
limited to the wetland, lake shore, or section of beach on which their nest is located 

                                                 
35 Sufficient information regarding piping plover migration stopover requirements is not currently available to include protection 
of migration stopover sites as a MWE mitigation option at this time. Protection of migration stopover sites to provide mitigation 
for take of piping plover, however, could be added as a mitigation option over the term of the MWE per the provisions described 
in Section 9.12 should sufficient new information regarding migration stopover habitats be developed. 
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(Johnson et al. 1997). Stopover habitats include shorelines of reservoirs, industrial ponds, 
natural lakes, and rivers, usually where sand or mixed sand and mud substrates are 
present. Siting of wind turbines away from these sensitive areas will reduce the risk for 
take of piping plovers on their nesting grounds and during their spring and fall 
migrations. 

Objective PIPL2.2: Implement strategies and structural design elements of proposed 
wind energy facilities to minimize the mortality and injury of piping plovers from 
collisions with wind energy facility infrastructure. 

Rationale: Piping plovers are susceptible to collision with man-made structures, 
particularly during migration. Factors that influence the likelihood of avian collisions 
with man-made structures include the presence of overhead collector lines and the size, 
location, and lighting of structures and weather conditions during migratory periods. 
Designing structural elements of proposed wind energy facilities to incorporate features 
that reduce the likelihood for collisions of piping plovers with facility structures is 
expected to reduce the risk for take of piping plovers.  

5.7.2 Specific Avoidance and Minimization Measures 

There are no specific avoidance and minimization measures that are in addition to the general 
AMMs in described in Section 5.1.3.1.2 that must be implemented for piping plover. Any 
operational changes will occur through adaptive management (see Chapter 7).  

5.7.3 Mitigation Measures 

Based on results of the take assessment, take of up to 28 piping plovers (2 from the Great Lakes 
Population and 26 from the Northern Great Plains Population) is estimated to associated with the 
full build-out of 33,000 MW of new wind energy capacity (Section 4.8.3). Additional mitigation 
will be required to mitigate the impacts of take that would be associated with the enrollment of 
existing wind facilities. Mitigation for take of both populations of piping plover will be 
integrated into existing conservation programs for protecting, restoring, enhancing, and 
managing nesting habitat for the Great Lakes Population within the Plan Area. Individual 
Permittees/COI-holders will provide funding to USFWS approved Great Lakes Population 
piping plover conservation programs to implement, manage, and maintain habitat restoration 
projects.36 Mitigation may also be provided through the protection and management of important 
migration stopover areas should sufficient information regarding piping plover migration 
stopover requirements become available over the term of the MWE through the process 
described in Section 9.12. 

                                                 
36 For example, groups conducting nesting habitat creation and management for the Great Lakes population of piping plover 
include the University of Minnesota, local land conservancies, and Detroit Zoo. 
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Based on the following analysis, up to 60 acres of piping plover nesting habitat will need to be 
restored and managed to mitigate the impacts of the taking of up to 26 plovers over the term of 
the MWE with full build-out of 33,000 MW of new wind energy capacity. The portion of the 
estimated total mitigation requirement that a proposed wind energy facility will be responsible 
for implementing will determined using the method described below for mitigating the estimated 
take for full build-out. The mitigation requirements for existing wind energy facilities will be 
similarly calculated. 

Piping plover colony sizes at off-river sites on the Lower Platte River, Nebraska, were found to 
support 1 to 15 nests per site (64 nests at 15 sites) by Brown et al. (2012). At managed habitats 
on sandpits and river island sites along the Platte River in Nebraska, fledgling rates from the 
latest available monitoring report (2011) were 1.35 fledglings per nest for piping plover (Baasch 
2012). Creation and  long-term management of two new nesting sites of 30 acres each (estimated 
to support up to 30 nests [2 sites x 15 nests/site]) would likely be sufficient to address the take of 
21 piping plover with full implementation of the Covered Activities. Restoration costs reported 
by the Platt River Recovery Implementation Program (J. Farnsworth pers. comm.), depending on 
site conditions, range up to $34,000 per acre, though per acre restoration costs average about 
$3,600 per acre. Costs associated with ongoing vegetation control averaged approximately $150 
per acre. Based on these average costs, assuming that vegetation control is implemented every 
two years, the estimated cost to restore and maintain 30 acres of piping plover habitat over the 
term of the MWE is estimated to be approximately $263,000. Additional restoration-related costs 
may be incurred to address the loss of mitigation sites to flooding or other causes. The Platt 
River Recovery Implementation Program monitoring costs average about $250,000 per year to 
monitor 90 miles of river and 10 off-channel mitigation sites. This cost cannot be disaggregated 
to a per acre basis, however, monitoring costs are reasonably expected to be in the range of $3-4 
million over the term of the MWE assuming that monitoring is conducted every year.37  Based 
on these estimates, the total restoration and monitoring estimated per megawatt cost for the term 
of the MWE with build out of 33,000 MW ranges from $99-$129, not including changed 
circumstances costs that may be incurred. Actual costs will be determined at the time each wind 
energy facilities is required to implement mitigation as provided for in Section 9.7.2. Mitigation 
costs within the range of the Great Lakes Population of piping plover may be higher or lower 
depending on the degree of regional variance in land and labor costs. Other types of acceptable 
mitigation, such as protecting existing habitat under threat of future loss, controlling predation, 
and rehabilitating degraded nesting habitats are expected to be lower than the habitat restoration 
costs described above. 

5.7.4 Effects/Benefits of Implementing the MWE 

The estimated take of piping plover (both populations) over the term of the MWE is 28 
individuals with the full build-out of 33,000 MW of new capacity over the 45-year term of the 

                                                 
37 For example, if 2 person days at $1200 per day for labor, equipment, and travel costs is required annually over the term of the 
MWE, monitoring costs would be $3.24 million over the term of the MWE (i.e., 30 acres x [$1,200/day x 2 days] x 45 years). 
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MWE. The impact of this take as described in Section 4.8.5 concluded that this level of take 
would not result in a significant reduction in population size or a significant reduction in annual 
growth rate. 

The protection, enhancement, or restoration of nesting habitat under existing piping plover 
conservation programs in the breeding range of the Great Lakes Population and managing those 
sites for the 45-year life of the MWE is expected compensate for the estimated take and would 
likely provide a net benefit to piping plover if more fledglings are produced than required to 
offset take. In addition, because each wind energy facility issued a take authorization for either 
population of piping plover will be required to mitigate for the take of at least one piping plover 
(see Section 9.4.4.1.3). Consequently, if more than 28 wind energy facilities are issued take 
authorizations, any mitigation they provide will further contribute to the conservation of piping 
plover. 

5.8 BALD EAGLE 

5.8.1 Biological Goals and Objectives 

This section describes the MWE biological goals and objectives for bald eagle. The biological 
goals and objectives are consistent with the federal Five-Point Policy for HCPs and the Northern 
States Bald Eagle Recovery Plan (USFWS 1983c) recovery goals, objectives, and criteria. These 
biological goals and objectives were used to guide development of the avoidance, minimization, 
and compensatory mitigation measures described in Sections 5.1.3, 5.8.2, and 5.8.3, and to 
identify the monitoring requirements described in Chapter 7. 

Goal BAEA1:  Maintain a stable population of bald eagles relative to the 2009 Plan Area 
population estimate (USFWS 2009a). 

Objective BAEA1.1:  Reduce the impact of unpermitted sources of bald eagle take on 
the survival and reproduction potential of bald eagles.  

Rationale:  A substantial number of bald eagle fatalities have been documented in the 
Plan Area from a variety of sources (see Section 4.9.1.2). Implementing actions that 
reduce the level of mortality associated with sources of mortality that are not covered 
under ITPs (e.g., power line electrocutions of bald eagles, poisoning from the ingestion of 
lead) is expected to increase the survival of and reproduction of bald eagles above 
baseline conditions.  

Objective BAEA1.2:  Protect, restore, and manage Important Eagle Use Areas (winter 
and feeding concentration areas, important nesting areas migration corridors, and Local 
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Area Populations of concern) where eagles may be vulnerable to threats and populations 
may not stable.38 

Rationale: Important Eagle Use Areas, by definition, support substantial numbers of bald 
eagles within the Plan Area.  Directing mitigation towards protecting, restoring, and 
managing these areas to improve conditions for maintaining high levels of bald eagle use 
is expected to contribute towards maintaining the Plan Area bald eagle population. 

Goal BAEA2:  Avoid and minimize impacts of wind energy facilities on bald eagles using the 
measures described in Sections 5.1.3 and 5.5.2.  

Objective BAEA2.1:  Site proposed wind energy facilities to minimize the potential for 
take of bald eagles within and near Important Eagle Use Areas.  

Rationale:  Collision of bald eagles with wind turbines is a source of injury and mortality 
of bald eagles. Avoiding the siting wind energy facilities near occupied nesting and 
roosting structures as provided for in the bald eagle AMMs (Section 5.8.2) will reduce 
the likelihood for collision-related injury and mortality of bald eagles.  

Objective BAEA2.2:  Site proposed wind energy facilities such that the viability of bald 
eagle Local Area Populations (LAPs) is maintained. 

Rationale:  Collision of bald eagles with wind turbines is a source of injury and mortality 
of bald eagles. Siting to wind energy facilities to minimize impacts on Local Area 
Populations will reduce the risk for collision-related injury and mortality of bald eagles. 
Minimizing this risk is expected to help sustain the viability of Local Area Populations. 

5.8.2 Specific Avoidance and Minimization Measures 

In addition to the general AMMs for covered bird species in Section 5.1.3.1.2, the following 
specific AMMs will be implemented for the bald eagle. 

AMM BAEA1:  Minimize construction-related disturbances during the bald eagle nesting 
season. This AMM applies to all applicable activities of proposed wind energy facilities. If 
results of the applicable pre-construction surveys in Section 5.1.2 indicate that bald eagles are 

  

                                                 
38 Sufficient information regarding the benefits of protecting bald eagle habitat is not currently available to include the protection 
of bald eagle habitat use areas as a MWE mitigation option at this time. Protection of bald eagle habitats to provide mitigation for 
take of bald eagle, however, could be added as a mitigation option over the term of the MWE per the provisions described in 
Section 9.12 should sufficient new information developed. 
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 nesting within 0.5 mile39 of a wind energy facility construction site, construction activities may 
not occur during the Plan Area-wide breeding season (January 1-August 31) unless the project 
proponent can demonstrate to the USFWS that (1) the nesting pair has abandon the nest site or 
(2) young produced at the nest site have fledged prior to August 31. Project proponents may 
request the USFWS to adjust the Plan Area-wide avoidance period (January 1-August 31) based 
on the nesting period, if known, for bald eagles in the vicinity of the proposed facility should it 
differ from the Plan Area-wide breeding season. 

Rationale:  Construction activities during the breeding season near occupied nesting sites can 
cause nesting bald eagles to abandon nest sites due to excessive noise and visual disturbances 
and potentially result in the death of nestlings and eggs. 

AMM BAEA2:  Avoid the removal of nesting and roosting trees. This AMM applies to all 
applicable activities of proposed wind energy facilities. Except in emergency situations where 
there is a risk to public safety, wind energy facilities will avoid removal of trees and snags within 
0.25 mile of trees and snags used as nesting or winter roosting sites by bald eagles within the 
previous three years.  

Rationale:  Avoiding the removal of suitable nest and roost trees is expected to reduce the 
likelihood for indirect take of bald eagles that could be associated with the displacement of 
individuals into lower functioning habitats (e.g., habitats that are at a greater distance from 
foraging habitat areas) or into existing occupied habitats, thus increasing the potential for intra-
specific completion for resources. 

AMM BAEA3:  Minimize operations-related take. This AMM applies to all applicable 
activities of proposed wind energy facilities. To minimize the potential for operations-related 
take of bald eagle, proposed wind energy facilities must site wind turbines at least 1.6 miles from 
bald eagle nest sites known to have been occupied within the previous 3 years40 and at least 1 
mile from known bald eagle winter roost sites. Turbines may be sited closer to nest sites and 
winter roost sites if, based on pre-construction survey data, the project proponent can 
demonstrate to the USFWS that turbines will be sited in locations that avoid travel corridors 
(e.g., flight paths between nest/roost sites and foraging areas) used by nesting and wintering bald 
eagles.  

Rationale:  Siting wind turbines away from nest and winter roost sites is expected to reduce the 
risk for collision of bald eagles with turbines and thus minimize the likelihood for operatons-
related take.  

AMM BAEA4:  Remove carcasses within 0.25 mile of turbines. This AMM applies to new 
and existing wind energy facilities. To minimize the potential for operations-related take of bald 

                                                 
39 Bald eagle nesting territories can range from 0.5 km2 (0.2 mi2) to 4 km2 (1.5 mi2) (Hodges and Robards 1982; Stalmaster 1987; 
Gerrard et al. 1992b; and Buehler 2000). The 0.5 mile avoidance distance assumes a typical nesting territory size of 0.8 mi2. 
40Based on largest bald eagle nesting territory size observed by Garrett et al. (1993) along the Columbia River.  
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eagle, weekly searches will be conducted within 0.25 mile of wind energy facility turbines to 
locate and remove large animal carcasses (e.g., livestock, deer) from facility-controlled lands that 
can attract foraging bald eagles near turbines. Project proponents are required to obtain any 
permits that are required to allow for the removal and disposal of carcasses. Carcass searches and 
removal are required for wind energy facilities that are located within known bald eagle 
breeding, wintering, and migration foraging areas. 

Rationale: Bald eagles are known to scavenge on large animal carcasses. Consequently, 
removing large animal carcasses, which can attract foraging bald eagles, from near wind 
turbines, is expected to reduce the risk for bald eagle collisions with wind turbines. Carcasses 
that are removed from roadways will also reduce the likelihood for vehicle collisions with bald 
eagles. 

5.8.3 Mitigation Measures 

Based on results of the take assessment, up to approximately 57.5 bald eagles could be taken 
each year, which would result in the take of up to 2,588 bald eagles over the 45-year term of the 
MWE attributable to full build out of 33,000 MW. This section describes mitigation 
requirements for the impact of bald eagle take associated with the build-out of up to 33,000 MW 
of new wind energy capacity. Additional mitigation will be required to mitigate the impacts of 
take that would be associated with the enrollment existing wind facilities.  

The objective of bald eagle mitigation is to compensate for the effects of bald eagle take such 
that the Plan Area-wide bald eagle population remains in a stable to increasing trajectory relative 
to the 2009 population estimate (USFWS 2009a; see biological goal BAEA1 in Section 5.8.1.). 
Mitigation actions are designed to increase bald eagle survival and reproductive potential by 
reducing upermitted sources of bald eagle mortality. Mitigation requirements for take associated 
with existing wind energy facilities that receive take authorizations will be calculated on a per 
facility basis using the methods described below for new wind energy facilities.  

5.8.3.1 Mitigation for Impacts of Take on Bald Eagle 

Mitigation for the impact of take on bald eagle must be provided through the retrofitting of 
power lines to reduce the risk for electrocution. Additional mitigation actions, if proven to be 
effective in mitigating the impact of take, may become available for implementation over the 
term of the MWE through the process described in Section 9.12.  

5.8.3.1.1 Reduction in Electrocution Mortalities 

In the U.S., electrocution of eagles as a result of coming into contact with above ground power 
lines and associated infrastructure (e.g. equipment on poles, substations) is a significant source of 
eagle mortality (Allison 2012). . The electrocution risk to birds on power line structures is  
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directly related to the line’s voltage and configuration in addition to other biological and site-
specific factors. The National Electric Safety Code specifies electric conductor clearances, and 
greater clearances are required as the voltages increase. Greater clearances reduce the 
electrocution risk of birds potentially making a phase-to-phase (i.e., energized to energized 
contact) or phase-to-ground (i.e., energized to grounded) contact. Line location, bird size, bird 
age, social behavior, habitats (open vs. forested), weather (e.g., precipitation, sun/heat), aerial 
contaminants (e.g., salt, dust), prey abundance, and propensity of certain bird species to perch or 
nest on power line structures help to define electrocution risk, with bird dimensions an integral 
part of this equation. Established guidelines to minimize electrocution risk to large, perching 
birds in the U.S. have delineated clearances on power poles for at-risk bird species for a breadth 
of voltages (APLIC 2012).  

Over 500 golden eagles are estimated to be killed due to electrocution every year and while 
similar extrapolated estimates are not available for bald eagles, electrocution has been one of the 
leading causes of human caused mortality for bald eagles. The USFWS has developed a REA 
model that results in estimates of the number of high risk electric power poles that would need to 
be retrofitted per eagle taken (see Appendix C). The original model was written assuming all the 
power pole retrofits were completed up front prior to eagle fatality occurrence from the wind 
energy facility. The basic model under this assumption results in approximately 27 poles per 
eagle taken, under the assumption the retrofitted poles last 10 years and the mitigation is all done 
upfront. The model results in approximately 9 poles per eagle taken if it is assumed the 
retrofitted poles are maintained for 30 years.  

Mitigation for each wind energy facility for which mitigation will be provided through 
retrofitting of power poles will be calculated using the bald eagle REA guidance presented in 
Appendix C. Information used to conduct the REA will incorporate the best information 
available bald eagle information available for the Plan Area. The bald eagle model presented in 
Appendix C is undergoing revision based on more recent information specific to the Plan Area 
and may be adopted for use through the process described in Section 9.12. 

 Potential Future Mitigation Options 5.8.3.1.2

Over the term of the MWE additional mitigation actions, if proven to be effective in mitigating 
the impact of take, may be approved for use in mitigating the impacts of take on bald eagle 
through the process described in Section 9.12.  Effective mitigation actions are those that 
increase the survival and production of bald eagles sufficiently to offset the take of bald eagles 
by participating wind energy facilities.  In addition to reducing bald eagle mortalities attributable 
to electrocutions, other mitigation opportunities include, but are not limited to, the following: 

• Protecting nesting and winter roost sites and high use foraging habitat areas from threat 
of loss or degradation;  

• Implementing actions that reduce bald eagle mortalities attributable to lead poisoning; 
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• Implementing actions that reduce bald eagle mortalities attributable to ingestion of 
rodenticides;  

• Implementing actions to reduce the incidence of bald eagle collisions with vehicles (e.g., 
rapid removal of carcasses on which bald eagles forage from roadways), and  

• Implementing actions to reduce the incidence of mortalities attributable to illegal 
shooting of bald eagles (e.g., funding increased law enforcement activities in areas with 
high incidences of shootings).   

Bald eagle mortalities attributable to lead poisoning, collision with vehicles, and illegal shooting 
are major known sources of bald eagle mortality in the U.S. (see Section 3.8.4). The potential 
mitigation options described above cannot be implemented at this time because there is not 
sufficient available information to confirm their practicability and/or effectiveness for mitigating 
the impact of bald eagle take. 

 
5.8.3.2 Mitigation for Indirect Impacts on Bald Eagle  

As described in Section 4.9.3, most major bald eagle wintering and breeding habitat areas are 
currently located outside of the Covered Lands and application of the facility siting AMMs is 
expected to minimize impacts on occupied habitat that is present in the Covered Lands. 
Consequently, the construction of new wind energy facilities are not expected to remove 
occupied bald eagle habitat. It is possible, however, that a small amount of occupied habitat 
could be removed depending on where a particular future wind energy facility may be sited. In 
these instances, the acreage of removed habitat will be mitigated with the restoration of 
replacement habitat will be determined through application of the USFWS’s HEA methodology 
(see Section 5.1.4).  

5.8.3.3 Mitigation Site Baseline Surveys 

The protection or restoration of bald eagle habitat is not a mitigation option; therefore, mitigation 
site baseline surveys are not required. Baseline conditions for power poles that are replaced or 
retrofitted as mitigation, however, will be documented as described in Section 9.7.2.2.2. 

5.8.3.4 Mitigation Site Responsibilities 

The protection or restoration of bald eagle habitat is not a mitigation option; therefore, mitigation 
site responsibilities are not applicable to bald eagle mitigation.  The responsibilities for 
maintaining mitigation power poles, however, will be documented as described in 
Section 9.7.2.2.2.  
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5.8.4 Effects/Benefits of Implementing the MWE 

The estimated take of bald eagle over the term of the MWE is 2,588 individuals with the full 
build-out of 33,000 MW of new capacity over the 45-year term of the MWE. The impact of this 
take as described in Section 4.9.4 concluded that this level of take is not anticipated to exceed 
levels established in the 2009 EA for the Eagle Take Permit Rule, which were set to ensure that 
the Plan Area bald eagle population remained stable or increasing. The mitigation that will be 
provided with implementation of the MWE (see Section 5.8.4) is also expected to compensate 
for the take of bald eagles and thus is expected to benefit the Plan Area population of bald 
eagles.  
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CHAPTER 6. ALTERNATIVES TO TAKE 

6.1 INTRODUCTION 
The Endangered Species Act (ESA) requires that section 10 permit applicants specify in habitat 
conservation plans (HCPs) what alternative actions to the taking of species that are federally 
listed as threatened or endangered were considered and the reasons why those alternatives are not 
proposed to be used.1  

The U.S. Fish and Wildlife Service (USFWS) Habitat Conservation Planning Handbook 
(USFWS and National Marine Fisheries Service 1996) identifies two types of alternatives 
typically considered in HCPs: (1) alternatives that would result in take levels below those 
anticipated for the proposed project, and (2) alternatives that would cause no incidental take, 
thereby eliminating the need for an incidental take permit. These HCP alternatives to take are not 
defined in the same way as alternatives in a National Environmental Policy Act (NEPA) 
process2; NEPA alternatives are considered in the draft environmental impact statement that 
accompanies this draft Midwest Wind Energy Multi-Species Habitat Conservation Plan (MWE). 

The alternatives to take considered in the development of the MWE include: 

• Alternative 1: No Action.  

• Alternative 2: Take Avoidance.  

• Alternative 3: Take Minimization. 

These alternatives to take and the reasons for rejecting Alternatives 1 through 3 are described in 
the following sections.  

6.2 ALTERNATIVE 1: NO ACTION 
Under the No Action Alternative the MWE would not be developed and implemented and the 
current project-by-project ESA compliance process would continue for the Covered Activities 
described in Chapter 2. This alternative was rejected from consideration because it would not 
achieve the MWE purpose of streamlining the ESA compliance process (see Section 1.3) and the 
benefits to the Covered Species of implementing the proposed coordinated regional Conservation 
Plan (see Chapter 5) would not be realized. 

                                                 
1 50 Code of Federal Regulations 17.22(b)(1)(iii)(C). 
2 NEPA alternatives are designed to evaluate a range of alternatives that can feasibly and substantially achieve project objectives 
whereas HCP alternatives must reduce the level of take below that associated with the proposed project. 
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6.3 ALTERNATIVE 2: TAKE AVOIDANCE  
Under this alternative, the operation of wind turbines at participating wind energy facilities 
would be feathered until a cut-in speed of 6.9 meters per second (m/s) or higher is reached from 
30 minutes before sunset and 30 minutes after sunrise during periods when covered bat species 
are present and subject to incidental take.  Based on the current available information, there is a 
reasonable expectation that take of the covered bat species would be avoided (see Section 
5.1.3.2). Furthermore, participating new wind energy facilities would only be sited in locations 
that support minimal use by the covered bird species and thus will avoid or substantially 
minimize the potential for take of those species. This alternative to take was rejected because 
restricting cut-in speeds to 6.9 m/s is expected to avoid all take of covered bat species, and the 
take of covered bird species would be substantially avoided through siting; therefore, take 
authorization under this MWE would not be necessary for most wind energy facilities.  

6.4 ALTERNATIVE 3: TAKE MINIMIZATION  
Under this alternative, participating wind energy facilities would only operate wind turbines at 
cut-in speeds of 6.5 m/s or higher from 30 minutes before sunset to 30 minutes after sunrise 
during periods that covered bat species are present and subject to incidental take. Based on the 
current available information, there is a reasonable expectation that the risk for take of covered 
bat species would be substantially reduced from wind turbines that operate at lower cut-in speeds 
(see Section 5.1.3.2). This alternative to take was rejected because the wind turbine cut-in speed 
restrictions would be imposed irrespective of the seasonal risk for the taking a covered bat 
species and restricting the operation of wind turbines to a cut-in speed of 6.5 m/s (about a 63 to 
117 percent increase above typical unrestricted operations of 3 to 4 m/s) would reduce the 
capacity of wind energy facilities to produce energy. This alternative was rejected because 
restricting the operation of wind turbines to a cut-in speed of 6.5 m/s regardless of the seasonal 
risk for take would be a disincentive for wind energy companies to participate in the MWE and 
would undermine the MWE goal of reducing the burden of numerous individual permit 
applications on the USFWS. 
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CHAPTER 7. MONITORING, ADAPTIVE MANAGEMENT, AND 
REPORTING 

7.1 INTRODUCTION 
This chapter describes the Midwest Wind Energy Multi-Species Habitat Conservation Plan 
(MWE) compliance and effectiveness monitoring reporting requirements for individual 
Permittees, Certificate of Inclusion (COI)-holders, and the Mitigation Implementing Entity 
(MIE). Adaptive management triggers representing thresholds that, if exceeded as determined 
through monitoring results, will trigger implementation of adaptive management actions are also 
described. The MWE monitoring framework is designed to be consistent with the following 
guidance provided by the U.S. Fish and Wildlife Service’s (USFWS) Five-Point Policy for 
habitat conservation plans (HCPs).1 

“(1) assess the implementation and effectiveness of the HCP terms and conditions (e.g., 
financial responsibilities and obligations, management responsibilities, and other aspects of 
the incidental take permit, HCP, and the IA, if applicable); (2) determine the level of 
incidental take of the covered species; (3) determine the biological conditions resulting from 
the operating conservation program (e.g., change in the species’ status or a change in the 
habitat conditions); and (4) provide any information needed to implement an adaptive 
management strategy, if utilized. An effective monitoring program is flexible enough to allow 
modifications, if necessary, to obtain the appropriate information.” 

Similarly, the framework for the MWE adaptive management approach is consistent with the 
Five Point Policy’s description of adaptive management as a “method for examining alternative 
strategies for meeting measurable biological goals and objectives, and then if necessary, 
adjusting future conservation management actions according to what is learned.”2 

7.1.1 Monitoring Objectives 

The overall purpose of an HCP monitoring program is to provide information to evaluate 
compliance with the MWE and the terms and conditions of take authorizations, and to assess the 
effectiveness of implementation in achieving the biological goals and objectives. More 
specifically, MWE monitoring will be conducted to: 

• Document compliance with the MWE and terms and conditions of take authorizations, 
including limits set on the incidental take of Covered Species. 

• Estimate take and document detection of Covered Species and wind turbine-related 
fatalities of other native species. 

                                                 
1 65 Federal Register (FR) (106) 35242-35257, June 1, 2000. 
2  65 FR (106) 35242-35257 , June 1, 2000. 
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• Document ongoing presence of Covered Species in mitigation habitats. 

• Produce scientifically valid data that are relevant and informative to adaptive 
management decision making and that integrate with other monitoring efforts (e.g., other 
HCP monitoring programs, statewide and nationwide monitoring of Covered Species). 

• Document and evaluate the effectiveness of mitigation measures in achieving MWE 
biological goals and objectives. 

• Determine if the MWE operations-related avoidance and minimization measures 
(AMMs) are effective in reducing take of Covered Species as well as to provide data and 
information to maintain or improve their effectiveness.  

• Provide information necessary to indicate whether adjustments to MWE implementation 
are necessary to better ensure that biological goals and objectives are achieved. 

• Assess progress towards achieving the biological goals and objectives. 

7.2 SITING, DESIGN, AND CONSTRUCTION MONITORING 

7.2.1 Compliance Monitoring 

Siting, design, and construction compliance monitoring is comprised of demonstrating 
compliance with AMMs in Section 5.1.3. Compliance monitoring must be implemented by 
individual Permittees/COI-holders for new wind energy facilities. 

7.2.2 Reporting 

A description of compliance monitoring activities and monitoring results must be submitted in 
Annual Compliance Reports in accordance with the provisions of Section 9.10.1. Any take of a 
Covered Species must be reported to the USFWS within 2 business days upon documenting that 
take has occurred (see Section 9.10.2). All reported information, including the documentation of 
Covered Species fatalities, will be publicly available information. 

The siting, design, and construction-related compliance elements of Annual Compliance Reports 
must include the following information. 

1. A map delineating the distribution of occupied and unoccupied Covered Species habitat 
types in the facility site and extending from the facility boundary to the distances required 
in Survey Requirement (SURE)1 and SURE3 in Section 5.1.2.  

2. A map and table delineating the areas from which occupied Covered Species habitat has 
been removed or disturbed and a summary of the acreage of each covered habitat type that 
has been removed or disturbed, respectively. 
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3. A map depicting the as-built location of all wind turbines, pads, roads, and all other 
facility infrastructure and appurtenances. 

4. As-built drawings of meteorological towers. 

5. A description of how the siting, design, and construction AMMs were compiled based on 
the information provided in items 1-4 and any other information deemed necessary by the 
USFWS to support the description. 

6. A description of any instances of non-compliance with siting, design, and construction-
related AMMs in accordance with the provisions of Section 9.10.5. 

7. Documentation of the taking of a Covered Species. 

7.3 OPERATIONS MONITORING AND ADAPTIVE MANAGEMENT 

7.3.1 Compliance Monitoring 

The purpose of operations compliance monitoring is to confirm compliance with the wind 
turbine cut-in speeds presented in Tables 5-4, 5-6, and 5-8 and compliance with AMM KIWA4 
(see Section 5.5.2). Each individual Permittee/COI-holder must maintain a record of daily 
operations for each facility wind turbine for the duration of their take authorization. These daily 
operations records must be made available for review by the USFWS within 10 business days 
upon receipt of a written request by the USFWS to the individual Permittee or Administrative 
Implementing Entity (AIE).  

7.3.2 Effectiveness Monitoring 

The effectiveness of the operations-related AMMs in minimizing take of the Covered Species 
will be determined based on the results of monitoring to locate fatalities of Covered Species in 
the vicinity of wind turbines.  

7.3.2.1 Monitoring Methods 

Individual Permittees/COI-holders must adhere to the monitoring methods accepted by the 
USFWS. Established methods for detecting wind turbine-related bat and bird fatalities have been 
approved by the USFWS and applied by wind energy facilities to assess the effectiveness of 
operations-related AMMs under Incidental Take Permits (ITPs) issued by the USFWS. The 
following literature provides a description of the theory involved in searching for wind turbine 
fatalities and the methods used to develop the estimators for each of the components: 

• Huso M.M.P. 2011. An Estimator of Wildlife Fatality from Observed Carcasses. 
Environmetrics 22: 318 – 329 (see Appendix G). 
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• Huso, M. M. P, Dalthorp, D., Dail, D. and Madsen, L. 2015. Estimating wind-turbine-
caused bird and bat fatality when zero carcasses are observed. Ecological Applications 
25: 1213-1225. 

• Warren-Hicks, W., Newman, J., Wolpert, R., Karas, B., and Tran, L. 2013. Improving 
Methods for Estimating Fatality of Birds and Bats at Wind Energy Facilities by 
California Wind Energy Association. California Energy Commission. Publication 
Number: CEC-500-2012-086 (see Appendix G). 

• Strickland, M.D., E.B. Arnett, W.P. Erickson, D.H. Johnson, G.D. Johnson, M.L., 
Morrison, J.A. Shaffer, and W. Warren-Hicks. 2011. Comprehensive Guide to Studying 
Wind Energy/Wildlife Interactions. Prepared for the National Wind Coordinating 
Collaborative, Washington, D.C., USA (see Appendix G). 

• Good. R.E., A. Merrill, S. Simon, K. L, Murray, and K. Bay. 2012. Bat Monitoring 
Studies at the Fowler Ridge Wind Farm, Benton County, Indiana. Final Report: April 11 
– October 31, 2011. Prepared for Fowler Ridge Wind Farm, Fowler, Indiana. Prepared by 
Western EcoSystems Technology, Inc. Bloomington, Indiana. 

A description of monitoring procedures and results that are actually implemented during each 
monitoring season must be included in monitoring reports submitted to the USFWS and the AIE 
(see Section 7.3.4). Searchers must be required to have or function under the direction of a 
person holding a valid Endangered Species Act (ESA) section 10(a)(1)(A) permit for any listed 
bat or bird species that could occur in the vicinity of the wind energy facility. 

7.3.2.1.1 Covered Bat Species 

Monitoring for the covered bat species will be implemented to confirm that the operations-
related AMMs are substantively minimizing take of the covered bat species to levels below the 
level of take authorized for each wind energy facility and to ensure that the authorized level of 
take is not exceeded. Estimating actual take associated with a covered bat species colliding with 
a turbine blades is a two-step process. The first step is to conduct standardized surveys near wind 
turbines to detect covered bat species carcasses. The second step is to evaluate the results of 
carcass surveys using the U.S. Geological Survey’s (USGS) Evidence of Absence (EoA) 
methodology (see Appendix F) to estimate the total number of individuals of each covered bat 
species taken during the seasons in which surveys are conducted.  

The following parameters affect the probability of carcass detection using accepted carcass 
search methods.  

• The proportion of facility wind turbines searched; 

• The wind energy facility search area (i.e., the amount of area searched for carcasses in 
relation to the area where carcasses are expected to land around a wind turbine); 



Monitoring, Adaptive Management, and Reporting Chapter 7 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 7-5 
 

• Searcher efficiency (i.e., the effectiveness of the searchers ability to find a carcass that is 
present in the search area).  

• Carcass persistence (i.e., the length of time carcasses remain in the search area to be 
found); and 

• Search interval (i.e., the length of time between searches).  

Each individual Permittee/COI-holder must establish the values for each of these parameters 
based on the guidance described below. Regardless of the carcass search protocol that is adopted 
for a facility, the protocol must be designed to result in at least a 30 percent carcass detection 
probability during the first 3 years of monitoring and at least a 8 percent carcass detection 
probability annually over the remaining term of the individual ITP or COI (see the description of 
“Intensive Monitoring” and “Roads and Pads Monitoring” below). The detection probability 
must be determined by testing proposed combinations of parameter values using the EoA 
methodology and software. Individual Permittees/COI-holders will download the publicly 
available EoA software before or at the time their take authorization becomes effective. The EoA 
Users Guide (Dalthrop et al. 2014) is presented in Appendix F.  

The take of each covered bat species at each facility must also be determined using the EoA 
methodology based on the actual monitoring parameters and the number of carcasses detected. 
The take estimates for each wind energy facility are determined using a short-term 3-year 
running average of annual take estimates to account for annual variability in take. Detecting 
every covered bat species carcass is not possible given the variance of searcher efficiency (e.g., 
search bias among searchers, type and density of vegetative cover) and carcass persistence. 
Consequently, the number of actual covered bat species fatalities during a monitoring season 
must be estimated based on the statistical probability of having located all of the fatalities during 
carcass searches. EoA uses information about the carcass search process and carcass scavenging 
rates to estimate detection probabilities to determine a maximum credible number of fatalities, 
even when zero or few carcasses are observed. The EoA is a science-based peer reviewed 
method that provides statistical rigor to monitoring of fatalities at wind energy facilities and is 
designed specifically to deal with the uncertainties associated with detecting fatalities of rare 
species.  

Application of the EoA method will result in an estimate of the maximum number of each 
covered bat species that may have been killed by wind turbines at a facility. The EoA method is 
based on the number of carcasses of a species detected during monitoring, the probability of 
detection of a carcass based on search effort, and its complement, the probability of missing the 
detection of a carcass during the search effort. The probability of detecting a carcass of a 
relatively rare species (e.g., Indiana bat) is very low. Consequently, the non-detection of rare 
species fatalities does not necessarily indicate that fatalities have not occurred but, rather, that 
carcass search methods may be insufficient and/or that other factors (e.g., removal of carcasses 
by scavengers prior to detection) preclude the ability to detect the occurrence of all fatalities. 
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Consequently, the lack of detection of a fatality (i.e., finding zero carcasses) of a particular 
species does not prove that wind turbine-related take of the species has not occurred. The EoA 
method is designed to translate the lack of carcass encounters of a particular covered bat species 
into a statistically meaningful expression of the maximum number of individuals of the species 
that may have been taken, but not detected during searches. The EoA estimates of the number of 
a covered bat species that have been taken are dependent on the carcass search protocol 
employed. Current carcass search protocols use carcass search bias adjustments and confidence 
intervals for point estimates to document the take of listed species. These protocols, however, are 
not effective in assessing the level of take for rare species given the low carcass detection rates 
(finding zero). 

Carcass Monitoring Requirements 

This section describes the MWE carcass monitoring parameters and requirements. Carcass 
monitoring protocols developed by individual Permittees/COI-holders must meet the following 
carcass protocol requirements.  

Monitoring Seasons. Carcass searches must be completed for wind energy facilities during any 
of the following three monitoring seasons during which take of a covered bat species could 
occur. These monitoring seasons were determined based on season-specific covered bat species 
life history events. The dates delimiting these seasons may be adjusted based on empirical 
evidence showing differences due to latitudinal effects or adjustments based on weather 
conditions in the future through the process described in Section 9.12. 

• Spring Monitoring Season. The Spring Monitoring Season extends from April 1 (the 
date by which females of the covered bat species are expected to have emerged from 
hibernacula) to May 31 (the date by which females of the covered bat species are 
expected to have migrated to maternity sites; some male bats may migrate to the 
maternity grounds as well).  

• Summer Monitoring Season. The Summer Monitoring Season extends from June 1 to 
July 31 (the period within which females of the covered bat species are involved in 
reproduction [i.e., giving birth to pups and nursing] as well as feeding to build energy 
reserves for fall migration; some male bats may also be foraging in these habitats).  

• Fall Monitoring Season. The Fall Monitoring Season extends from August 1 to October 
31 (the period within which females of the covered bat species, their pups, and any males 
may leave the maternity habitat and migrate to cave hibernacula where they engage in 
swarming and mating and ultimately enter the cave and hibernate until their emergence in 
spring).  

Wind Turbines. Defined as the number of individual wind turbines included in the wind energy 
facility identified by a project proponent in individual ITP applications and COI requests (see 
Section 9.4.1 and 9.4.2).  
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Search Area. Defined as the proportion of the area extending out from a wind turbine tower that 
is searched in relation to the area in which a species carcass is expected to fall or occur. The 
assumptions regarding the proportion of fatalities detected in relation to the total number of 
assumed fatalities (i.e., carcasses that may have fallen outside of the search area) are presented in 
Table 7-1. The information presented in Table 7-1 must be used by individual Permittees/COI-
holders to estimate the actual level of covered bat species take based on the distance from wind 
turbines that is searched until sufficient data has been collected to calculate values specific to the 
wind energy facility.  

Table 7-1. Assumed Percentage of Covered Bat Species Fatalities Available to be 
Found Relative to the Number of Actual Fatalities by Search Radius from 

Turbines 1,2 

Search Radius From The Wind Turbines 
(meters) 

Assumed Percentage of Fatalities 
Available to be Found Relative to the 

Number of Actual Fatalities 
40 70 
50 80 
60 90 
70 95 
80 97.5 
90 99 
100 100 

1Based on bat species search data collected at the Fowler Ridge Wind facility monitored under an 
ITP issued in 2011 with ancillary data from another facility for search areas beyond 80 meters. The 
percentage of fatalities must be adjusted for wind energy facilities with wind turbines with a height 
and rotor swept area that differ substantially from those used in this study. 

Each wind energy facility must identify carcass locations using Global Positioning System 
coordinates during searches. Individual Permittees/COI-holders that monitor a search radius of 
less than 100 meters may choose to conduct facility-specific searches using 100 meter plots for 
at least one monitoring year to establish facility-specific carcass detection percentages for 
smaller search areas that can be applied in future monitoring years. If these carcass detection 
percentages are statistically significant in their differences where significance is equal to or 
greater than 0.05 from the detection percentages described in Table 7-1, the carcass detection 
percentages for that individual facility will determine, with approval by the USFWS, the search 
area for the covered bat species. 

Searcher Efficiency. Searcher efficiency is determined by conducting searches for carcasses of 
the same species or a surrogate species representing the Covered Species placed in the search 
area to be found during the normal searching process. The density and height of vegetation cover 
affects searcher efficiency. Searcher efficiency may be increased by clearing vegetation (e.g., 
mowing) from around wind turbines before monitoring is conducted. Searcher efficiency must be 
estimated using methods consistent with guidance provided in Improving Methods for Estimating 
Fatality of Birds and Bats at Wind Energy Facilities (Warren-Hicks et al. 2013) in Appendix G 
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or as otherwise approved by the USFWS. Each wind energy facility must conduct searcher 
efficiency trials during each season of each monitoring year.  

Carcass Persistence. Carcass persistence is determined by placing carcasses of a surrogate 
species representing the Covered Species (e.g., similar size and weight) in the search area and 
measuring the time over which the carcasses remain to be found or disappear as a result of decay, 
scavenging, or other causes. Carcass search protocols for each Covered Species that are proposed 
by project proponents must be described in individual ITP applications and COI requests (see 
Sections 9.4.1 and 9.4.2, respectively). Each wind energy facility must conduct carcass 
persistence trials using methods consistent with those described in Comprehensive Guide to 
Studying Wind Energy/Wildlife Interactions (Strickland et al. 2011) in Appendix G or as 
otherwise approved by the USFWS. Carcass persistence trials must be conducted during each 
monitoring season of each year. The probability of carcass persistence until the next scheduled 
search must be calculated as described in Huso (2011; see Appendix G).  

Search Interval. The search interval combined with the carcass persistence time is used to 
calculate the proportion of carcasses expected to persist until the next search. 

Carcass Reporting. Within 48 hours of finding a covered bat species carcass, the finding must 
be reported to the USFWS (see Section 9.10.2). The USFWS will provide instructions for the 
disposition of the carcass.  

Monitoring Design Requirements. Wind energy facilities must design their effectiveness 
monitoring procedures to incorporate a two-tier level of monitoring effort that require differing 
levels of monitoring intensity and minimum carcass detection probability requirements. More 
intensive carcass search efforts are more likely to detect a take event and thus yield more refined 
take estimates than less intensive carcass searches, which would generally yield larger take 
estimates. The MWE monitoring uses an initial period of intensive monitoring followed by 
annual monitoring at a lower intensity for the balance of each facility’s take authorization. These 
monitoring requirements are designed such that the aggregated results of monitoring conducted 
over the term of a take authorization will achieve a high credibility for estimating the actual take 
of a Covered Species (e.g., >90 percent).  

First-Tier: Intensive Monitoring. Intensive Monitoring must be implemented during the 
first 3 years of wind turbine operations following issuance of a facility’s take authorization. 
The monitoring protocol must be designed using the EoA software, which allows individual 
Permittees/COI-holders to optimize the level of search effort. The EoA software allows 
individual Permittees/COI-holders to input differing search parameters for frequency of 
searches, search area, searcher efficiency, and carcass persistence to generate different 
monitoring protocols that would yield the same detection probability. Though the monitoring 
methods may differ among facilities (e.g., one facility may search every turbine out to 60 
meters [m] once a week and another facility may search 30 percent of the facility’s wind 
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turbine out to 80 m every 3 days), all facility monitoring protocols must be designed to result 
in achieving at least a 30 percent carcass detection probability.  

Second Tier: Roads and Pads Monitoring. To maintain confidence in the take estimate and 
continue to track take over the term of the take authorization, monitoring of roads and pads 
must be conducted in the years following Intensive Monitoring. Roads and Pads Monitoring 
protocols must be implemented following completion of the 3 years of Intensive Monitoring 
and must continue annually over the term of the take authorization. Roads and Pads 
Monitoring protocols must be designed using the EoA software as described for Intensive 
Monitoring. The monitoring protocol must be designed to achieve at least an 8 percent 
carcass detection probability.  

Collection of Tissue and Hair Samples 

Tissue and hair samples must be collected from all bat carcasses detected during Intensive 
Monitoring and Roads and Pads surveys. Tissue and hair samples must be collected, stored, and 
provided to the USFWS in accordance with the procedures described in Appendix G.3 Tissue 
and hair samples will be analyzed by the USFWS to provide information necessary to: 

• Identify the regions where migratory tree bats killed at wind energy facilities have 
summered;  

• Determine natal subpopulation structure of bats killed at turbines;  

• Calculate effective population sizes; and  

• Determine the sex of bats killed by season.  

7.3.2.1.2 Covered Bird Species 

Kirtland’s Warbler 

Individual Permittees/COI-holders that have been issued take authorization for Kirtland’s 
warbler must conduct monitoring concurrent with and using the covered bat species effectiveness 
monitoring methods described in Section 7.3.2.1.1, with the exception of season monitoring 
dates. Spring Monitoring Season will be from March 15 through May 31 of each year and the 
Fall Monitoring Season will be from August 15 through October 31 of each year, which overlaps 
the Fall Monitoring Season for the covered bat species. Summer Monitoring Season surveys are 
required if wind turbines are located within 1 mile of known Kirtland’s warbler breeding habitat 
and if presence/absence surveys conducted within 1 mile of wind turbines indicate the habitat is 
occupied (see Section 5.5.2). Summer Monitoring Season surveys will be conducted from May 
31 through August 14 of each year.  

                                                 
3 The USFWS may revise the tissue and hair sample protocols over the term of the MWE. The protocols will be 
employed at the time samples are taken unless the cost to implement the current protocol is appreciably greater than 
the cost to implement the protocol described in Appendix G. 
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Kirtland's warbler take estimates will be based on the results of the fatality estimation analysis 
that must be conducted for these species in accordance with either the “Erickson & Johnson 
Equation”, “Pollock’s Equation”, or “Huso’s Equation” described in Warren-Hicks et Al. (2013) 
in Appendix G. These fatality estimation methods are based on the number of carcasses of a 
species detected during monitoring; the search area, carcass persistence rate, and search interval 
(see Section 7.3.2.1.1 for a description of these parameters). The EoA method that is used to 
estimate take of covered bat species (see Section 7.3.2.2.1) is not used to estimate take because 
take of Kirtland’s warblers will be so low that that the level of survey effort that would be 
necessary to effectively apply EoA methodology is unwarranted (e.g., 1.58 Kirtland’s warbler 
fatalities are estimated to be taken annually with full build-out of 33,000 megawatts (MW) [see 
Section 4.6.1.1.3]).  

Interior Least Tern and Piping Plover 

All individual Permittees/COI-holders4 must conduct monitoring concurrent with and using the 
covered bat species effectiveness monitoring methods described in Section 7.3.2.1.1, except that 
monitoring during the summer period is not required (interior least tern and piping plover 
breeding habitat is not known to be located in the Covered Lands) and the Fall Monitoring 
Season will be from July 15 through October 1 and that summer.  

Interior least tern and piping plover take estimates will be the number of interior least tern and 
piping plover carcasses located during monitoring. The EoA method that is used to estimate take 
of covered bat species (see Section 7.3.2.1.1) and the methods described above for Kirtland’s 
warbler are not used to estimate take of these species because any instance of take of these 
species will be so rare that the level of survey effort that would be necessary to effectively 
estimate take using these methods is unwarranted (e.g., 0.187 interior least tern and 0.464 piping 
plovers are estimated to be taken annually with full build-out of 33,000 MW [see Sections 
4.7.1.2.1 and 4.8.1.2.1, respectively]). 

Bald Eagle 

Individual Permittees/COI-holders must conduct monitoring concurrent with and using the 
covered bat species effectiveness monitoring methods described in Section 7.3.2.1.1, as modified 
below. Large raptors, like bald eagles, tend to not be removed by scavengers quickly, and are 
more detectable than bats, but may tend to fall on average farther away from turbines than bats. 
Longer search intervals, larger plots, and scanning and search methods that include much wider 
transects and larger viewsheds should be effective for bald eagles.  

First Tier: Intensive Monitoring. Intensive Monitoring to detect bald eagle fatalities must 
be conducted for the first 3 years of operations following issuance an individual ITP or COI. 
Monitoring protocols must be designed using the EoA software as described for Intensive 

                                                 
4 As described in Section 9.4.4.1.3 and Table 9-4, all existing and proposed wind energy facilities will be issued take 
for at least the Northern Great Population piping plover. 
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Monitoring for the covered bat species in Section 7.3.2.1.1. All facility monitoring protocols 
must be designed to result in achieving a carcass detection probability of at least 30 percent 
for the monitoring year.  

Monitoring must be conducted at least monthly from November through February. Bald 
eagle monitoring must be conducted concurrently with monitoring for the covered bat species 
during the April 1 – October 31 monitoring periods. It is anticipated that during this period 
no additional monitoring beyond that conducted for the covered bat species will be required 
to achieve a detection probability of 30 percent. The Intensive Monitoring protocol, however, 
must be revised if necessary to achieve a 30 percent detection probability for the April 1-
October 31 period. In addition to the area searched to detect covered bat species carcasses, 
visual scans must be conducted at each turbine out to a minimum distance of 100 m away 
from the turbine. During the winter period (November 1 – March 31), monthly plot searches 
must be conducted at each turbine out to this larger distance.  

At some facilities, it may be determined that risk to breeding eagles during the summer 
breeding season is zero or very near zero. At such facilities, bald eagle monitoring during the 
summer breeding season will not be required with the concurrence of the USFWS. The 
period of summer breeding that does not overlap with monitoring to detect fatalities of 
migrating and wintering bald eagles is April 1 to August 30.  

Second Tier: Roads and Pads Monitoring. To maintain confidence in the bald eagle take 
estimate and continue to track take over the term of the take authorization, Roads and Pads 
Monitoring must be conducted in addition to the Intensive Monitoring. Roads and Pads 
Monitoring protocols must be implemented following completion of the 3 years of Intensive 
Monitoring and must continue over the term of the take authorization. Roads and Pads 
Monitoring protocols must be designed using the EoA software as described for Intensive 
Monitoring for the covered bat species in Section 7.3.2.1.1. The Roads and Pads Monitoring 
protocols must include conducting visual scans to detect bald eagle carcasses to a distance of 
at least 100 m from roads and pads. All facility monitoring protocols must be designed to 
result in achieving at least an annual 8 percent bald eagle carcass detection probability for the 
monitoring year. Roads and Pads Monitoring may be discontinued during the summer based 
on the same criteria as described above for Intensive Monitoring. 

Bald eagle take estimates must be calculated using the EoA methodology as described for the 
covered bat species in Section 7.3.2.1.1. 

7.3.3 Adaptive Management Triggers and Actions 

Adaptive management triggers are a MWE defined threshold of estimated take such that, if the 
EoA defined level of take is at or exceeds the threshold, adaptive management actions (e.g., 
increasing wind turbine cut-in speed) must be implemented (i.e., “triggered”) by the affected 
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wind energy facility to ensure that the authorized level of take for the facility will not be 
exceeded. 

7.3.3.1 Covered Bat Species 

7.3.3.1.1 Adaptive Management Triggers 

Adaptive management triggers for the covered bat species have been developed based on the 
results of EoA modeling. The approach to adaptive management triggers is presented in Dalthorp 
and Huso (2015) in Appendix F. The need for implementing an adaptive management action at a 
wind energy facility will be triggered when monitoring results indicate an adaptive management 
threshold has been reached. The adaptive management approach uses two threshold triggers, a 
“Long-Term Trigger” and a “Short-Term Trigger”. The Long-Term Trigger is designed to track 
the most probable take by a wind energy facility and uses the median of the posterior distribution 
provided by the EoA (see Appendix F). The estimate is based on the results of carcass 
monitoring and the monitoring protocol detection probability. This information will be used to 
track take at individual wind energy facilities relative to the level of a facility’s authorized take. 
It will also be used to evaluate the aggregate take of all participating wind energy facilities to 
assure that the level of Plan Area-wide take authorized for each Covered Species under the 
MWE is not exceeded. This aggregation will allow a precise measure of Plan Area performance 
across geographic space and through time.  

The Long-Term Trigger will actuate when, based on application of the EoA model, a wind 
energy facility exceeds the total level of take authorized for the facility if adaptive management 
is not implemented. To assure that individual wind energy facilities are protected from violating 
their take authorization (i.e., at the point when one additional found fatality will result in permit 
violation based on EoA estimates), the wind energy facility must cease take of that Covered 
Species. As a wind energy facility approaches its level of authorized take based on EoA results, 
increasing monitoring efforts to increase the carcass detection probability may be desirable to 
avoid the potential for a false triggering of the long-term adaptive management action. For 
example, an individual Permittee/COI-holder may choose to increase monitoring effort and thus 
the carcass detection probability beyond the minimum 8 percent required for Roads and Pads 
Monitoring. Increasing the detection probability will result in the EoA software generating a 
more accurate estimate of take and may avoid triggering an adaptive management action. 

When considering take at individual facilities and at the Plan Area scale, the total authorized take 
will be sustainable if spread over decades, but it may not be if a substantial proportion of the 
total Plan Area take is incurred in just a few years. To complement the Long-Term Trigger, a 
Short-Term Trigger will be used that measures the rolling average of take over the latest 3-year 
period. The Short-Term Trigger will actuate when the estimated 3-year take rate at a wind energy 
facility is being exceeded at the following probabilities for each of the two monitoring periods 
(see Section 7.3.2.1.1): 
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Intensive Monitoring Period: EoA modeling results for the initial 3-year period of 
Intensive Monitoring indicates there is a 95 percent or greater probability that the 
estimated annual take rate exceeds the authorized take rate. 

Roads and Pads Monitoring Period: EoA modeling results based on Roads and Pads 
Monitoring (implemented after the initial 3-year period of Intensive Monitoring) 
indicates there is a 99 percent or greater probability that the estimated annual take rate 
exceeds the authorized take rate. 

The Short-Term Trigger provides a warning signal to an individual Permittee/COI-holder that 
more take is occurring than is acceptable for a covered bat species and, if adaptive management 
is not implemented, the Long-Term Trigger will actuate before the end of the term of the take 
authorization. Should the Short-Term Trigger be actuated, adaptive management actions must be 
implemented to reduce the short-term take and bring the take in line with that provided for under 
the take authorization. This process will prevent excessive take over the span of just a few years. 
The Short-Term Trigger is designed to allow for some annual variation in actual take and to 
guard against “erratic/hair-trigger” decision points. Even though the annual average take 
authorized for a wind energy facility might reflect the true annual take, the actual number of 
fatalities that occur will not be exactly the same from year to year, due to natural variation and 
random chance. The 3-year evaluation period will update annually following the first 3 years of 
Intensive Monitoring using the most recent 3-year fatality estimate based on the carcass counts 
and detection probability of the monitoring protocol. The Short-Term Trigger actuates when the 
observed data are incompatible with the authorized level of take. 

7.3.3.1.2 Adaptive Increases in Wind Turbine Cut-In Speeds 

Currently, the only available action in response to triggering the need for adaptive management 
is to increase turbine cut-in speed. In studies conducted, increases in wind turbine cut-in speeds 
have been shown to be an effective management action to reduce fatalities of bats (see 
Table 5-1).  

The degree to which wind turbine cut-in speeds will be increased under the triggering of a short-
term adaptive management action will be determined by the affected individual Permittee/COI-
holder. The adaptive management must be implemented within 2 calendar days of the time the 
Short-Term Trigger actuates, and the adaptive increase in cut-in speeds must be implemented 
from 30 minutes before sunset until 30 minutes after sunrise during the season in which the 
fatalities were detected to minimize the potential for additional take. Within 5 business days of 
an adaptive management trigger actuating, the affected individual Permittee/COI-holder must 
notify the USFWS and COI-holders must also notify the AIE that adaptive management has been 
triggered and the new wind turbine cut-in speed under which the facility will be operated during 
the season in which the Short-Term Trigger was actuated.  
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If the Short-Term Trigger actuates following implementation of an initial adaptive management 
action, an additional adaptive increase in wind turbine cut-in speeds must be implemented from 
30 minutes before sunset until 30 minutes after sunrise during the season(s) the fatalities have 
been detected. Following implementation of adaptive management, cut-in speeds may be 
reduced to the cut-in speeds indicated in Tables 5-3, 5-5, and/or 5-7, as applicable, if subsequent 
monitoring and EoA modeling results indicate that the Long-Term Trigger under the reduced 
cut-in speeds will not actuate in future years prior to the conclusion of the term of the take 
authorization. 

Available data indicates that at cut-in speeds of 6.9 meters/second (m/s), take of the covered bat 
species is not reasonably expected. A cut-in speed of 6.9 m/s or an action of equivalent 
effectiveness must be implemented if the Long-term Trigger actuates. This 6.9 m/s cut-in speed 
may be increased or decreased by the USFWS if new relevant information becomes available 
over the term of the MWE indicating that avoidance of take is at a cut-in speed lower or higher 
that 6.9 m/s.5 A change in the avoidance cut-in speed will be in effect within 5 business days of 
written notification to individual Permittees and the AIE describing the new avoidance cut-in 
speed, including information supporting the change. The placement and use of devices or other 
methods, if available, that are proven effective in reducing or eliminating collision of covered bat 
species with wind turbine blades may be used in place of cut-in speed adjustments that are 
required with actuation of the Short-Term and Long-Term Triggers through the process 
described in Section 9.12.  

Low Take Facilities 

Low take facilities are defined as wind energy facilities that are authorized to annually take 2 or 
fewer individuals of a covered bat species . Application of the EoA methodology to low take 
facilities has a substantially higher probability for a false triggering of the Short-Term or Long-
Term Trigger, particularly in the early monitoring years, than for facilities that estimate annually 
taking more than 2 individuals of a covered bat species. Upon the actuation of an adaptive 
management trigger for a low take facility, the affected individual Permittee/COI-holder may 
provide the USFWS with additional data of similar quality, validity, and rigor as that used in the 
application of the EoA methodology that indicates the Short-Term or Long-Term Trigger has 
been falsely actuated. If USFWS concurs that the Short-Term Trigger has falsely actuated, there 
is no requirement to implement adaptive management. 

If the Short-Term or Long-Term Trigger actuates, except as described above, at a low take 
facility and no alternative data is provided to indicate that the actuation is erroneous, the 
individual Permittee/COI-holder must either (1) implement higher wind turbine cut-in speeds as 
described above or (2) implement a one-time increase in its take authorization for the applicable 
covered bat species following the completion of the 3-year Intensive Monitoring Period (see 

                                                 
5 The USFWS believes using this system of triggers provides assurance that individual Permittees and COI-holders 
will remain in compliance with their take authorization.  
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Section 7.3.2.1.1).6 At the end of the Intensive Monitoring period an individual Permittee/COI-
holder may increase the level of take authorized for a covered bat species at a low take facility 
through a minor amendment to an individual ITP or a modification to a COI by the AIE (see 
Section 8.6.2.2).  

The option to increase the authorized take after the 3 years of Intensive Monitoring may be used 
whether or not an adaptive management trigger has actuated.7 Increasing the take authorized 
under an individual ITP using the minor amendment process (1) must be approved by the 
USFWS , which includes an additional ITP evaluation (see Section 9.4.1.3) to confirm, among 
other things, that increasing the authorized take is consistent with the MWE programmatic ESA 
section 7 analysis; (2) must not exceed the addition of 2 individuals of the covered bat species 
for authorizations with an annual estimated take of 1 individual and must not exceed 1 individual 
for authorizations with an annual estimated take of more than 1 individual; (3) requires that the 
requested increase in authorized take is available for allocation under the MWE; and (4) must 
implement mitigation for any increase in a take authorization within 2 years of amending an 
individual ITP. Affected COI-holders may have their COIs modified by the AIE to increase their 
take authorization as described above for individual ITPs only if the USFWS does not object to 
the modification based on results of its consistency review (see Section 9.4.2.3).  

7.3.3.1.3 Discovery of a Covered Bat Species Maternity Colony 

If a currently unknown covered bat species maternity colony is discovered or becomes 
established within 2.5 miles of a wind energy facility, there is the potential for the facility to 
exceed the level of take authorized under the individual ITP or COI. This is because the numbers 
of the covered bat species that would be in proximity to wind turbines would be greater than was 
assumed at the time the facility’s take was originally estimated. If, based on results of the EoA 
annual take estimates, the Short-Term Trigger is actuated as a result of the presence of a 
previously unknown maternity colony, an individual Permittee/COI-holder may request an 
increase in the authorized level of take for the applicable covered bat species through a minor 
amendment (see Section 8.6.2.2).  

Increasing the take authorized under an individual ITP using the minor amendment process 
requires (1) documentation of the maternity colony’s existence provided to the USFWS; (2) 
another take analysis conducted for the facility to determine the level of additional requested 
take; (3) approval by the USFWS, which includes an additional ITP evaluation (see Section 
9.4.1.3) to confirm, among other things, that increasing the authorized take is consistent with the 
MWE programmatic ESA section 7 analysis; (4) that sufficient take is available for allocation 

                                                 
6 Any requested increase in the authorized take that is proposed after this time must occur through the major 
amendment process described in Section 8.6.3. 
7 The individual permittee/COI-holder may choose to use the minor amendment or COI modification process, 
respectively, to increase the authorized take if the first 3 years of intensive monitoring provides evidence that the 
original take estimate was too low even if adaptive management has not been triggered. 
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under the MWE to fulfill the requested increase in authorized take ; and (5) that mitigation for 
any increase in a take authorization must be implemented within 2 years of amending the 
individual ITP. Affected COI-holders may have their COIs modified by the AIE to increase their 
take authorization as described above for individual ITPs only if the USFWS does not object to 
the modification based on results of its consistency review (see Section 9.4.2.3).  

7.3.3.1.4 Decrease in Authorized Level of Covered Bat Species Take 

Following the first 10 years of covered bat species monitoring, individual Permittees/COI-
holders may submit a request to the USFWS or AIE, respectively, to lower the amount of the 
facility’s authorized take if EoA modeling results for the previous 10 years indicate that the EoA 
estimated take is substantially less than the level of authorized take. The submittal of a request to 
reduce the authorized take must include documentation that, based on the EoA modeling results 
for the prior monitoring years, there is a 99 percent probability that the estimated take will not 
equal or exceed the authorized level of take over the term of the individual ITP/COI. The request 
must also include the proposed reduction in take.  

Take reduction requests that meet this criterion must be approved by the USFWS or the AIE, 
depending on the take authorization. Individual ITPs will be amended through the minor 
amendment process and COIs will be modified by the AIE as described in Section 8.6.2.2. The 
amount of authorized take removed from an individual ITP or COI will be made available for 
issuance to project proponents that seek to enroll in the MWE if the take reduction is 
implemented during the MWE enrollment period (see Section 1.5). 

7.3.3.2 Potential for Exceedance of Interior Least Tern and Northern Great 
Plains Piping Plover Take 

This adaptive management requirement addresses the likelihood for the collective Plan Area-
wide take authorization for interior least terns and the Northern Great Plains piping plover 
population to be exceeded (see Section 9.4.4.1.3 for the description of how take of these Covered 
Species is allocated). The risk for take of these species at each enrolled wind energy facility is 
expected to be very low (see Table 9-5). Adaptive management will be required if the USFWS 
determines that monitoring results indicate that the authorized Plan Area-wide take for these 
species may be exceeded and that the source of the detected take is geographically widespread 
among four or more wind energy facilities. In such an event, the USFWS will notify individual 
Permittees with take authorizations for interior least tern and/or piping plover and the AIE within 
2 business days of making the finding. 8   

                                                 
8 The potential for exceedance of interior least tern and piping plover take in instances where the monitored take 
indicates that take is geographically clumped and limited to a small number of facilities (e.g., less than four) is 
addressed as a changed circumstance in Section 8.4.5. 
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Within 60 days of the notification, the USFWS will conduct and complete an analysis of all 
relevant available data and information to determine if an adaptive management action must be 
implemented to ensure that the authorized Plan Area-wide take level for these species is not 
exceeded. If it is determined that an adaptive management action(s) must be implemented, the 
USFWS will meet and confer with affected individual Permittees and the AIE (if COI-holders 
are affected) to identify an appropriate adaptive management action(s). Potential adaptive 
management actions could include, but are not limited to, feathering turbines during the dates 
and times that interior least tern and piping plover are at risk for take, modifications to facility 
lighting, and modifications to physical components of the facility. The USFWS, with 
consideration of input received from the affected individual Permittees and the AIE, will 
determine the adaptive management action(s) to be implemented. The USFWS will notify the 
affected individual Permittees and the AIE of the adaptive management action(s), including any 
attendant monitoring requirements that must be undertaken by the affected facilities. The 
adaptive management action(s) must be implemented within 5 business days of the notification 
to the affected wind energy facilities.  

If results of operations effectiveness monitoring conducted after the adaptive management 
action(s) are implemented, there is likelihood that the authorized level of Plan Area-wide take for 
these species may still be exceeded over the term of the MWE, the USFWS will meet and confer 
with the affected individual Permittees and the AIE to identify and adopt an alternate adaptive 
management action(s) to further reduce take of these species using the process described above. 

7.3.3.3 Increase in Interior Least Tern and Northern Great Plains Population 
Piping Plover Take Authorization 

This adaptive management action applies to individual ITPs and COIs for wind energy facilities 
that are located within the Plan Area range of the interior least tern and/or the Northern Great 
Plains Population of piping plover (see Section 9.4.4.1.3 for the description of how take of these 
Covered Species is allocated). If results of operations effectiveness monitoring indicates that a 
wind energy facility has an incidence of take of an interior least tern or a Northern Great Plains 
Population piping plover, the affected individual Permittee may have their ITP increased by 1 
individual of the species through a minor amendment to the take authorization (see Section 
8.6.2). Affected COI-holders may have their COIs modified by the AIE to similarly increase 
their take authorization by 1 individual of these species if the USFWS does not object to the 
modification based on results of its consistency review (see Section 9.4.2.3). The minor 
amendment to an individual ITP or modification of a COI, however, will not be granted if the 
USFWS makes a determination that the minor amendment or modification will likely result in 
exceeding the Plan Area-wide take authorization for these species.  

If monitoring results in subsequent years indicate that a subsequent incidence of take of one of 
these species has occurred, the affected individual Permittee/COI-holder may have their take 
authorization for these species increased by another 1 individual as described above. No further 
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increases in the take authorized under an individual ITP or COI are permissible. Mitigation for 
any increase in a take authorization must be implemented within 18 months in accordance with 
the mitigation requirements described in Sections 5.6.3 and 5.7.3.  

If the USFWS determines that the authorized take for a facility cannot be increased, wind 
turbines must be feathered during periods of high risk for interior least tern and/or piping plover 
collision with turbines. The seasonal and daily feathering requirements will be determined by the 
USFWS based on the degree of curtailment necessary to reduce the future take to levels that will 
not exceed of the authorized take. In the long-term, affected individual Permittees/COI-holders 
may propose and implement alternative adaptive management actions (e.g., modifying physical 
components of the facility such that take will be minimized sufficiently to avoid exceeding the 
authorized level of take) if the USFWS concurs that the proposed alternative actions will be as 
effective at minimizing take as the initial feathering actions.  

7.3.3.4 Take of a Great Lakes Population Piping Plover 

This adaptive management requirement addresses the likelihood for the collective Plan Area-
wide take authorization of the Great Lakes Population of piping plover for enrolled wind energy 
facilities to be exceeded (see Section 9.4.4.1.3 for the description of how take of the Great Lakes 
Population of piping plover is allocated). The MWE allows for the taking of up to 3 piping 
plover from the Great Lakes Population (2 allocated to proposed wind energy facilities and 1 
allocated to existing wind energy facilities) over the term of the MWE (see Table 9-5). All 
individuals that comprise the Great Lakes Population are banded and thus any piping plover 
carcasses that are located during monitoring that are members of this population will be 
identifiable.  

This adaptive management action will be triggered when the take of 1 Great Lakes Population 
piping plover from any enrolled wind energy facility has been confirmed. Upon confirming the 
take of one piping plover, the USFWS will notify within 2 business days individual Permittees 
with take authorization for the Great Lakes Population of piping plover and the AIE. Following 
issuance of the notification, the USFWS will confer with the affected individual Permittees and 
the AIE for a period of 30 calendar days to develop an appropriate adaptive management 
response(s). At the end of the 30-day conference period, the USFWS, with consideration of input 
received from affected individual Permittees and the AIE, will determine the adaptive 
management action(s) to be implemented. The USFWS will notify the affected individual 
Permittees and AIE of the adaptive management action(s), including any attendant monitoring 
requirements that must be undertaken by the affected facilities. The adaptive management 
action(s) must be implemented within 5 business days of the notification to the affected wind 
energy facilities. 
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7.3.3.5 Potential for Exceedance of Bald Eagle Take 

This adaptive management requirement addresses the likelihood for new wind facilities and 
existing wind facilities with a bald eagle take authorization to exceed their level of authorized 
take.  

Starting in the fifth year of each bald eagle take authorization, individual Permittees/COI-holders 
must annually determine the aggregated bald eagle take estimate based on a 5-year rolling 
average. If the 5-year take estimate exceeds the level of authorized take as annualized for a 
5-year period, a short-term adaptive management action will be triggered. Actuation of the 
Short-Term Trigger requires that the affected individual Permittee and the AIE confer with the 
USFWS to identify an appropriate facility-specific adaptive management action(s) that must be 
implemented to ensure that the level of take that is authorized will not be exceeded over the term 
of the individual ITP or COI. Potential adaptive management actions include, but are not limited 
to: 

• Increasing the level of authorized bald eagle take under the take authorization through the 
minor modification process described in Section 8.6.2.2 up to the level of take that is 
estimated from operations effectiveness monitoring results (an increase in the level of 
authorized take would only be able to be granted with the approval of the USFWS and if 
there is sufficient take available under the MWE to accommodate the request increase in 
take); and  

• Shutting down specified wind turbines during periods bald eagles are present based on 
the observed flight patterns of bald eagles through the facility (e.g., results of pre-
construction surveys, monitoring specifically undertaken to identify bald eagle flight 
patterns the location of turbines relative to the location of detected bald eagle fatalities) or 
based on real-time observations by qualified biologists monitoring for the presence of 
bald eagles. 

A long-term adaptive management action will be actuated when total take estimated through 
application of the EoA Model indicates that the estimated take will exceed the total level of take 
authorized for the facility if adaptive management is not implemented. The activation of the 
Long-Term Trigger will require that wind turbines be operated such that there is no reasonable 
risk of further take. Initially, no wind turbines will be operated from sunrise to sunset during 
periods bald eagles are present. The affected individual Permittee and AIE may request to 
coordinate with the USFWS to develop and implement an alternative operations-related take 
avoidance strategy that is specific to the bald eagle activity and fatality documented for the 
facility. If approved by the USFWS, the alternative avoidance strategy may be implemented 
along with any alternative-specific effectiveness monitoring that is required by the USFWS, over 
the remaining term of the take authorization.  
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7.3.4 Reporting  

A description of operations compliance, effectiveness, and effects monitoring activities and 
monitoring results must be submitted in Annual Compliance Reports in accordance with the 
provisions of Section 9.10.1. Any take of a Covered Species must be reported to the USFWS 
within 2 business days upon documenting that take has occurred (see Section 9.10.2). As 
described in Section 9.10.3, the triggering of an adaptive management action also must be 
reported to the USFWS within 2 business days of actuating an adaptive management trigger. All 
reported information, including the documentation of Covered Species and other native wildlife 
species fatalities, will be publicly available information. 

7.3.4.1 Compliance Monitoring 

Compliance monitoring reporting requirements must include a statement indicating that all 
operations-related AMM requirements have been implemented, or a description of and reasons 
for any deviations from the AMM requirements (see Section 9.10.1), and a description of the 
records that are maintained that demonstrate compliance. If there have been deviations from the 
AMM requirements, a description of the deviation(s) and the corrective actions undertaken to 
reestablish compliance with the AMMs in accordance with the provisions of Section 9.10.4. 

7.3.4.2 Effectiveness Monitoring and Adaptive Management 

Effectiveness and effects monitoring reporting requirements include, but are not limited to, the 
following items. 

• A description of the specific objectives of the wind energy facility’s monitoring actions. 

• A description of the implemented monitoring procedures, including sampling methods, 
monitoring dates and times, and a description of factors that may have affected survey 
results (e.g., weather conditions). 

• Data and calculations used to determine searcher efficiency and carcass persistence.  

• The names of the individuals conducting the monitoring and the analysis of monitoring 
data. 

• All of the parameters that comprise the EoA model and the estimated annual and seasonal 
take of Covered Species based on application of the EoA software. 

• A summary of Covered Species and other wildlife fatality detections. Fatality detections 
of Covered Species must include the date, turbine number, distance and direction of the 
carcass from the turbine, species, and, if determinable, the age and sex of the fatality. 
Fatality detections of non-Covered Species must include the same information as 
provided for Covered Species fatalities.  
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• A tabular presentation of survey results by survey date and monitoring season for each of 
the applicable Covered Species.  

• A cumulative summary of monitoring results by season through the current reporting 
year. 

• A description of adaptive management actions implemented during the reporting year, a 
description of the monitoring data supporting implementation of the actions, and, if 
applicable, the results of adaptive management monitoring.  

• A cumulative summary of adaptive management actions implemented through the current 
reporting year with a description of the effectiveness of the adaptive management action 
in achieving its goal. 

• A description of the monitoring and adaptive management activities planned for the 
following implementation year. 

• Recommendations with supporting information for improving the effectiveness of 
monitoring methods, monitoring analyses, or the effectiveness of operations-related 
AMMs. 

7.4 MITIGATION MONITORING AND ADAPTIVE MANAGEMENT 

7.4.1 Compliance Monitoring 

Mitigation compliance monitoring must be implemented by the MIE and individual 
Permittees/COI-holders that are implementing mitigation. Mitigation that is implemented by 
conservation programs on behalf of individual Permittees/COI-holders and mitigation provided 
through acquisition of mitigation credits from USFWS-approved mitigation banks, conservation 
banks, and in-lieu fee programs will be subject to the USFWS monitoring requirements 
established for those entities. 

7.4.1.1 Habitat Protection 

The purpose of compliance monitoring for the protection of existing Covered Species habitat is 
to document that mitigation sites have been protected per the requirements of the MWE. 
Compliance monitoring actions for each mitigation site requires the following: 

1. Documentation that the mitigation has been protected through placement of a perpetual 
MWE conservation easement (see Section 9.7.2.4). 

2. The level of take that is mitigated by the site. 

3. Documentation that the provisions of the mitigation site conservation easement have been 
monitored and enforced. 
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4. Documentation of the results of changed circumstances monitoring (see Section 7.4.1.4). 

5. Documentation of the occurrence of a changed circumstance and actions that are 
implemented in response to a changed circumstance (see Sections 7.4.1.4 and 8.4.2). 

6. Documentation of the monitoring methods and results of monitoring conducted to assess 
the effectiveness of actions that are implemented in response to a mitigation-related 
changed circumstance (see Section 8.4.2). 

7. Documentation of the occurrence of an unforeseen circumstance (see Section 8.3). 

7.4.1.2 Habitat Restoration 

The purpose of compliance monitoring for the restoration of existing Covered Species habitat is 
to document that mitigation sites have been protected and restored per the requirements of the 
MWE. Compliance monitoring for mitigation sites in which habitat is restored requires all of the 
documentation described for habitat protection in Section 7.4.1.3. In addition, habitat compliance 
monitoring must include documentation that the restoration actions were successful (see Sections 
7.4.1.2.1 and 7.4.1.3). 

7.4.1.2.1 Restored Covered Bat Species Summer and Spring Staging/Fall Swarming 
 Habitat 

Restored summer and spring staging/fall swarming habitat must be monitored during the habitat 
establishment phase to document that the planted trees have developed as habitat for the covered 
bat species. Monitoring must be conducted through years 1–5 and every 5 years thereafter 
following restoration of the mitigation site or until expiration of the term of the applicable take 
authorization.  

Habitat restoration sites must be monitored through years 1-5 and 10 to ensure that at least 380 
stems per acre of tree species that are native to the vicinity of the mitigation site are present. If 
monitoring detects less than 380 trees per acre in any monitoring year, 130 percent of the number 
of trees necessary to provide at least 380 trees per acre must be planted within 1 year. This 
performance standard is based on Conservation Practice Standard for Tree/Shrub Replacement 
technical guidance for the state of Indiana (see Appendix G). The performance standard 
described here may be adjusted with the concurrence of the USFWS if the Natural Resources 
Conservation Service has established separate guidance for the state in which the mitigation is 
located. 

Monitoring conducted from year 15 through the term of the applicable take authorization must be 
conducted to assess percent tree canopy cover either through evaluation of aerial imagery or by 
conducting field sampling. If monitoring results indicate that tree canopy cover is less than 40 
percent in any monitoring year, a sufficient number of additional native trees must be planted to 
return the percent canopy cover to a minimum 70 percent within 10 years. 
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7.4.1.2.2 Restored Kirtland’s Warbler Habitat and Brown-Headed Cowbird Control 

As indicated in Section 5.5.3, Kirtland’s warbler mitigation must be implemented through 
providing funds to existing conservation programs that are restoring Kirtland’s warbler habitat 
and controlling brown-headed cowbirds to reduce the adverse effects of nest parasitism on its 
reproductive success. MWE compliance monitoring for Kirtland’s warbler requires that the 
individual Permittee/COI-holder provide documentation that the mitigation has been 
implemented in accordance with the conservation program’s USFWS-approved description of 
the proposed mitigation (see Sections 9.7.2.2.3 and 9.7.2.2.4).  

7.4.1.2.3 Restored Interior Least Tern and Piping Plover Habitat 

As indicated in Sections 5.6.3 and 5.7.3, interior least tern and piping plover mitigation must be 
implemented through providing funds to existing programs that are restoring interior least tern 
habitat along the Platte River and piping plover habitat for the Great Lakes population. MWE 
compliance monitoring for interior least tern and piping plover requires that the individual 
Permittee/COI-holder provide documentation that the mitigation has been implemented in 
accordance with the conservation program’s USFWS-approved description of the proposed 
mitigation (see Section 9.7.2.2.4).  

7.4.1.3 Covered Bat Species Hibernaculum 

The purpose of compliance monitoring for the protection and/or enhancement of existing 
covered bat species hibernaculum is to document that mitigation sites have been protected or 
enhanced per the requirements of the MWE. If the protection of a hibernaculum includes 
modifications to the hibernaculum entrance (e.g., the installation of a cave gate), compliance 
monitoring must be conducted to document that the cave gate or other modification is fully 
functional. Compliance monitoring actions for each mitigation hibernaculum includes the 
following: 

1. Documentation that the mitigation has been protected through placement of a perpetual 
MWE conservation easement (see Section 9.7.2.4). 

2. The level of take that is mitigated by the site. 

3. Documentation that the provisions of the mitigation site conservation easement have been 
monitored and enforced. 

4. If applicable, documentation that the as-built condition of any structural enhancements to 
covered bat species hibernaculum (e.g., cave gates) has been implemented in accordance 
with specifications approved by the USFWS. Documentation must include the plan 
specifications used to construct the improvement(s), photographs of the improvements, 
and location map.  
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5. If applicable, methods and results for documenting the functionality of the cave gate or 
other modification to the hibernaculum entrance. 

If results of monitoring of modifications to a hibernaculum entrance indicates that the 
modification (1) is impeding the access and/or egress of bats to and from the hibernaculum 
relative to baseline conditions and/or (2) does fully preclude access of people into the cave (e.g., 
a cave gate), then the design of the modification must be changed such that these criteria are met. 
Any subsequent required modifications to the original design must be monitored as described 
above for the original modification. 

7.4.1.4 Changed Circumstances 

Each mitigation site must be annually inspected by a qualified biologist on behalf of the 
Responsible Mitigation Entity to determine if a mitigation-related changed circumstance, as 
described in Section 8.4.2, has occurred. These inspections may be implemented concurrently 
with other mitigation site management, maintenance, and monitoring activities.  

7.4.2 Effectiveness Monitoring 

This section describes effectiveness monitoring requirements for Covered Species mitigation. As 
described in Section 9.7.2, a detailed description of mitigation effectiveness monitoring methods, 
parameters, and data analysis methods must be included in Mitigation Site Plans prepared by the 
Responsible Mitigation Entity for submittal and approval to the USFWS prior to acquisition of a 
mitigation site. Monitoring of MIE mitigation sites must be conducted over the term of the MWE 
and monitoring of mitigation sites maintained by individual Permittees/COI-holders must be 
conducted over the term of their take authorizations. Individuals conducting monitoring for any 
of the listed Covered Species are required to have or function under the direction of a person 
holding a valid ESA section 10(a)(1)(A) permit for the applicable species. 

7.4.2.1 Covered Bat Species 

Effectiveness monitoring for each type of covered bat species mitigation must be conducted as 
described in the following sections.  

7.4.2.1.1 Protection of Summer and Spring Staging/Fall Swarming Habitat 

Each mitigation site that protects existing summer habitat for one or more covered bat species 
must be monitored every 5 years to (1) assess the status of habitat conditions for the covered bat 
species and (2) assess the occupancy of the mitigation site by the covered bat species. Once 
occupancy of the mitigation site has been determined, no further occupancy surveys are required 
for that 5-year monitoring period.  
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Habitat conditions must be monitored to ensure that the habitat protection measures, including 
land management prescriptions, are effective in ensuring that covered bat species habitat 
conditions have been maintained or improved relative to baseline habitat conditions. Monitored 
habitat parameters must include percent tree cover and percent cover of non-native tree species. 
Monitoring methods must include interpretation of high resolution aerial photographs and/or 
conducting onsite surveys.  

Monitoring to confirm occupancy of each mitigation site for each covered bat species for which 
each site provides mitigation must be conducted using acoustic and/or mist netting surveys. 
Surveys must be conducted in accordance with the USFWS Rangewide Indiana Bat Summer 
Survey Guidelines (see Appendix G for the 2015 guidelines).9 Once presence of the covered bat 
species is documented at a mitigation site, monitoring during the survey year at the mitigation 
site may be discontinued. 

7.4.2.1.2 Restored Summer Habitats 

The covered bat species REA models (see Appendix C) require that restored summer habitat 
mitigation sites must be located within the home range of a covered bat species maternity colony. 
Monitoring in years 5 and 10 following acquisition of the mitigation site requires documenting 
the persistence of the maternity colony. Following maturation of the restored habitat10 (expected 
to typically occur within 10 years following completion of habitat restoration activities), 
monitoring for both persistence of the maternity colony and occupancy of the restored habitat for 
the covered bat species must be conducted every 5 years. Once occupancy of the mitigation site 
has been determined, no further occupancy surveys of the mitigation site are required for that 5-
year monitoring period.  

Monitoring to confirm the persistence of the maternity colony and occupancy of the restored 
habitat must be conducted using acoustic and/or mist netting surveys. Surveys must be conducted 
in accordance with the USFWS Rangewide Indiana Bat Summer Survey Guidelines (see 
Appendix G for the 2015 guidelines).11 

7.4.2.1.3 Protected Hibernaculum 

Each mitigation site that protects existing winter habitat for one or more covered bat species 
must be monitored every 2 years to (1) determine if the hibernaculum is being used by the 

                                                 
9 The USFWS may revise summer survey protocols over the term of the MWE. The most current summer survey 
protocols will be employed at the time surveys are initiated unless the cost to implement the current survey method 
is appreciably greater than the cost to implement the monitoring method described in Appendix G. 
10 Restored habitats are considered to reach “maturity” at the time they have developed the minimal habitat attributes 
required to support use by the covered bat species. 
11 The USFWS may revise summer survey protocols over the term of the MWE. The most current summer survey 
protocols will be employed at the time surveys are initiated unless the cost to implement the current survey method 
is appreciably greater than the cost to implement the monitoring method described in Appendix G. 
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covered bat species, (2) estimate the abundance of covered bat species using the site, (3) assess 
how the hibernaculum is being used relative to pre-protection conditions (e.g., changes in the 
portion of the hibernaculum used by the covered bat species), and (4) determine, if applicable, 
whether modifications to the hibernaculum entrance (e.g., installation of a cave gate or structures 
to stabilize the entrance) are fully functional.  

Monitoring to determine if covered bat species are using the hibernacula must include mist 
netting, acoustic surveys, visual observation, or other methods as approved by the USFWS (see 
Appendix G for an example survey protocol). These survey requirements, with the concurrence 
of the USFWS, may be fulfilled if such surveys are being conducted under an existing UFSWS-
approved survey program. 

7.4.2.1.4 Protected Artificial Little Brown Bat Roost Sites 

Protected artificial little brown bat roost sites (e.g., abandoned buildings and other structures) 
must be monitored every 5 years to (1) confirm the use of the roost site by little brown bat and, if 
present, (2) to estimate the number of little brown bats using the roost site, and (3) determine if 
the roosting structure is stable and fully functional relative to the baseline condition of the 
structure. Monitoring to determine if covered bat species are using the site may include mist 
netting, acoustic surveys, visual observation, or other methods, as approved by the USFWS. 
Surveys to estimate the number of little brown bats present in mitigation hibernaculum must be 
conducted using USFWS approved survey methods (see Appendix G for an example of a 
hibernacula survey protocol).  

7.4.2.2 Restored Kirtland’s Warbler Habitat and Brown-Headed Cowbird 
Control 

As indicated in Section 5.5.3, Kirtland’s warbler mitigation must be implemented through 
providing funds to existing conservation programs that are restoring Kirtland’s warbler habitat 
and controlling brown-headed cowbirds to reduce the adverse effects of nest parasitism on its 
reproductive success. MWE effectiveness monitoring for Kirtland’s warbler requires that the 
individual Permittee/COI-holder provide a description and the results of the conservation 
program’s USFWS-approved description of the proposed monitoring activities (see Sections 
9.7.2.2.3 and 9.7.2.2.4).  

7.4.2.3 Interior Least Tern and Piping Plover 

As described in Sections 5.6.3 and 5.7.3, mitigation for interior least tern and piping plover, 
respectively, must be implemented by USFWS-approved interior least tern and piping plover 
conservation organizations under contract to and funded by individual Permittees/COI-holders. 
MWE effectiveness monitoring for interior least tern and piping plover requires that the 
individual Permittee/COI-holder provide a description and the results of the conservation 
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program’s USFWS-approved description of the proposed monitoring activities (see 
Section 9.7.2.2.4).  

7.4.3 Adaptive Management Triggers and Actions 

7.4.3.1 Covered Bat Species 

7.4.3.1.1 Protection of Habitat  

If the results of effectiveness monitoring of protected summer, spring staging/fall swarming, or 
hibernaculum mitigation sites indicate that covered bat species are no longer using the mitigation 
site or the numbers of covered bat species using the site has been substantially reduced, the 
implementation of additional mitigation or other adaptive management actions is not required. 
Additional mitigation, however, may be required if the use of a mitigation site by the covered bat 
species or the habitat conditions that support use of the mitigation site by covered bat species is 
affected by changed circumstances (see Section 8.4.2). 

7.4.3.1.2 Restoration of Summer Habitat 

The adaptive management trigger for restoration of covered bat species summer habitat is a 
determination by the USFWS that, based on analysis of data collected from summer habitat 
restoration sites or under a summer habitat restoration monitoring study (see Section 5.1.6), there 
is a widespread or consistent failure of summer habitat restoration to support use by the covered 
bat species. The analysis will be based on an assessment of the restored habitats ability to either 
provide a demonstrable increase in survival of covered bat species (e.g., the establishment of 
high value foraging habitat thus reducing the expenditure of energy necessary to forage) or an 
increase in production of covered bat species (e.g., through the growth of existing or 
establishment of new maternity colonies in or near restored habitat) compared to pre-restoration 
conditions.  

If the results indicate restoration of summer habitat is not effective, restoration of summer habitat 
will be discontinued as a mitigation option for covered bat species; however, the USFWS may 
reinstate restoration of summer habitat as a mitigation measure if effective methods for restoring 
the habitat are identified over the term of the MWE MSCHP. In the event that restoration of 
summer habitat is discontinued as a mitigation option, additional mitigation will not be required 
to replace restored mitigation habitat that is already in place or in progress at the time of 
USFWS’s determination to discontinue habitat restoration as a mitigation option. All mitigation 
from the time that restoration of summer habitat is discontinued as a mitigation option will be 
comprised of other mitigation options identified in the covered bat species REA models (see 
Appendix C).  
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7.4.3.1.3 Hibernaculum Modifications and Artificial Little Brown Bat Roost Sites 

The need for implementing adaptive management will be triggered if, in the absence of a 
changed circumstance (see Section 8.4.2), results effectiveness monitoring indicate that (1) the 
modifications made to the entrance of a hibernaculum have become unstable or are not fully 
functioning relative to their functionality at the time compliance monitoring is completed (see 
Section 7.4.1.3) or (2) an artificial little brown bat roost site structure has collapsed, has become 
unstable such that there is a reasonable likelihood for its collapse within 2 years, or a portion of 
the structure has deteriorated or been otherwise modified such that the ability of little brown bat 
to enter or exit the roost site is impeded relative to baseline conditions. If the first adaptive 
management trigger is actuated, the Responsible Mitigation Entity must repair the modifications 
made to a hibernaculum entrance such that structural integrity and configuration of the 
modification is restored to the original design conditions. If the second adaptive management 
trigger is actuated, the artificial roost site must be reconstructed, reinforced, or otherwise 
modified based on designs that must be approved by the USFWS such that it is restored to its 
baseline functionality as a roost site. 

7.4.4 Reporting 

A description of mitigation compliance and effectiveness monitoring activities and monitoring 
results must be submitted in Annual Compliance Reports in accordance with the provisions of 
Section 9.10.1. As described in Section 9.10.3, the triggering of an adaptive management action 
also must be reported to the USFWS within 2 business days of actuating an adaptive 
management trigger. 

7.4.4.1 Compliance Monitoring 

Compliance monitoring reporting requirements for all types of mitigation must include the 
following items. 

• A copy of the mitigation conservation easement (only required during the first reporting 
year);  

• A description of actions undertaken during the reporting year to monitor and enforce 
compliance with provisions of the conservation easement;  

• A description of any deviation from the USFWS-approved mitigation plan (see 
Section 9.7.2), including the reasons for the deviation;  

• A description of any declared mitigation-related changed circumstances (see 
Section 8.4.2) and the effectiveness of planned responses based on an evaluation of 
monitoring results;  
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• Documentation from conservation programs implementing Kirtland’s warbler, interior 
least tern, and piping plover mitigation under contract to individual Permittees and COI-
holders has been implemented as approved by USFWS. 

• A description of results of inspections of mitigation sites to detect the potential 
occurrence of a changed circumstance; and  

• A description of any declared mitigation-related unforeseen circumstance and any actions 
implemented in response to the circumstance.  

Compliance monitoring reporting requirements for covered bat species habitat restoration sites 
must also include the following items.  

• The names of the individuals conducting the monitoring. 

• A description of monitoring methods, including sampling design, dates of monitoring, 
and results. 

• An assessment of the overall physical and biological attributes of the restored habitat and 
trends in those attributes relative to the summer habitat requirements of the covered bat 
species for which mitigation is being provided. 

• A description of any replanting of trees or non-native invasive plant species control 
actions that are implemented to maintain compliance with tree survival and non-native 
invasive plant species performance criteria. 

• A description of any other actions implemented to improve restoration success (e.g., 
activities to control herbivory). 

• Recommendations for improvements in habitat restoration design and methods that may 
improve restoration success or habitat conditions for covered bat species for subsequent 
habitat restoration projects. 

• A description of the monitoring activities planned for the following implementation year. 

Compliance monitoring reporting requirements for hibernaculum and little brown bat roost 
mitigation sites must also include information that documents any modification to a 
hibernaculum.  

7.4.4.2 Effectiveness Monitoring and Adaptive Management 

Effectiveness and effects monitoring reporting requirements include, but are not limited to, the 
following items. 

• A description of the specific objectives of the wind energy facility’s monitoring actions. 

• The names of the individuals conducting the monitoring. 
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• A description of monitoring methods, including sampling design, dates of monitoring, 
and results. 

• A description of the monitoring results and activities and of conservation program’s 
implementing Kirtland’s warbler, interior least tern, and piping plover mitigation under 
contract to individual Permittees and COI-holders has been implemented as approved by 
USFWS. 

• Results of covered bat species and bald eagle surveys conducted in the reporting year and 
cumulatively for all reporting years. 

• An assessment of the overall physical and biological attributes of the restored mitigation 
habitat and trends of those attributes relative to the summer habitat requirements of the 
covered bat species for which mitigation is being provided. 

• A description of adaptive management actions implemented during the reporting year, a 
description of the monitoring data supporting implementation of the actions, and, if 
applicable, the results of adaptive management monitoring.  

• A cumulative summary of adaptive management actions implemented through the current 
reporting year with a description of the effectiveness of the adaptive management action 
in achieving its goal. 

• A description of the monitoring and adaptive management activities planned for the 
following implementation year. 

• Recommendations for improvements in effectiveness monitoring methods. 

• Recommendations for improvements in habitat restoration design and methods that may 
improve restoration success or habitat conditions for covered bat species for subsequent 
habitat restoration projects. 

7.5 PLAN AREA-WIDE MONITORING 
The USFWS anticipates conducting Plan Area-wide monitoring over the term of the MWE. Plan 
Area-wide effectiveness monitoring includes actions to monitor trends in ecological conditions 
supporting the Covered Species and the status and trends of Covered Species populations within 
the Plan Area. Results of Plan Area-wide effectiveness monitoring also provides information 
necessary to assess progress towards achieving the biological goals and objectives. Plan Area-
wide monitoring includes the use of data collected for other purposes (e.g., pre-construction 
surveys, operations effectiveness monitoring). Plan Area-wide monitoring is intended to 
complement facility-level monitoring described in Sections 7.3 and 7.4 by investigating causality 
when examining a biological response to AMMs and use of mitigation lands by Covered 
Species.  
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Components of Plan Area-wide effectiveness monitoring include: 

• Gathering Covered Species-related data collected by others (e.g., results of Covered 
Species surveys conducted by state resource agencies; research conducted by universities, 
conservation organizations, and governmental agencies; and publicly available Covered 
Species and mitigation monitoring data). This data will be collected on an ongoing basis 
over the term of the MWE as the data becomes available to the USFWS. 

• Annually evaluating MWE generated monitoring data and data gathered from other 
sources to determine trends in the status of Covered Species populations, including shifts 
in species distribution and threats to Covered Species populations (e.g., disease). 

• Making recommendations for improving the effectiveness of MWE implementation (e.g., 
approaches to mitigation or minimization) based on results of the periodic evaluations, 
and determining if changed circumstances exist as a result of climate change (see 
Section 8.4.3) or white-nose syndrome (see Section 8.4.4). Recommendations for 
improving MWE implementation will be made through the MWE comprehensive 
implementation review process described in Section 9.12. 

7.6 DATABASE DEVELOPMENT 
The USFWS, in cooperation with the AIE and individual Permittees, anticipate developing and 
maintaining one or more databases of all MWE reporting-related information. For certain types 
of information (e.g., reporting of Covered Species fatalities), the database may have web-based 
data entry formats for use by individual Permittees, COI-holders, and the MIE for reporting 
monitoring information. Information contained in the database will include, but not be limited to, 
the following information. 

• Confirmed fatalities of covered and other species detected during Intensive Monitoring 
and Roads and Pads Surveys (see Section 7.3.2.1).  

• Annual Compliance Reports submitted to the USFWS by the AIE and individual 
Permittees (see Section 9.10.1). 

• Individual ITP applications (see Section 9.4.1). 

• Records of the location, type, and acreage of each mitigation site, the amount of take 
mitigated by the site by wind energy facility, and the entity implementing the mitigation. 

• Records of take allocated in take authorizations by wind energy facility and the balance 
of unallocated take remaining under the MWE for new and existing wind energy 
facilities.  



Monitoring, Adaptive Management, and Reporting Chapter 7 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 7-32 
 

• Funding assurances provided for monitoring and mitigation relative to the total level of 
take authorized and the mitigation implementation schedule by wind energy facility (see 
Sections 8.2.2 and 8.2.3.5). 

• Mitigation Site Plans submitted by individual Permittees/COI-holders implementing 
mitigation (see Section 9.7.2.2). 

• Occurrences of noncompliance with the MWE, the Implementing Agreement, and take 
authorizations, and the disposition of noncompliance events.  

• MWE GIS data layers. 

The AIE will develop and maintain one or more databases of all reporting-related information 
submitted to the AIE by COI-holders. These databases must be accessible by the USFWS. 
Information contained in the database will include, but not be limited to, the following 
information. 

• COI requests, Participation Agreements, and COIs (see Section 9.4.2). 

• COI-holder Annual Compliance Reports (see Section 9.10.1). 

• AIE and MIE annual work plans and budgets (see Section 9.5). 

• Records of take allocated in take authorizations by wind energy facility and the balance 
of unallocated take remaining under the MWE for new and existing wind energy 
facilities. 
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CHAPTER 8. FUNDING ASSURANCES, UNFORESEEN AND 
CHANGED CIRCUMSTANCES, AND AMENDMENTS 

8.1 INTRODUCTION 
This chapter describes the Midwest Wind Energy Multi-Species Habitat Conservation Plan 
(MWE) funding assurances that must be provided by individual Permittees and the Master 
Permittee; unforeseen circumstances; changed circumstances, triggers, and planned responses; 
requirements for making changes to the MWE and take authorizations; and the processes for 
renewing, suspending, revoking, and surrendering take authorizations.  

8.2 FUNDING SOURCES AND ASSURANCES 
The Endangered Species Act (ESA) requires that habitat conservation plans (HCPs) specify “the 
funding that will be available to implement” actions that minimize and mitigate impacts of take 
on the Covered Species.1 This section describes the funding sources and assurances that must be 
provided to the U.S. Fish and Wildlife Service (USFWS) by the individual Permittees and the 
Master Permittee. Each individual Permittee must provide funding assurances to the USFWS that 
are sufficient to fund the costs of implementing the individual Permittee’s (1) onsite monitoring 
and adaptive management requirements (see Section 7.3) and (2) all mitigation-related 
requirements (e.g., monitoring, adaptive management, and responses to changed circumstances).  

As the Master Permittee, the Administrative Implementing Entity (AIE) must provide funding 
assurances to the USFWS that are sufficient to fund the costs of (1) establishing and operating 
the AIE; (2) implementing the onsite monitoring and adaptive management activities required of 
Certificate of Inclusion (COI)-holders (see Section 7.3); and (3) all the mitigation-related 
requirements of the COI-holders.  

8.2.1 Administrative Implementing Entity (Master Permittee) 

The responsibilities of the AIE are described in Section 9.2.2. This section describes the funding 
sources and assurances necessary for the AIE to discharge all of its responsibilities for each year 
of MWE implementation (i.e., “Implementation Years”). The AIE’s funding for processing COIs 
requests will be derived from “COI Request Fees”. All other ongoing costs will be funded 
through an initial “Implementation Assessment” paid by the Companies (see Table 1–1) that 
intend to request a COI under the Master Permit and “Permit Administration Fees” that will be 
paid to the AIE by COI-holders. These funding sources will be augmented by a “MWE 
Coordinator Fee” that will be paid to the AIE by individual Permittees in support of funding the 
MWE Coordinator position (see Section 9.2.1). Individual Permittees may also choose to 
contract with the AIE for specified support services on a pay as you go basis (e.g., coordination 
and tracking of mitigation that is pooled with COI-holder mitigation by the MIE). 
                                                 
1 United States Code §1539(a)(2)(A). 
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8.2.1.1 AIE Cost Estimates and Funding Sources 

This section describes the estimated costs for establishing and operating the AIE over the term of 
the MWE and the AIE’s funding sources and assurances. Table 8-1 presents the estimated annual 
and total AIE costs over the term of the MWE. As described in Section 9.5.2, the AIE will provide 
the USFWS with a description of its funding sources and a cost estimate for its first year of 
operation. Funding sources and cost estimates for Years 2–45 of MWE implementation, which 
may modify the estimates provided in the initial year cost estimate and the funding sources 
described below, must be submitted annually to the USFWS in accordance with the provisions of 
Section 9.5.2. The cost estimates described below and in Table 8-1 will be proportionately 
adjusted over the term of the Master Permit if the AIE is not established at the time the MWE 
becomes effective (see Section 1.5). The cost estimates are presented in 2015 dollars and will be 
adjusted over the term of the MWE to account for inflation and to account for actual costs 
through the processes described in Sections 8.2.1.2 and 9.5.2. 

8.2.1.1.1 Implementation Year 1 Cost Estimates 

The 12 wind energy companies participating in the development of the MWE (i.e., the 
Companies; see Table 1–1) estimate that the AIE start up and first year operating costs of the 
AIE will be approximately $400,000 in 2015 dollars. This cost estimate includes funding for the 
initial cost of entering into a Service Reimbursable Agreement with the USFWS that will fund the 
MWE Coordinator position (see Section 9.2.1). These first year AIE costs will be funded through 
an approximate $33,350 “Implementation Assessment” that would be paid by each of the 
Companies if all 12 of the Companies (Table 1–1) choose to request a COI under the Master 
Permit.  

8.2.1.1.2 Implementation Years 2–15 Cost Estimates 

Implementation Years 2–15 represent the balance of MWE implementation during which 
existing and new wind energy facilities may apply for and receive a COI (see Section 1.5). The 
Companies estimate that the annual operating costs for the AIE during the Year 2–15 enrollment 
period will average approximately $325,000 in 2015 dollars. This represents a reduction of 
$75,000 in the estimated first year AIE startup costs from Implementation Year 1.   
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Table 8-1. Estimated AIE Costs over the 45-Year Term of the MWE 
(in 2015 dollars1) 

MWE Implementation Years Total Annual AIE Costs2 
13 $400,000 
2–15 $325,000 
16–454 $225,000 
Total $11,700,000 

1 After Implementation Year 1, cost estimates and funding requirements will be adjusted as needed 
for inflation and to reflect actual costs as described in Sections 8.2.1.2 and 9.5.2.  
2 Includes AIE costs associated with the funding of a MWE Coordinator position under a Service 
Reimbursable Agreement with the USFWS. 
3 Implementation Year 1 costs are anticipated to be higher than in subsequent years due to 
increased work volume associated with the large number of existing wind energy facilities that are 
anticipated to enroll in the MWE during the first year of MWE implementation and costs associated 
with establishing the AIE. 
4 Costs in Year 16–45 are expected to be lower than in previous years because wind energy facilities 
will no longer be enrolling in the MWE. 

8.2.1.1.3 Implementation Years 16–45 Cost Estimates 

Beginning in Year 16, the MWE will be closed to requests by proposed wind energy facilities for 
a COI. The Companies estimate that the annual operating costs for the AIE during the Year 16–
45 period will average approximately $225,000 in 2015 dollars. These costs are estimated to 
annually average $100,000 less than the Implementation Years 2–15 costs because the AIE will 
not incur costs associated with reviewing and approving COI Requests, including the costs of 
this activity incurred by the MWE Coordinator.  

8.2.1.2 AIE Funding Structure 

8.2.1.2.1 COI Request Fees 

As described in Section 9.4.2, applicants for a COI are required to submit a onetime COI 
Request Fee with their COI request to the AIE. The initial COI Request Fee will be established at 
a cost point to cover the AIE’s costs for providing project proponents with guidance in 
preparation of COI Requests (see Section 9.4.2) and costs associated with conducting the AIE’s 
COI Request reviews, preparation of Participation Agreements, and issuance of COIs. COI 
Request Fees may be adjusted over the term of the 15-year MWE enrollment period to reflect 
actual AIE COI request processing costs and inflation as described in Section 8.2.1.2.4. 

8.2.1.2.2 Permit Administration Fees 

Each COI-holder will be assessed a Permit Administration Fee based on the megawatt (MW) 
production capacity of each existing or proposed wind energy facility. The AIE may grant COIs 
for up to 33,000 MW of new capacity (see Table 2–1). There are 18,004 MW of existing 
capacity in the Plan Area (see Section 2.2) for which issued COI could be granted. The number 
of existing wind energy facilities that can request a COI is not limited; however, the percentage 
of existing facilities that will request a COI during the 5-year enrollment period is unknown. For 
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purposes of illustrating the Permit Administration Fee structure, it is assumed that between 5 and 
75 percent of existing wind energy facilities will request and be granted a COI. The actual Permit 
Administrative Fee cost will be based on the actual level of participation by existing wind energy 
facilities. 

Table 8-2 presents per MW cost necessary to generate the $11,700,000 that would be necessary 
to fund the estimated cost of AIE operations over the 45-year term of the MWE. 

Table 8-2. Example Scenario Illustrating the Establishment of the 
COI-Holder Permit Administration Fees  

Assumption Unit 
Maximum MW of existing capacity at the end of 2015 for which a COI can be 
granted 18,004 MW 

Maximum MW expected to be developed during the 15-year MWE 
enrollment period (see Section 1.5) for which a COI can be granted 33,000 MW 

Estimated Range of MW for which a COI is granted to existing wind energy 
facilities (based on a 5-75 percent participation rate by existing facilities plus 
33,000 MW of new capacity) 

33,900 – 46,500 
MW 

Estimated Per MW Permit Administration Fee necessary to fund the AIE over 
the 45-year term of MWE (see Table 8–1) 

$345/MW - 
$252/MW  

MW=megawatt 

Table 8-3 presents a range of Permit Administration Fees that would result based on the assumed 
range of MWE enrollment for facilities of varying MW production capacity.  

Table 8-3. Example COI-Holder Permit Administration Fee Scenarios based on 
Wind Energy Facility Megawatt Production Capacity and Assumed 

Percentage of Enrollment 

Facility 
Megawatt 

Production 
Capacity 

Estimated COI-Holder Permit Administration Fee by Percentage 
of Participating 

Existing Wind Energy Facilities 
5 percent 
($345/MW) 

25 percent 
($312/MW) 

50 percent 
($279/MW) 

75 percent 
($252/MW) 

50 $17,250 $15,600 $13,950 $12,600 
100 $34,500 $31,200 $27,900 $25,200 
150 $51,750 $46,800 $41,850 $37,800 
200 $69,000 $62,400 $55,800 $50,400 

The initial Permit Administration Fee will be adjusted from the examples presented in Table 8-2 
and Table 8-3 to also cover the estimated $400,000 AIE startup costs incurred by the Companies 
(see Sections 8.2.1.1). It is also anticipated that COI-holders that did not participate in and 
contribute funding in support of developing the MWE may be charged a cost-recovery fee. 

Project proponents are required to pay 50 percent of their total Permit Administration Fee at the 
time of signing their Participation Agreement with the AIE (see Section 9.4.2). The remaining 
50 percent of the total Permit Administration Fee will be paid 15 years after issuance of the COI. 
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For example, a wind energy facility that obtains a COI in Implementation Year 1 would pay 50 
percent of the Permit Administration Fee at the time of signing the Participation Agreement and 
issuance of the COI and 50 percent in Implementation Year 16. Similarly, a wind energy facility 
that obtains a COI in Implementation Year 15 will pay 50 percent of the Permit Administration 
Fee at the time of signing the Participation Agreement and receiving its COI and 50 percent in 
Implementation Year 30. Permit Administration Fee payments for COI-holders that renew their 
COIs as described in Section 8.5, will be for the per MW Permit Administration Fee assessment 
for the term of their renewal. The Companies will pay a prorated initial Permit Administration 
Fee to recover AIE startup costs incurred by Companies.  

8.2.1.2.3 MWE Coordinator and Service Fees 

As described in Sections 8.2.1.1.1 and 9.2.1, the AIE will fund a USFWS MWE Coordinator 
position that includes USFWS coordination responsibilities for individual Permittees. Individual 
Permittees will pay the AIE a MWE Coordinator Fee based on the individual Permittee’s share 
of the AIE’s actual MWE Coordinator position costs.2 Individual Permittees may also chose to 
enter into a contract with the AIE for specified MWE support services that would be funded 
through a Service Fee. MWE Coordinator and Service Fees may be adjusted over the term of the 
MWE to reflect the actual MWE Coordinator position and support services costs over the term of 
the MWE as described in Section 8.2.1.2.6. 

8.2.1.2.4 Adjustment of COI Request Fees  

Over the course of the MWE 15-year enrollment period, the AIE reserves the right to adjust the 
COI Request Fee. During this period, the AIE, at its discretion, may escalate the COI Request 
Fee on January 1 of each year of the enrollment period to account for any inflation-related 
increase in the AIE’s COI Request processing costs. Any inflation-related escalation in the fee 
will be based on the Bureau of Labor Statistics Consumer Price Index—Midwest. At the end of 
Implementation Year 5 (the closure of the enrollment period for existing wind energy facilities), 
the AIE will review its actual COI Request preparation, review, and approval costs for the initial 
5 years of implementation. The AIE will, as indicated by results of the review, increase or 
decrease the COI Request Fee. From Implementation Years 6–15, no further increases in the COI 
Request Fee are anticipated other than those that may be necessary to address effects of inflation. 

8.2.1.2.5 Adjustment of Permit Administration Fees 

Over the course of the MWE, the AIE reserves the right to adjust the Permit Administration Fee. 
The AIE, at its discretion, may escalate the Permit Administration Fee on January 1 of each year 
of the enrollment period to account for any inflation-related increase in the AIE’s operating 
costs. Escalation of the Permit Administration Fee to address inflation will only apply to project 
proponents receiving a COI after each Permit Administration Fee adjustment comes into effect. 

                                                 
2 The MWE Coordinator Fee will not include any AIE overhead costs.  
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Any inflation-related escalation in the fee will be based on the Bureau of Labor Statistics 
Consumer Price Index—Midwest.  

The Companies that intend to request a COI under the Master Permit anticipate that the Permit 
Administration Fee established in Implementation Year 1 will be sufficient to fully fund 
operation of the AIE during the 15-year enrollment period (excepting Permit Administration Fee 
inflation-related adjustments). In the event, however, that the estimated AIE costs for the 
enrollment period have been substantially underestimated relative to the AIE’s actual operating 
expenses, the AIE retains the ability to make a one-time emergency adjustment to the Permit 
Administration Fee to prevent insolvency of and to ensure adequate funding for the AIE through 
Implementation Year 16.  

During Implementation Year 16 (i.e., following the closure of the enrollment period for proposed 
wind energy facilities), the AIE will review its actual operating expenses, including the cost of 
the Service Reimbursable Agreement with the USFWS, for the initial 15 years of 
implementation. The AIE will, as indicated by results of the review and the actual number of 
MW of production for which COIs have been issued, increase or decrease the Permit 
Administration Fee for each COI holder’s second Permit Administration Fee payment (see 
Section 8.2.1.2.2). Alternatively, any excess payment in first Permit Administrative Fee could be 
refunded to a COI-holder. From Implementation Years 16–45 no further increases in the Permit 
Administration Fee are anticipated other than those that are necessary to address effects of 
inflation. 

8.2.1.2.6 Adjustment of MWE Coordinator and Service Fees 

Over the course of the MWE, the AIE reserves the right to adjust the MWE Coordinator Fee and 
Service Fees. The AIE, at its discretion, may adjust the MWE Coordinator and/or Service Fees 
on January 1 of each year of MWE implementation. MWE Coordinator Fees will only be 
adjusted in an amount necessary to fund the actual costs of the USFWS MWE Coordinator 
position as identified by the USFWS.  

8.2.1.3 Funding Assurances 

At a minimum, funding assurances must be provided annually in the amount of funding 
necessary for implementing AIE operations as identified in the AIE Annual Work Plan and 
Budget for each Implementation Year (see Section 9.5.2). If funding assurances are provided for 
a period longer than the 1-year budget projection provided for in the Annual Work Plans and 
Budgets, then the funding assurances must be escalated for inflation based on the most current 
Bureau of Labor Statistics Consumer Price Index—Midwest. The AIE must provide funding 
assurances for all of its activities through one of the following mechanisms.  

• Proof that the necessary funds have been placed in an escrow account accessible to a 
USFWS-approved third party. The escrow account must be updated annually to ensure 
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sufficient funding has been assured for the following year’s estimated operating costs as 
identified in the applicable AIE Annual Work Plan and Budget (see Section 9.5.2). 

• Proof that the funding is provided for in a surety, letters of irrevocable credit, or 
equivalent instrument as approved by the USFWS and made payable to a USFWS-
approved third party. Sureties must be updated annually to ensure sufficient funding for 
the following year’s estimated operating costs as identified in the applicable AIE Annual 
Work Plan and Budget (see Section 9.5.2). Sureties and irrevocable, non-transferable 
standby letters of credit must be issued by (i) a United States (U.S.) commercial bank or 
(ii) a U.S. branch of a foreign commercial bank with sufficient assets in the U.S., as 
determined by the USFWS, with either such bank having a credit rating of at least A- 
from Standard and Poor’s (S&P) or A3 from Moody’s. These instruments must provide 
for automatic annual renewal over the term of the Master Permit.  

8.2.2 On-Site Avoidance and Minimization Measures, Operations 
and Adaptive Management Monitoring and Costs, and Funding 
Assurances 

Implementation of the avoidance and minimization measures (AMMs) related to the siting and 
construction of wind turbines and associated facilities and appurtenances must be funded as part 
of each wind energy facility’s design and construction costs.  

On-site operations monitoring and onsite monitoring associated with the implementation of an 
adaptive management action (see Section 7.3) or the triggering of a changed circumstance (see 
Section 8.4) is the responsibility of each individual Permittee/COI-holder. Individual Permittees 
are responsible for providing funding assurances for these activities to the USFWS. The AIE, as 
the Master Permittee, is responsible for ensuring that each COI-holder has the requisite funding 
to implement their onsite monitoring requirements. 

8.2.2.1 Individual Permittees 

Individual Permittees must provide funding assurances to the USFWS for the cost of 
implementing on-site monitoring requirements, including those associated with adaptive 
management actions and responses to changed circumstances. The funding assurances for 
monitoring must be provided 1 year in advance of the initiation of each monitoring year on 
January 1 over the term of each individual ITP. The projected costs of monitoring for the first 
year of facility operation will be estimated based on actual costs of similar monitoring conducted 
in previous years for existing wind energy facilities scaled to the size of the individual 
Permittee’s wind energy facility or based on cost estimates developed and obtained by a 
qualified independent consultant. Monitoring cost estimates for subsequent operating years must 
be projected based on actual facility monitoring costs from previous operating years at the same 
facility. Each individual Permittee must provide funding assurances to the USFWS through one 
of the following mechanisms. 



Funding Assurances, Unforeseen and Changed  Chapter 8 
Circumstances, and Amendments 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 8-8 

• Proof that funding is ear-marked in the capital and annual operating budgets via a letter 
of certification to the USFWS from a responsible officer of the Company. Estimated 
annual monitoring amounts will be included in the financial projections used to close 
debt financing for the wind energy facility, and the wind energy facility loan documents 
must clearly state that actual ongoing MWE operations monitoring costs will be included 
in operation costs that are to be paid out of wind generation revenues prior to debt service 
payments to the lenders. 

• Proof that the necessary funds have been placed in an escrow account accessible to a 
USFWS-approved third party. The escrow account must be updated annually to ensure 
sufficient funding has been assured for the following year’s estimated monitoring costs. 

• Proof that the funding is provided for in a surety, letters of irrevocable credit, or 
equivalent instrument as approved by the USFWS and made payable to a USFWS-
approved third party as described for the AIE funding assurances in Section 8.2.1.3. 
Sureties must be updated annually to include funds required for the upcoming year’s 
monitoring costs. These instruments must provide for automatic annual renewal over the 
term of each individual Permittee’s ITP. 

8.2.2.2 COI-Holders 

The AIE is responsible for ensuring that each COI-holder provides the funding assurances 
necessary to implement the COI-holders’ on-site monitoring and adaptive management 
requirements. The AIE must enforce compliance with COI-holder requirements for providing 
adequate funding assurances as described in Sections 8.7 and 9.11. The process for developing 
annual monitoring cost estimates are the same as those described for the individual Permittee’s in 
Section 8.2.2.1. Funding assurances must be provided annually to the AIE before January 1 and 
through the same mechanisms available to individual Permittees as described in Section 8.2.2.1, 
except that the financial guarantee(s) will also be made payable to the AIE (e.g., escrow 
accounts, sureties). COI-holder funding assurances provided to the AIE must be documented in 
the AIE’s Annual Compliance Reports to the USFWS (see Section 9.10.1). 

8.2.3 Mitigation Program 

As described in Section 9.7, off-site mitigation for the impact of take and indirect impacts on 
Covered Species must be implemented by either individual Permittees/COI-holders or by the 
MIE with payment of mitigation fees by individual Permittees/COI-holders.  

8.2.3.1 Habitat Mitigation Implemented by Individual Permittees and COI-Holders 

The mitigation costs for which funding assurances will be provided for each incremental 
mitigation period (or funding assurances for mitigation of take estimated over the term of the 
take authorization) must include funding for each of the cost categories described below. Habitat 
mitigation cost estimates must be developed by a qualified independent consultant based on the 
best available information, including costs incurred for similar implemented mitigation. 



Funding Assurances, Unforeseen and Changed  Chapter 8 
Circumstances, and Amendments 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 8-9 

Mitigation cost estimates must include documentation of the information used to develop the 
estimated costs for each cost category. Mitigation funding assurances provided by individual 
Permittees/COI-holders to the USFWS or the AIE, respectively, must be sufficient to cover the 
estimated mitigation costs in accordance with the mitigation funding assurances schedule in 
Section 8.2.3.5.3. Estimated costs in these cost categories must include annual escalation for 
inflation based on the Bureau of Labor Statistics Consumer Price Index—Midwest (includes the 
entire Plan Area) and a standard real estate cost index. The costs for each mitigation site must 
include all costs through the remaining term of the take authorization.  

• Mitigation Administration and Management. Funded elements of this cost category 
include costs associated with, but not limited to, the following: 

o Mitigation planning and approvals (see Section 9.7);  
o Calculation of mitigation costs for each mitigation funding period; 
o Contractor oversight costs; 
o Enforcement of conservation easements placed on mitigation sites; 
o Preparation of mitigation elements of Annual Compliance Reports (see Section 9.10.1); 
o Coordination as needed with the AIE (for COI-holders only), USFWS, local land use 

jurisdictions, and neighboring land owners;3  
o Land transfer costs to third parties as approved by the USFWS; 
o Mitigation site transfer costs (see Section 9.7.3); and  
o Mitigation program overhead costs (e.g., staff salaries, benefits, vehicles, office space 

and supplies, and travel). 
• Mitigation Site Acquisition. Funded elements of this cost category include costs 

associated with, but not limited to, the following: 

o Identification of potential mitigation sites; 
o Mitigation site suitability surveys; 
o Land surveys, title searches, appraisals, and all other associated legal and real estate 

transaction costs; and 
o Land acquisition, conservation easement, and mitigation credit purchase costs. 

• Monitoring and Adaptive Management. This cost category includes all costs 
associated with implementation of the monitoring and adaptive management 
requirements described in Section 7.4, including, but not limited to, the following: 

o Monitoring program design and planning costs, including consultant costs; 
o Mitigation site baseline survey costs (see Section 5.2.3.3); 
o Conducting compliance and effectiveness monitoring surveys, including consultant 

costs; 

                                                 
3 The USFWS is responsible for coordinating MWE mitigation activities with state wildlife agencies. 
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o Conducting monitoring surveys triggered by adaptive management actions, including 
consultant costs; 

o Monitoring data management and analysis; 
o Monitoring-related equipment costs, including maintenance and replacement costs; 

and 
o Reporting. 

• Habitat Restoration. Funded elements of this cost category include costs associated 
with, but not limited to, the following: 

o Development and implementation of habitat restoration plans, including consultant 
costs; 

o Mitigation activity implementation costs, including consultant costs; 
o Costs of restoration materials (e.g., planting material, irrigation system, cave gate 

structures); and 
o If applicable, materials replacement costs. 

Specific materials, equipment, and materials replacement costs are dependent on the type 
of mitigation activities implemented. 

• Regulatory Compliance. Funded elements of this cost category include costs associated 
with, but not limited to, compliance with any federal, state, and local laws and regulations 
(e.g., Section 404 of the Clean Water Act) that are necessary to implement habitat 
restoration, enhancement, and management actions. 

• Mitigation Site Management. Funded elements of this cost category include costs 
associated with, but not limited to, maintenance and improvements to site infrastructure 
(e.g., fences, roads), control of invasive plant species, and fire risk management. 

• Changed Circumstance Actions. Funded elements of this cost category include costs 
associated with the identification and implementation of activities necessary to 
implement corrective actions in the event of an applicable changed circumstance (see 
Section 8.4.2). For covered bat species summer and spring staging/fall swarming habitat 
mitigation sites, the initial costs for changed circumstances must be the cost of restoring 
the full acreage of mitigation one time, not including mitigation site acquisition costs, and 
the costs of monitoring required for replacing the mitigation that are in addition to 
monitoring costs provided for the original mitigation acreage. For little brown bat 
artificial roost mitigation sites, the initial changed circumstances costs must be the full 
cost for constructing a replacement artificial roost structure that supports little brown bat 
habitat functions that are comparable to the original structure. For covered bat species 
cave hibernaculum mitigation sites, the initial changed circumstances costs must be the 
full cost of the original hibernaculum mitigation site acquisition and any other attendant 
costs (e.g., gating of cave entrances). If all or a portion of the changed circumstances 
action funding for a mitigation site is expended, the fund must be replenished by the 
individual Permittee/COI-holder up to the original funded amount within 6 months.  
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• Contingency Fund. This cost category provides funds that must be available to address 
any actual costs that may be in excess of the estimated costs of implementing mitigation 
and must be comprised of five percent of the total mitigation cost estimate. Mitigation 
costs for each incremental mitigation period (or in total if funding assurances are being 
provided for the duration of the take authorization) will be estimated by individual 
Permittees/COI-holders following the USFWS’s approval of each Mitigation Site Plan 
(see Section 9.7.2).  

8.2.3.2 Habitat Mitigation Implemented by the Mitigation Implementing Entity 

As described in Section 9.7, individual Permittees/COI-holders can choose to implement their 
mitigation requirements through payment of mitigation fees to the MIE. If an MIE is not 
established at the time that an individual Permittee/COI-holder must provide funding assurances, 
the individual Permittee/COI-holder is responsible for implementing their own mitigation and 
providing funding assurances as described in Sections 9.7.2.2 and 8.2.3.5.3, respectively. The 
funding assurances must be based on the mitigation fee estimate provided to the individual 
Permittee/COI-holder by the MIE as described in the following section. Mitigation fees that are 
collected by the MIE must be held in one or more segregated escrow accounts that can be 
accessed by a USFWS-approved third party. 

8.2.3.2.1 Establishment of Mitigation Fees 

The MIE will develop mitigation fee schedules for use in estimating mitigation fees for each 
COI-holder. Different mitigation fee schedules may be developed to reflect differences in 
mitigation costs among sub-regions of the Plan Area and the type of mitigation (e.g., protection 
of habitat versus restoration of habitat). The MIE mitigation fee schedules will be based on the 
MIE’s estimated costs for each of the mitigation categories described in Section 8.2.3.1 for 
individual Permittees/COI-holders that are implementing mitigation. The initial mitigation fee 
schedules are anticipated to be prepared by the MIE within 1 year following the effective date of 
the MIE’s contract with the AIE. Mitigation fee schedules for COI-holders may be adjusted by 
the MIE with the concurrence of the AIE over the term of the MWE as described in Section 
8.2.3.2.2. Individual Permittees will contract implementation of their mitigation requirements 
directly with the MIE and, as such, may choose to pay the MIE’s mitigation fee in effect at the 
time of contracting or may negotiate an alternate cost with the MIE. Initial COI-holder 
mitigation fee schedules will be adopted following review and approval by the AIE. It is 
anticipated that mitigation and associated costs (e.g., monitoring, land management, changed 
circumstances) will be converted to a per covered bat species take replacement fee for each type 
of mitigation that will be charged to COI-holders based on amount of take for which mitigation 
is requested.  

8.2.3.2.2 Mitigation Fee Adjustment Process 

The dynamic nature of the costs associated with implementation of regional HCPs over long time 
frames (including land acquisition, habitat restoration, management, monitoring, and 



Funding Assurances, Unforeseen and Changed  Chapter 8 
Circumstances, and Amendments 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 8-12 

administration costs) requires a flexible approach to funding and mitigation fee adjustment 
through time. To avoid mitigation fees becoming outdated, it is necessary to have a process of 
regular fee adjustment.  

To account for the potential effects of inflation on mitigation costs, every 2 years following the 
effective date of the MIE’s contract with the AIE, the MIE may escalate this portion of the COI-
holder mitigation fee costs, with concurrence of the AIE. Approved inflation-related escalation 
of mitigation fees must be based on the most current Bureau of Labor Statistics Consumer Price 
Index—Midwest and a standard real estate cost index and will become effective on July 1 and 
following approval by the AIE.  

A detailed review of actual implementation costs will be scheduled to be conducted in Years 3 
and 6 following the effective date of the MIE’s contract with the AIE and every 4 years 
thereafter by the MIE over the term of the MWE (this timing may be adjusted by the MIE with 
concurrence of the AIE). Mitigation fee adjustments must be proposed to the AIE by the MIE 
based on this cost review. The cost/fee review process will include a review of the cost estimates 
that underpin the most recent fee schedule.  

To conduct detailed cost/fee reviews, the MIE must review its actual cost experience as well as 
other indicators of cost changes. This review must include the assembly and analysis of data 
associated with actual land transactions after the selection of the MIE as well as the actual costs 
of habitat restoration, management, and maintenance; monitoring; and administration. Actual 
MIE cost experience may be supplemented with other relevant cost information (e.g., other land 
transaction data). Once the revised cost estimates are completed, the mitigation fees will be 
recalculated to determine the fee level necessary to cover mitigation costs and ensure that 
sufficient funding is available to meet the MIE’s mitigation obligations. These mitigation fee 
estimates will then be compared with the current fee level to determine what fee adjustments are 
required. The AIE must approve proposed fee adjustments before they can become effective. 

The MIE will initiate the technical cost/fee review on January 1 of each review year with 
completion of the proposed revised fee schedule expected by April 1. With the concurrence of 
the AIE, the revised fee schedule will become effective by July 1 of the same year. Revised fees 
will not be applied to mitigation for which fees have already been paid. 

The MIE, with the concurrence of the AIE, may adjust the schedule for detailed reviews if 
deemed necessary to better track changing costs. Changes in the review schedule may be needed 
in periods of significant cost change; for example, when land values are rapidly increasing or 
decreasing, mitigation fee levels may quickly become outdated. 

8.2.3.3 Mitigation Implemented by Individual Permittees and COI-Holders to 
Reduce Bald Eagle Mortalities 

As described in Section 5.8.3, individual Permittees/COI-holders must mitigate for take of bald 
eagles by implementing actions to reduce bald eagle mortalities attributable to power line 
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electrocutions. The mitigation costs for which funding assurances will be provided for each 
incremental mitigation period (or funding assurances for mitigation of take estimated over the 
term of the take authorization) must include funding for each mitigation component described 
below. The mitigation cost estimates are required to be developed by a qualified independent 
consultant based on the best available information, including costs incurred for similar 
implemented mitigation. Mitigation cost estimates must include documentation of the 
information used to develop the estimated costs for each mitigation component. The estimated 
costs must include annual escalation for inflation based on the Bureau of Labor Statistics 
Consumer Price Index—Midwest (includes the entire Plan Area) and costs for each mitigation 
effort are required to include all costs through the remaining term of the take authorization.  

The costs to retrofit or replace power poles to reduce the risk of bald eagle electrocution must 
include, but not be limited to, the following required components: 

• Design of mitigation power poles;  

• Retrofitting of existing or replacement of mitigation power poles; 

• Maintenance of mitigation power poles; 

• Calculation of mitigation costs for each mitigation funding period; 

• Contractor oversight; 

• Preparation and enforcement of agreements with power companies and any other third 
parties; 

• Preparation of mitigation elements of Annual Compliance Reports (see Section 9.10.1); 

• Coordination as needed with the USFWS or the AIE as applicable to the take 
authorization; and 

• Administrative overhead costs, including legal advice. 

8.2.3.4 Mitigation Provided through Funding Provided to USFWS-Approved 
Conservation Programs 

As described in Sections 5.6.3 and 5.7.3, individual Permittees/COI-holders, must mitigate for 
take of interior least tern and piping plover by providing funds to an established conservation 
program approved by the USFWS to implement habitat restoration under contractual agreement. 
All mitigation sites implemented and maintained by conservation programs must be protected 
through one of the mechanisms described in 9.7.2.3. As described in Section 5.5.3, individual 
Permittees/COI-holders must mitigate for take of Kirtland’s warbler through providing funds to 
an established conservation program approved by the USFWS to implement habitat restoration 
and/or brown-headed cowbird control under contractual agreement. The mitigation costs for 
which funding assurances will be provided for each incremental mitigation period (or funding 
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assurances for mitigation of take estimated over the term of the take authorization) must include 
funding for each of the components of the mitigation approaches described below.  

To implement habitat mitigation, the individual Permittee/COI-holder must secure a cost 
estimate from the selected conservation program(s) for each of the following mitigation 
components. The estimated costs must include annual escalation for inflation based on the 
Bureau of Labor Statistics Consumer Price Index—Midwest (includes the entire Plan Area) and 
a standard real estate cost index. Costs for each mitigation effort must include all costs through 
the remaining term of the take authorization.  

• Mitigation Administration and Management 

• Mitigation Site Acquisition 

• Monitoring and Adaptive Management 

• Habitat Restoration and Enhancement 

• Regulatory Compliance 

• Mitigation Site Management 

In addition, the cost estimate must provide sufficient funding to maintain habitat conditions and 
restore mitigation sites in the event of a loss of restored habitat over the term of the take 
authorization (e.g., loss of interior least tern nesting habitat to flooding, reduction in Kirtland’s 
warbler habitat area as a result of vegetation succession).  

Cost estimates for brown-headed cowbird control will be provided to the individual 
Permittees/COI-holders are required to include costs for administration and management, the 
cost of cowbird control equipment and activities, and monitoring. 

8.2.3.5 Mitigation Funding Assurances and Schedule 

Funding assurances for the implementation of all mitigation-related requirements must be 
provided to the USFWS in accordance with the provisions of this section.  

8.2.3.5.1 Funding Assurances: Individual Permittees 

Individual Permittees must provide funding assurances necessary to implement the individual 
Permittee’s mitigation-related requirements. Funding assurances for mitigation that will be 
directly implemented by individual Permittees must be based on the cost estimates that are 
developed by the individual Permittee as described in Section 8.2.3. Funding assurances for 
mitigation that is directly implemented by an individual Permittee must be provided to the 
USFWS through one of the following mechanisms. 

• Proof that the necessary funds have been placed in an escrow account accessible to a 
USFWS-approved third party in accordance with the mitigation funding assurances 
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schedule described in Section 8.2.3.5.3. The escrow account must be updated annually, if 
necessary, to ensure that any escalation in estimated mitigation costs for which funding 
was originally assured are provided for. 

• Proof in accordance with the mitigation funding assurances schedule described in Section 
8.2.3.5.3 that the funding is provided for in a surety, letters of irrevocable credit, or 
equivalent instrument as approved by the USFWS and made payable to a USFWS-
approved third party. Sureties must be updated annually, if necessary, to ensure that any 
escalation in estimated mitigation costs for which funding was originally assured are 
provided for. Sureties and irrevocable, non-transferable standby letters of credit must be 
issued by (i) a U.S. commercial bank or (ii) a U.S. branch of a foreign commercial bank 
with sufficient assets in the U.S., as determined by the USFWS, with either such bank 
having a credit rating of at least A- from S&P or A3 from Moody’s. These instruments 
must provide for automatic annual renewal over the term of each individual Permittee’s 
ITP. 

Funding assurances for mitigation implemented by the MIE on behalf of an individual Permittee 
must be provided in the form of a letter from the MIE to the USFWS certifying that the MIE has 
received sufficient funds from the individual Permittee to implement a specified amount of 
Covered Species mitigation. Funding assurances for mitigation that is implemented by a 
USFWS-approved conservation program must be provided through a letter from a responsible 
officer of the conservation program to the USFWS certifying that the conservation program has 
received sufficient funds from the individual Permittee to implement a specified amount of 
Covered Species mitigation. Funding assurances for mitigation that is purchased from a 
mitigation/conservation bank or in-lieu fee program must be provided through a letter from a 
responsible officer of the entity to the USFWS certifying that the bank has received sufficient 
funds from the individual Permittee to purchase a specified amount of Covered Species 
mitigation credit. 

8.2.3.5.2 Funding Assurances: COI-Holders 

The AIE, as the Master Permittee, is responsible for ensuring that each COI-holder provides the 
funding assurances necessary to implement the COI-holders mitigation-related requirements. The 
AIE must enforce compliance with COI-holder funding assurance requirements as described in 
Sections 8.7 and 9.11. Funding assurances for the cost of mitigation that will be directly 
implemented by COI-holders must be based on the COI-holder mitigation cost estimates that are 
developed as described in Section 8.2.3. Funding assurances for mitigation directly implemented 
by COI-holders must be provided to the AIE through the same mechanisms as described in 
Section 8.2.3.5.1 for individual Permittee funding assurances, except that the financial 
guarantee(s) will also be made payable to the AIE (e.g., escrow accounts, sureties). 

Funding assurances for mitigation implemented by the MIE or a USFWS-approved conservation 
program on behalf of a COI-holder, or for the purchase of mitigations credits from a 
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mitigation/conservation bank or in-lieu fee program will be provided as described for individual 
Permittees in Section 8.2.3.5.1, except that the certification letters will be sent to the AIE.  

COI-holder funding assurances provided to the AIE must be documented in the AIE’s Annual 
Compliance Reports to the USFWS (see Section 9.10.1). 

8.2.3.5.3 Mitigation Funding Assurances Schedule 

Mitigation funding assurances must incorporate inflation-related escalation in mitigation costs 
for the time period over which the assured mitigation will be implemented. The escalation must 
be based on the Bureau of Labor Statistics Consumer Price Index—Midwest and a standard real 
estate cost index, or other method as approved by the USFWS. Individual Permittees must 
annually evaluate their mitigation funding assurances by January 1 of each year to determine if 
the assurances must be augmented to account for the effects of inflation or any escalation in 
mitigation cost estimates. The AIE, in coordination with COI-holders, must annually evaluate the 
mitigation funding assurances provided to the AIE by COI-holders as described above for 
individual Permittees. Any necessary augmentation of mitigation funding assurances that is 
indicated based on annual funding assurance evaluations must be completed with 60 days of 
detection. Results of funding assurance monitoring must be reported by individual Permittees 
and the AIE in their Annual Compliance Reports (see Section 9.10.1).  

Mitigation funding assurances must be provided to the USFWS or the AIE, as applicable to the 
take authorization, in advance of the take for which mitigation must be provided. With the 
following exceptions, mitigation funding assurances may be provided at any time in advance of 
when mitigation is required to be implemented in accordance with the mitigation timing schedule 
in Section 9.7.1. 

• Mitigation funding assurances for take of interior least tern and piping plover must be 
provided for new wind energy facilities before the commencement of wind turbine 
operations and for existing wind energy facilities before or at the time the individual ITP 
is issued or the COI is granted. 

• Mitigation funding assurances for take of the covered bat species, Kirtland’s warbler, and 
bald eagle must be provided for the first 5 years of new wind energy facility construction 
and operations before the implementation of ground disturbing activities or 
commencement of wind turbine operations if the facility site is not located in occupied 
Covered Species habitat.  

• Existing wind energy facilities must provide covered bat species, Kirtland’s warbler, and 
bald eagle mitigation funding assurances for the first 5 years of operations before or at 
the time the individual ITP is issued or the COI is granted.  

For individual Permittees/COI-holders that are incrementally implementing mitigation (see 
Section 9.7.1.1.1), at the end of the Year 25 of the take authorization (or 5 years before the 
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expiration of the take authorization) an evaluation must be conducted to determine if sufficient 
mitigation has been completed through Implementation Year 25 (or 5 years before the expiration 
of the take authorization) to mitigate for the total amount of estimated take of the covered bat 
species through Year 30 (or the expiration date of the take authorization). If the evaluation 
indicates that there will be a deficit of mitigation relative to the total amount of estimated take 
through Year 30 (or the expiration date of the take authorization), any additional mitigation 
funding assurances to address the deficit must be provided within 60 days of completing the 
evaluation. As described in Section 9.7.1.1.1, if there is not a mitigation deficit at the conclusion 
of the final year of a facility’s monitoring, the individual Permittee’s/COI-holder will be released 
from its financial assurance commitments. This process will ensure that mitigation is staying 
ahead of the take and will provide a buffer for the final 5 year increment when actual take 
numbers will not be known until after the take authorization has expired. 

8.3 UNFORESEEN CIRCUMSTANCES 
The USFWS defines unforeseen circumstances as those “changes in circumstances affecting a 
species or geographic area covered by a conservation plan or agreement that could not 
reasonably have been anticipated by the plan or agreement developers and the Service at the time 
of the conservation plan’s or agreement’s negotiation and development and that may result in a 
substantial and adverse change in the status of a Covered Species.”4 Under ESA regulations, if 
unforeseen circumstances arise during the term of the MWE, the USFWS will “not require the 
commitment of additional land, water, or financial compensation, or additional restrictions on the 
use of land, water, or other natural resources beyond the level otherwise agreed upon for the 
species covered by the conservation plan” unless the MWE Permittees consent.5 The conditions 
that define unforeseen circumstances related to events that create a changed circumstance are 
described in Section 8.4. 

Within these constraints, the USFWS may require additional measures under the following 
conditions.  

If additional conservation and mitigation measures are deemed necessary to respond to 
unforeseen circumstances, the Director may require additional measures of the permittee 
where the conservation plan is being properly implemented, but only if such measures are 
limited to modifications within conserved habitat areas, if any, or to the conservation plan’s 
operating conservation program for the affected species, and maintain the original terms of 
the conservation plan to the maximum extent possible. Additional conservation and 
mitigation measures will not involve the commitment of additional land, water, or financial 
compensation or additional restrictions on the use of land, water, or other natural resources 

                                                 
4 50 Code of Federal Regulations (CFR) §17.3. 
5 50 CFR §17.22(b)(1)(5)(iii). 
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otherwise available for development or use under the original terms of the conservation plan 
without the consent of the permittee.6 

These assurances, however, do not constrain the USFWS; any federal, state, local, or tribal 
government agency; or a private entity from taking additional actions at its own expense, to 
protect or conserve a species covered under the MWE.7  

8.4 CHANGED CIRCUMSTANCES 
USFWS regulations define changed circumstances “as changes in circumstances affecting a 
species or geographic area covered by a conservation plan or agreement that can reasonably be 
anticipated by plan or agreement developers and the Service and that can be planned for...”.8 To 
ensure successful implementation of the Conservation Plan, the MWE identifies measures that 
are designed to respond to these anticipated changed circumstances.  

Ecological conditions in the Plan Area may change as a result of future events and circumstances 
that may occur over the term of MWE implementation. This section identifies changes in 
circumstances that are reasonably foreseeable and that could adversely affect MWE Covered 
Species and protected habitats, consistent with the “changed circumstances” provisions of ESA 
regulations. The changed circumstances provisions of the MWE are intended to address 
reasonably foreseeable events, inside and outside of the Plan Area, that may impede or prevent 
the MWE from achieving its biological goals and objectives within the Plan Area. The MWE 
identifies a range of potential changed circumstances, including events or conditions that may 
cause population-level declines in Covered Species, such as new invasive species (e.g., the 
spread and establishment of white-nose syndrome [WNS] in the Plan Area), or that may 
substantially degrade habitat functions, such as flooding, fire, and climate change. Future 
changes in circumstances, should they occur, that are not identified in this section as changed 
circumstances will be deemed to be unforeseen circumstances.  

To address the potential for mitigation-related changed circumstances, the MWE identifies 
specific funding commitments for planned responses (see Section 8.2.3). In the event that 
changed circumstances occur, the individual Permittees, the AIE, COI-holder, and the MIE, as 
applicable, must implement the planned responses identified in this section.  

The following sections describe the process for identifying the occurrence of changed 
circumstances, the changed circumstances that will be addressed by the MWE, and the planned 
responses that would be implemented to address such occurrences.  

                                                 
6 50 CFR §17.22(b)(5)(iii)(B). 
7 50 CFR §17.22(b)(6). 
8 50 CFR §17.3. 
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8.4.1 New ESA Species Listing and Delisting 

8.4.1.1 Listing of a New Species 

Nature of the Changed Circumstance 

Over the term of the MWE, new species that are not covered and could be affected by Covered 
Activities could become listed as threatened or endangered under the ESA. In the event that the 
USFWS lists a species not covered by the MWE, the provisions of this changed circumstance 
will be automatically triggered. 

Planned Response 

In the event that a species becomes listed under the ESA that is not covered under the MWE and 
may be affected by Covered Activities, the USFWS will confer with individual Permittees and 
the AIE on behalf of COI-holders to determine if their wind energy facilities are at risk for take 
of the newly listed species. The USFWS will coordinate with the affected individual Permittees 
and the AIE to identify measures that must be implemented to avoid take of, jeopardy to, or 
adverse modification of the critical habitat of the newly listed species as a result of implementing 
the Covered Activities. These measures must be implemented within 3 months of the species 
listing until such time as the affected individual Permittee/COI-holder has applied for and 
received a separate ITP authorizing take of the newly listed species.  

8.4.1.2 Delisting of a Listed Covered Species 

Nature of the Changed Circumstance 

Over the term of the MWE, one or more of the listed Covered Species could become delisted 
under the ESA. In the event that USFWS delists a listed Covered Species, the provisions of this 
changed circumstance will be triggered. 

Planned Response 

If a listed Covered Species becomes delisted over the term of the MWE, the individual 
Permittees and AIE, in coordination with the USFWS, will evaluate and identify the applicable 
elements of the MWE that are not necessary to preclude a potential relisting of the species. With 
concurrence of the USFWS, any elements of the MWE that are not deemed to be necessary to 
maintain the species delisting will no longer be required to be implemented. Elements that are 
deemed necessary by the USFWS to maintain the delisting status will continue to be 
implemented. All mitigation for take incurred up until the time of the delisting must be 
implemented in accordance with the terms of the MWE. All mitigation that has been 
implemented prior to delisting will be required to be maintained as provided for in the MWE. 
Mitigation, monitoring, changed circumstance, and adaptive management funding assurances 
provided by individual Permittees and affected COI-holders in advance of any taking of the 
Covered Species following its delisting will be de-obligated.  
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8.4.2 Mitigation Site-Related Changed Circumstances 

The mitigation site-related circumstances in this section apply to mitigation sites that are under 
the direct management responsibility of the MIE or an individual Permittee/COI-holder. These 
changed circumstances do not directly apply to habitat mitigation that is implemented for the 
Kirtland’s warbler, interior least tern, and piping plover by USFWS-approved conservation 
organizations on behalf of an individual Permittee/COI-holder.9 Conservation organizations 
implementing habitat mitigation for the Kirtland’s warbler, interior least tern, and piping plover 
habitats are required to replace such mitigation if lost or degraded from the environmental events 
that constitute the MWE mitigation-related changed circumstances under the MWE. Funds to 
restore mitigation habitats provided by these conservation programs are included in the funding 
provided by individual Permittees/COI-holders to these organizations (see Section 8.2.3.4). 

The potential occurrence of a mitigation-related changed circumstance will be detected through 
annual mitigation site inspections to be conducted as described in Section 7.4.1.4. Apart from 
detection of changed circumstances through purpose-specific site visits, the potential occurrence 
of a mitigation-related changed circumstance in mitigation sites may also become apparent to the 
Responsible Mitigation Entity (i.e., the MIE or individual Permittees/COI-holders that are 
directly implementing habitat mitigation) through information gained from monitoring of 
mitigation sites, implementing site management activities, scientific study, or by notification 
received from another party (e.g., a reported wildfire on MWE mitigation lands). The 
Responsible Mitigation Entity for a mitigation site must, within 5 business days of determining 
that a mitigation-related changed circumstance has been triggered at the site, notify the USFWS. 
The Responsible Mitigation Entity must also concurrently report to the AIE the triggering of a 
changed circumstance on sites that provide mitigation for a COI-holder. 

Following notification to the USFWS that a changed circumstance has been triggered at a 
mitigation site, the Responsible Mitigation Entity must either implement the changed 
circumstance planned responses as described in Sections 8.4.2.1-8.4.2.5 or conduct an “Event 
Evaluation” if the Responsible Mitigation Entity expects that the implementation of a planned 
response is not necessary to maintain the mitigation site’s function as habitat for Covered 
Species. Event Evaluations must be conducted to determine if the triggering of the changed 
circumstance has resulted in a “Material Adverse Change” in mitigation site habitat function. 
Material Adverse change is defined as a change in a Covered Species mitigation habitat that, 
based on the best available information, is reasonably expected to adversely affect its ability to 
provide the intended level of mitigation for a period of at least 1 year in the absence of 
implementing a planned response (e.g., implementation of habitat restoration actions).  

Factors that must be evaluated in determining whether a Material Adverse Change in mitigation 
site function has been incurred must include, but are not limited to (1) the extent of habitat area 
affected relative to the total habitat area within the mitigation site, (2) the loss of habitat function 

                                                 
9 See Sections 5.5.3, 5.6.3, and 5.7.3. 
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for the Covered Species such that the estimated potential level of Covered Species use sustained 
by the affected mitigation site would be expected to decline, and (3) whether implementation of a 
planned response is likely to restore the habitat functions of the mitigation site more rapidly than 
if a planned response was not implemented. Event Evaluations prepared by the Responsible 
Mitigation Entities must be completed and submitted to the USFWS within 90 days of the 
detection of a changed circumstance. Event Evaluations prepared by COI-holders and the MIE 
for COI-holder mitigation sites must also be provided to the AIE. The Responsible Mitigation 
Entity may request an extension to complete the Event Evaluation from the USFWS if warranted 
by the nature of the Event (e.g., access to a mitigation site is delayed as a result of flood 
damage). Following receipt and review of an Event Evaluation, the USFWS will confer with the 
Responsible Mitigation Entity and the AIE for COI-holder mitigation sites and the USFWS will 
make a final determination as to whether a planned response must be implemented to address the 
changed circumstance. If a planned response is required, the funds necessary to implement the 
actions will be released from the changed circumstances funds available to the Responsible 
Mitigation Entity (see Section 8.2.3.1 and 8.2.3.2).  

If the USFWS requires a planned response, the Responsible Mitigation Entity will determine the 
appropriate actions to be implemented consistent with the planned responses associated with 
each mitigation-related changed circumstance (described in the following subsections) and are 
required to develop a schedule for implementation. Proposed deviations from the planned 
responses to changed circumstances are permissible only with the concurrence of the USFWS. 
After implementing a planned response, the Responsible Mitigation Entity must monitor the 
effectiveness of the response in addressing the changed circumstance. The occurrence of a 
changed circumstance, the description of actions implemented to address a changed 
circumstance, and the results of monitoring must be reported in Annual Compliance Reports as 
described in Section 9.10.1. 

8.4.2.1 Wildfire 

Nature of the Changed Circumstance 

Wildfires occur with varying frequency and magnitude throughout the Plan Area.10 Wildfire in 
the context of the MWE includes any destructive fire, regardless of origin (e.g., lightning strikes, 
controlled burns), that occurs within a mitigation site. The variance in frequency and magnitude 
of wildfire can be attributed to the range in local climate conditions, fire history, land 
management and fire suppression practices, vegetation, and other conditions in the Plan Area. 
Wildfire in forest and riparian mitigation sites has the ability to adversely affect the level of 
mitigation provided for covered bat species. The damage or destruction of trees/snags by wildfire 
in mitigation sites can result in the loss of covered bat species summer and spring 
staging/swarming habitats. Wildfires may also damage or destroy power poles such that the 

                                                 
10 Source: National Oceanic and Atmospheric Administration (NOAA) National Climatic Data Center Storm Events 
Database (http://www.ncdc.noaa.gov/stormevents). 
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effectiveness of power poles that have been retrofitted or installed to provide bald eagle 
mitigation is reduced.  

Changed Circumstance Trigger 

The occurrence of wildfires within mitigation sites are reasonably foreseeable over the 45-year 
term of the MWE and could trigger a changed circumstance. Any of the following conditions 
resulting from a wildfire affecting a mitigation site will trigger a changed circumstance. 

• A wildfire has removed 30 percent or more of the tree canopy cover within a mitigation 
site that protects existing covered bat species summer or swarming habitat relative to 
baseline conditions (see Section 5.2.3.3). 

• A wildfire has sufficiently damaged or destroyed an artificial structure (e.g., buildings) 
supporting mitigation roosting habitat for little brown bat such that the estimated number 
of little brown bats using the roost sites has declined by more than 50 percent from the 
number of bats estimated using the roost site in the most recent effectiveness monitoring 
survey (see Section 7.4.2.1.4). 

• A wildfire has damaged or destroyed a power pole that provides mitigation for bald 
eagles. 

Planned Response  

The actions that must be implemented by the Responsible Mitigation Entity in response to a 
wildfire that has triggered this changed circumstance and, if an Event Evaluation is conducted, 
has resulted in a Material Adverse Change in mitigation site conditions will vary depending on 
site-specific conditions.  

Covered Bat Species Summer and Spring Staging/Fall Swarming Habitat Mitigation Sites. 
The following action will be implemented in response to the effects of a wildfire triggering a 
changed circumstance in mitigation sites supporting summer or spring staging/fall swarming 
habitats for covered bat species.  

• Onsite planting of native trees that supports forest habitat in sufficient quantity to restore 
the destroyed or damaged trees within the mitigation site. Tree plantings will be 
implemented and maintained in accordance with the Natural Resources Conservation 
Service (NRCS) Field Office Technical Guide Conservation Practice Standard for tree 
establishment for the state within which the mitigation site is located, unless otherwise 
approved by the USFWS. 

Within 1 year from a wildfire triggering the changed circumstance in forested habitat, the 
Responsible Mitigation Entity must complete all restoration plantings and will initiate ongoing 
restoration site maintenance activities until the plantings have become established in accordance 
with the applicable state’s NRCS Conservation Practice Standard. Following restoration of the 
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mitigation site, monitoring must be implemented in accordance with the provisions of 
Section 7.4.1.2.1. 

Little Brown Bat Mitigation Roosting Habitat. The response to a wildfire that has damaged or 
destroyed an artificial little brown bat mitigation roost site will include implementing one of the 
following measures, unless otherwise approved by the USFWS.  

1. Onsite reconstruction or replacement of the damaged or destroyed habitat structure or 

2. Providing protection for a different existing roost site that supports a similar number of 
roosting little brown bats.  

The selected response must be completed by the Responsible Mitigation Entity before the 
beginning of the next maternity season from the time the changed circumstance is triggered 
unless otherwise approved by USFWS. Effectiveness monitoring must be conducted in the first, 
third, and fifth hibernation seasons following the repair or replacement of an artificial roost site 
to (1) confirm the use of the roost site by little brown bat and, if present, (2) to estimate the 
number of little brown bats using the roost site. Thereafter, monitoring will be conducted in 
accordance with the provisions of Section 7.4.2.1.4. 

Bald Eagle Mitigation Power Poles. The response to a wildfire that has damaged or destroyed a 
power pole that provides bald eagle mitigation will be to replace or repair the power pole such 
that the original design of the power pole is restored. An alternate power pole design may be 
used with the approval of the USFWS if it is deemed to be as or more effective in reducing the 
risk for electrocution of bald eagles as the original design. Power poles that are damaged or 
destroyed by a wildfire that support power lines that are still conveying electricity must be 
replaced or repaired by the Responsible Mitigation Entity within 5 business days of the 
triggering of the changed circumstance, unless otherwise approved by the USFWS. If the power 
line is no longer conveying electricity the planned response must be implemented at the time the 
power line is repaired, unless otherwise approved by the USFWS. 

8.4.2.2 Riverine and Cave Flooding 

Nature of the Changed Circumstance 

Floods along floodplains within the Plan Area are a relatively common occurrence.11 Flooding 
can beneficially or adversely affect covered bat species mitigation habitats. Beneficial effects of 
flooding include promoting suitable bat roosting conditions in trees, such as sloughing bark and 
snag development. Conversely, flooding of mitigation site habitats can remove or reduce the 
suitability of covered bat species summer habitat, including maternity roosts. Inundation of 
mitigation cave hibernaculum by a riverine flood event or through the channeling of rainfall and 
runoff into cave hibernaculum can drown covered bat species, alter the configuration of the 
hibernaculum opening such that future temperature and airflow conditions change, or increase 
                                                 
11 Source: NOAA National Climatic Data Center Storm Events Database (http://www.ncdc.noaa.gov/stormevents). 
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moisture in the cave. Flood events may also damage or destroy power poles such that the 
effectiveness of power poles that have been retrofitted or installed to provide bald eagle 
mitigation is reduced.  

Changed Circumstance Trigger 

Any flood up to a 100-year flood event, as categorized by the Federal Emergency Management 
Agency, for the watershed within which a covered bat species summer or spring staging/fall 
swarming habitat mitigation site is located are reasonably foreseeable over the 45-year term of 
the MWE and could trigger a changed circumstance. Any flooding of a mitigation cave 
hibernaculum site that exceeds baseline flooding conditions is reasonably foreseeable over the 
45-year term of the MWE and could trigger a changed circumstance. Any flood event that 
damages or destroys a bald eagle mitigation power pole will trigger a changed circumstance. 
Any of the following conditions resulting from a flood affecting a mitigation site will trigger a 
changed circumstance. 

• A flood event has removed 30 percent or more of the tree canopy cover within a 
mitigation site that protects existing covered bat species summer or spring staging/fall 
swarming habitat relative to baseline conditions (see Section 5.2.3.3).  

• A flood event has sufficiently damaged or destroyed an artificial structure (e.g., 
buildings) supporting mitigation roosting habitat for little brown bat such that the 
estimated number of little brown bats using the roost sites has declined by 50 percent 
from the number of bats estimated using the roost site in the most recent effectiveness 
monitoring survey (see Section 7.4.2.1.4). 

• A flood event that exceeds the mean annual variation in flooding that is associated with 
the protected hibernaculum or the detection of flooding of a hibernaculum for which the 
annual variation in flooding is not known. 

• A flood event has damaged or destroyed a power pole that provides mitigation for bald 
eagles. 

Planned Response 

The actions that will be implemented by the Responsible Mitigation Entity in response to a flood 
that has triggered this changed circumstance and, if an Event Evaluation is conducted, has 
resulted in a Material Adverse Change in mitigation site conditions will vary depending on site-
specific conditions.  

Covered Bat Species Summer and Spring Staging/Fall Swarming Habitat Mitigation Sites. 
The following action will be implemented in response to a flood triggering a changed 
circumstance in covered bat species summer and spring staging/fall swarming habitats.  
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• Onsite planting of native trees that support summer or spring staging/fall swarming 
habitat in sufficient quantity to restore the destroyed or damaged trees within the 
mitigation site. Tree plantings will be implemented and maintained in accordance with 
the NRCS Field Office Technical Guide Conservation Practice Standard for tree 
establishment for the state within which the mitigation site is located unless otherwise 
approved by the USFWS. 

Within 1 year from the flood triggering the changed circumstance, the Responsible Mitigation 
Entity must complete all restoration plantings and will initiate ongoing restoration site 
maintenance activities until the plantings have become established in accordance with the 
applicable state’s NRCS Conservation Practice Standard or as otherwise approved by the 
USFWS. Following restoration of the mitigation site, monitoring must be implemented in 
accordance with the provisions of Section 7.4.1.2.1. 

In the event that the effects of the flood are such that the former conditions of summer and 
swarming habitat mitigation sites cannot be restored (e.g., a substantial portion of the mitigation 
site has been eroded such that a sufficient number of trees cannot be planted to restore the site), 
the following alternate actions may be implemented with the approval of the USFWS.  

• Acquiring an alternate mitigation site and restoring sufficient habitat in accordance with 
the methods described above for onsite restoration such that the covered bat species 
habitat functions affected by the flood are replaced as determined through the applicable 
covered bat species Resource Equivalency Analysis (REA) models. 

• Protecting sufficient existing covered bat species habitat such that the covered bat species 
habitat functions affected by the flood are replaced as determined through the applicable 
covered bat species REA models. 

Within 2 years from the flood triggering the changed circumstance, the Responsible Mitigation 
Entity must complete all acquisition of replacement mitigation sites. For alternate restoration 
sites, all restoration plantings must be completed within 1 year of acquiring the mitigation site 
and restoration site maintenance activities will be initiated and continued until the plantings have 
become established in accordance with the applicable state’s NRCS Conservation Practice 
Standard. Following restoration of the mitigation site, monitoring must be implemented in 
accordance with the provisions of Section 7.4.1.2.1. 

Covered Bat Species Mitigation Cave Hibernaculum. The response to a changed circumstance 
at a covered bat species mitigation hibernaculum from flooding will be to evaluate the post-flood 
hibernaculum habitat conditions before the next period of hibernation and as soon as the site can 
be safely accessed without causing further harm to bats that may be using the hibernaculum. The 
evaluation will be conducted by the Responsible Mitigation Entity in coordination with the 
USFWS and responsible state agency to determine if affected habitat conditions are likely to 
reestablish naturally within 1 year of the flood event or, if not, to determine if suitable habitat 
conditions can be reasonably restored.  
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If it is determined that hibernaculum habitat conditions are likely to naturally reestablish within 
1 year, the Responsible Mitigation Entity must conduct surveys in accordance with USFWS 
survey protocols during the following winter season to determine if the number of bats using the 
hibernaculum is within the range of expected natural variability from baseline conditions, as 
adjusted for any detectable effects of white-nose syndrome on bat populations. If the USFWS 
concurs with a finding that the use of the hibernaculum by the covered bat species has not been 
affected by the flood event, no further actions are required.  

If results of the survey indicate that use of the hibernaculum has decreased as a result of effects 
of the flood on habitat conditions, the Responsible Mitigation Entity will meet and confer with 
the USFWS to determine if actions can be reasonably untaken to restore the affected habitat 
conditions. If habitat conditions can be reasonably restored, the Responsible Mitigation Entity 
will develop and implement a restoration plan in coordination with the USFWS. If the site cannot 
reasonably be restored, the level of take mitigated by the hibernaculum must be mitigated 
through implementation of replacement mitigation as determined through use of the applicable 
covered bat species REA models. If the selected replacement mitigation is comprised of restoring 
or protecting summer habitat, the requirements described above for a flood-related changed 
circumstance on summer habitat mitigation sites will apply.  

Little Brown Bat Mitigation Artificial Roosting Habitat. One of the following actions must be 
implemented in response to a flood triggering a changed circumstance affecting artificial little 
brown bat roosting habitat, unless otherwise approved by the USFWS.  

1. Onsite reconstruction or replacement of the damaged or destroyed habitat structure; 

2. Providing protection for a different existing roost site that supports a similar number of 
roosting little brown bats; or  

3. If the flooding renders the mitigation unsuitable for reconstruction or replacement of the 
roosting habitat structure, constructing a new artificial roosting structure in an alternate 
mitigation site occupied by little brown bat. 

The selected response must be completed by the Responsible Mitigation Entity before the 
beginning of the next maternity season from the time the changed circumstance is triggered 
unless otherwise approved by USFWS. Effectiveness monitoring must be conducted in the first, 
third, and fifth hibernation seasons following the repair or replacement of an artificial roost site 
to (1) confirm the use of the roost site by little brown bat and, if present, (2) estimate the number 
of little brown bats using the roost site. Thereafter, monitoring will be conducted in accordance 
with the provisions of Section 7.4.2.1.4.  

Bald Eagle Mitigation Power Poles. The response to a flood event that has damaged or 
destroyed a power pole that provides bald eagle mitigation will be to replace or repair the power 
pole such that the original design of the power pole is restored. An alternate power pole design 
may be used with the approval of the USFWS if it is deemed to be as or more effective in 
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reducing the risk for electrocution of bald eagles as the original design. Power poles that are 
damaged or destroyed by a flood that support power lines that are still conveying electricity must 
be replaced or repaired by the Responsible Mitigation Entity within 5 business days of the 
triggering of the changed circumstance or within 5 business days of when the site is accessible 
following the flood event, unless otherwise approved by the USFWS. If the power line is no 
longer conveying electricity the planned response must be implemented at the time the power 
line is repaired, unless otherwise approved by the USFWS. 

8.4.2.3 Drought 

Meteorological drought happens when dry weather patterns dominate a geographic area. A 
sufficient period of meteorological drought can affect hydrologic conditions (e.g., rainfall, 
ground water levels, stream flow) and agricultural productivity.12 Drought conditions 
periodically occur in the different regions of the Plan Area.13 Extended drought conditions can 
kill trees that support covered bat species roosting habitat. Severe drought can also adversely 
affect food production and availability for covered bat species in mitigation sites (e.g., the 
production of flying insect prey species). Drought conditions could also result in killing trees 
planted in mitigation restoration sites during the habitat establishment period.  

Changed Circumstances Trigger 

Any drought event, as declared by the responsible state or local agency, that is up to 10 percent 
longer in duration than the most severe drought recorded over the previous 50 years for the 
watershed within which the mitigation site is located is reasonably foreseeable over the 45-year 
term of the MWE and could trigger a changed circumstance. A changed circumstance resulting 
from a drought will be triggered if effects of the drought have killed or severely stressed trees 
present in a covered bat species summer or swarming habitat mitigation site such that 30 percent 
or more of the living tree canopy cover present in the site has been or is be expected to be lost 
relative to baseline conditions (see Section 5.2.3.3).  

Planned Response 

The actions that will be implemented by the Responsible Mitigation Entity in response to a 
drought that has triggered this changed circumstance and, if an Event Evaluation is conducted, 
has resulted in a Material Adverse Change in mitigation site conditions will vary depending on 
site-specific conditions.  

The following action must be implemented in response to the effects of a drought triggering a 
changed circumstance in mitigation sites supporting covered bat species summer or spring 
staging/fall swarming habitat.  

                                                 
12 Source: NOAA National Climatic Data Center (http://www.ncdc.noaa.gov/monitoring-references/dyk/drought-
definition). 
13 Source: NOAA National Climatic Data Center Storm Events Database (http://www.ncdc.noaa.gov/stormevents). 
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• Onsite planting of native trees that supports forest habitat in sufficient quantity to restore 
the destroyed or damaged trees within the mitigation site. Tree plantings will be 
implemented and maintained in accordance with the NRCS Field Office Technical Guide 
Conservation Practice Standard for tree establishment for the state within which the 
mitigation site is located unless otherwise approved by the USFWS. 

Within 1 year from the cessation of drought conditions, the Responsible Mitigation Entity must 
complete all restoration plantings and will initiate ongoing restoration site maintenance activities 
until the plantings have become established in accordance with the applicable state’s NRCS 
Conservation Practice Standard. Following restoration of the mitigation site, monitoring must be 
implemented in accordance with the provisions of Section 7.4.1.2.1. 

8.4.2.4 Tornados 

Nature of the Changed Circumstance 

A tornado is defined as a violently rotating column of air extending from a cumuliform cloud, 
such as a thunderstorm, to the ground. The U.S. experiences more tornadoes than any other 
country and tornados are a frequent occurrence in the Plan Area.14 Tornados may occur at any 
time of the year, but are most frequent in the late spring and summer months. Mitigation summer 
and spring staging/fall swarming habitats for covered bat species will consist of trees planted to 
restore habitat or trees and snags that are protected as mitigation in existing habitat areas. 
Tornadoes have the potential to destroy covered bat species mitigation roosting habitats through 
the destruction and removal of live trees, snags, and artificial roosting structures. Tornadoes with 
a magnitude of F215 or greater are most likely to uproot or severely damage large trees that 
support habitat for the covered bat species. From 2004 to 2014, the number of tornados with a 
magnitude of F2 or greater averaged at 50 per year in the Plan Area.16 Tornados may also 
damage or destroy power poles such that the effectiveness of power poles that have been 
retrofitted or installed to provide bald eagle mitigation is reduced. 

Changed Circumstance Trigger 

Tornados of any magnitude over the term of the MWE are reasonably foreseeable and could 
trigger a changed circumstance. Any of the following conditions resulting from a tornado 
affecting a mitigation site will trigger a changed circumstance. 

• A tornado has removed 30 percent or more of the tree canopy cover within a mitigation 
site that protects existing covered bat species summer or swarming habitat relative to 
baseline conditions (see Section 5.2.3.3).  

                                                 
14 Source: NOAA National Climatic Data Center Storm Events Database (http://www.ncdc.noaa.gov/stormevents) 
15 F2 magnitude tornados have estimated wind speeds ranging from 113-157 miles per hour 
(http://www.spc.noaa.gov/faq/tornado/f-scale.html). 
16 Source: NOAA National Climatic Data Center Storm Events Database (http://www.ncdc.noaa.gov/stormevents). 
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• A tornado has sufficiently damaged or destroyed an artificial structure (e.g., buildings) 
supporting mitigation roosting habitat for little brown bat such that the estimated number 
of little brown bats using the roost sites has declined by 50 percent from the number of 
bats estimated using the roost site in the most recent effectiveness monitoring survey (see 
Section 7.4.2.1.4). 

• A tornado has damaged or destroyed a protected covered bat species hibernaculum cave 
gate or other protective structure or has obstructed the ability of covered bat species to 
enter or leave the hibernaculum. 

• A tornado has damaged or destroyed a power pole that provides mitigation for bald 
eagles. 

Planned Response 

The actions that must be implemented by the Responsible Mitigation Entity in response to a 
tornado that has triggered this changed circumstance and, if an Event Evaluation is conducted, 
has resulted in a Material Adverse Change in mitigation site conditions will vary depending on 
site-specific conditions.  

Covered Bat Species Summer and Spring Staging/Fall Swarming Habitat Mitigation Sites. 
The following action must be implemented in response to the effects of a tornado triggering a 
changed circumstance in mitigation sites supporting summer or spring staging/fall swarming 
habitats for covered bat species.  

• Onsite planting of native trees that supports forest habitat in sufficient quantity to restore 
the destroyed or damaged trees within the mitigation site. Tree plantings will be 
implemented and maintained in accordance with the NRCS Field Office Technical Guide 
Conservation Practice Standard for tree establishment for the state within which the 
mitigation site is located, unless otherwise approved by the USFWS. 

Within 1 year from a tornado triggering the changed circumstance in forested habitat, the 
Responsible Mitigation Entity must complete all restoration plantings and will initiate ongoing 
restoration site maintenance activities until the plantings have become established in accordance 
with the applicable state’s NRCS Conservation Practice Standard. Following restoration of the 
mitigation site, monitoring must be implemented in accordance with the provisions of 
Section 7.4.1.2.1. 

Little Brown Bat Mitigation Roosting Habitat. The response to a tornado that has a Material 
Adverse Change on an artificial little brown bat mitigation roost site must include implementing 
one of the following measures, unless otherwise approved by the USFWS.  
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1. Onsite reconstruction or replacement of the damaged or destroyed habitat structure or 

2. Providing protection for a different existing roost site that supports a similar number of 
roosting little brown bats.  

The selected response must be completed by the Responsible Mitigation Entity before the 
beginning of the next maternity season from the time the changed circumstance is triggered, 
unless otherwise approved by USFWS. Effectiveness monitoring must be conducted in the first, 
third, and fifth hibernation seasons following the repair or replacement of an artificial roost site 
to (1) confirm the use of the roost site by little brown bat and, if present, (2) estimate the number 
of little brown bats using the roost site. Thereafter, monitoring will be conducted in accordance 
with the provisions of Section 7.4.2.1.4. 

Protected Covered Bat Species Cave Hibernaculum. The response to a tornado that damages a 
cave gate or other structure protecting the entrance to a cave serving as a covered bat species 
hibernaculum will be to repair or replace the cave gate such that the function of the original cave 
gate is fully restored. The response to a tornado that has obstructed the ability of covered bat 
species to enter or exit a cave will be to remove the obstruction such that the extent of bat access 
and egress to and from the hibernaculum is restored relative to baseline conditions (see Section 
5.2.3.3). The Responsible Mitigation Entity must initiate and complete all actions necessary to 
repair tornado-induced damage to the hibernaculum site before the beginning of the next 
hibernation season or within 3 months, whichever is shorter. 

Bald Eagle Mitigation Power Poles. The response to a tornado that has damaged or destroyed a 
power pole that provides bald eagle mitigation will be to replace or repair the power pole such 
that the original design of the power pole is restored. An alternate power pole design may be 
used with the approval of the USFWS if it is deemed to be as or more effective in reducing the 
risk for electrocution of bald eagles as the original design. Power poles that are damaged or 
destroyed by a tornado that support power lines that are still conveying electricity must be 
replaced or repaired by the Responsible Mitigation Entity within 5 business days of the 
triggering of the changed circumstance, unless otherwise approved by the USFWS. If the power 
line is no longer conveying electricity the planned response must be implemented at the time the 
power line is repaired, unless otherwise approved by the USFWS. 

8.4.2.5 Establishment of Invasive Species and Vegetation Diseases 

Nature of the Changed Circumstance 

The establishment of existing or new invasive species and diseases can threaten the health and 
productivity of forest ecosystems. The occurrence of invasive species and plant diseases in 
protected and restored covered bat species mitigation habitats can result in altering habitat 
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structure such that the functions of the habitat for covered bat species is reduced.17 For example, 
an infestation of tree diseases and invasive invertebrate species (e.g., insects, nematodes) within 
forested mitigation habitats can kill trees and reduce the canopy cover such that use of the habitat 
by individuals will be reduced or the habitat rendered unsuitable. The establishment of invasive 
insects may also replace native insect prey of the covered bat species or kill vegetation that 
supports the production of insect prey. Minor occurrences of disease and pests that affect only a 
few trees, however, can be beneficial by creating snags that support covered bat species roosting 
habitat.  

Changed Circumstance Trigger 

Occurrences of invasive species and vegetation diseases in mitigation sites are reasonably 
foreseeable and could trigger a changed circumstance. A changed circumstance resulting from an 
infestation of invasive species or vegetation disease in a mitigation site will be triggered if the 
effects of an invasive species or vegetation disease have killed or severely stressed trees present 
in a covered bat species summer or swarming habitat mitigation site such that 30 percent or more 
of the living tree canopy cover present has been or is expected to be lost relative to baseline 
conditions (see Section 5.2.3.3).  

Planned Response 

Within 1 year of triggering this changed circumstance the Responsible Mitigation Entity must 
implement actions to eradicate or control the disease or invasive species. The Responsible 
Mitigation Entity will coordinate with the USFWS, NRCS, state forestry agencies, and species 
experts as appropriate to identify the appropriate actions that will be implemented to monitor and 
control the disease or invasive species within the affected mitigation site. Depending on the 
nature of the invasive species or disease, actions could include trapping and shooting of 
nonnative vertebrate animals, trapping and chemical removal of invertebrate animals, mechanical 
and chemical removal of nonnative plants, and removal of infested vegetation. Ecosystem 
management tools, such as controlled fire, may also be effective at controlling nonnative species 
and vegetation diseases. If the invasive species or disease is being addressed under existing or 
new regional programs, control actions will be coordinated with or implemented by responsible 
local, state, and/or federal agencies.  

Mitigation sites affected by infestations of invasive plant species must be restored to baseline 
habitat conditions for the covered bat species following a determination by the USFWS that the 
invasive species has been sufficiently controlled to ensure restoration success. Following 
restoration of the mitigation site, monitoring must be implemented in accordance with the 
provisions of Section 7.4.1.2.1. 

                                                 
17 In some instances, invasive species that create snags may improve habitat conditions for some Covered Species. 
For example, the emerald ash borer has apparently suitable summer habitat for the Indiana bat by increasing the 
number of snags with defoliating bark. 
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If the USFWS determines that the methods to adequately reduce and/or control adverse effects of 
invasive species or disease are not available or practicable, or would significantly decrease the 
habitat functions for the covered bat species, the Responsible Mitigation Entities will be required 
to acquire future mitigation sites in locations that are not likely to be exposed to the 
establishment of the invasive species or vegetation disease that has infested the mitigation site. 
The Responsible Mitigation Entities for existing mitigation sites that are in locations susceptible 
to the threat of an infestation must identify and implement appropriate management actions to 
reduce the likelihood for the establishment of invasive species and vegetation disease from 
nearby infestations.  

8.4.2.6 Termination of the Mitigation Implementation Entity 

Nature of the Changed Circumstance 

Over the term of the MWE, the MIE could be terminated by the AIE for several reasons (e.g., 
termination for failure to meet its contract obligations with the AIE, bankruptcy, dissolution of 
the organization contracted to provide MIE services). Termination of the MIE would necessitate 
transference of MIE responsibilities to one or more entities. 

Planned Response 

Pending the foreseeable termination of the MIE, the AIE will coordinate with the USFWS to 
identify and bring under contract with the AIE one or more new MIEs to assume the 
responsibilities of the terminated MIE. Other options for replacing the functions of the MIE (e.g., 
contracting with multiple entities to assume some or all of the terminated MIE’s responsibilities 
on a regional basis) may be pursued by the AIE. Funding necessary for the AIE to identify and 
contract with a new MIE(s) or its equivalent, as well as any additional funds identified by the 
new MIE to assume the mitigation requirements of the MWE, will be provided by COI-holders 
that have used the terminated MIE to implement mitigation on their behalf.  

Immediately following the termination of the MIE and in any interim between the establishment 
of a new MIE(s), the AIE will become responsible for all of the MIE’s COI-holder mitigation-
related obligations. All former MIE mitigation-related obligations must be implemented in 
accordance with the requirements originally applicable to the MIE. 

Future COI-holder mitigation obligations for which mitigation fees have not been paid to the 
MIE must be assumed by the COI-holder (i.e., affected facilities will implement the required 
future mitigation in accordance with the provisions described in Section 9.7.2.2) unless and until 
a new MIE is in place. If an affected COI-holder choose not to implement their mitigation 
obligations, the COI must be relinquished to the AIE and wind turbines at the applicable wind 
energy facilities will be required to immediately begin operating in a manner approved by the 
USFWS that will avoid take of the Covered Species. 
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If the AIE is unable to identify and contract with a new MIE(s) or its equivalent, all mitigation 
sites held in fee-title and conservation easements administered by the MIE on behalf of COI-
holders, and all COI-holder mitigation funds held in MIE accounts must transfer to the AIE, and 
the AIE will be responsible for implementing all of the MIE’s COI-holder mitigation-related 
obligations. The legal mechanisms provided for this transference of mitigation responsibilities 
must be approved by the USFWS and will be described in the AIE’s contract with the MIE.  

Termination of the MIE by the AIE will not affect MIE mitigation contracts with individual 
Permittees unless the MIE is dissolved as an operating entity. If the MIE dissolves, each 
individual Permittee with a contract(s) with the MIE will become responsible for fulfilling any 
outstanding MIE mitigation obligations associated with the contract(s). If an affected individual 
Permittee chooses not to implement their mitigation obligations, the ITP must be surrendered to 
the USFWS and wind turbines at the applicable wind energy facility will be required to 
immediately begin operating in a manner approved by the USFWS that will avoid take of 
Covered Species. 

8.4.3 Climate Change 

Nature of the Changed Circumstance 

Climate change refers to a change in the state of the climate that can be identified by changes in 
its properties, and that persists for an extended period, typically decades or longer. Increases in 
greenhouse gases in the atmosphere are a major factor driving present day climate change (Parry 
et al. 2007). Implementation of the Covered Activities is expected to reduce the rate of 
greenhouse gases emitted through human activities by increasing the availability of wind 
generated energy that will reduce dependence on fossil fuels, a primary source of greenhouse gas 
emissions. Climate change can create conditions that can affect the effectiveness of mitigation 
sites to mitigate the impact of take. The potential effects of climate change on the Covered 
Species are described in Section 3.1.1. Effects of climate change can result in increased 
frequency and intensity of drought, severe weather conditions, floods, and fires. Changes in 
climate over the term of the MWE may also result in shifting the distribution and migration 
behavior of the Covered Species.  

8.4.3.1 Changes in Migration Periods 

The operations-related AMMs in Tables 5-4, 5-6, and 5-8 for the covered bats species and in 
AMM KIWA4 (see Section 5.5.2) for the Kirtland’s warbler require seasonal restrictions in wind 
turbine operations. Changes in seasonal temperatures may alter the timing of covered bat species 
(Weller et al. 2009) and covered bird species migration periods. The covered bat species are at 
risk of collision with wind turbines during spring and fall migration (see Tables 5-4, 5-6, and 5-
8) and Kirtland’s warblers are at high risk of collisions near occupied breeding habitats during 
the spring and fall migration periods and during the breeding season. The USFWS reviews and 
analyzes monitoring and research data collected from multiple sources within the Plan Area to 
assess the status and trends of Covered Species populations on an ongoing basis. Results of these 
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analyses will be used by the USFWS to determine if there has been a shift in the spring and fall 
migration periods for the covered bat species or a shift in the timing of Kirtland’s warbler 
migration and breeding periods.  

Changed Circumstance Trigger 

Based on the best available information regarding climate change and its potential effects, shifts 
in the timing of covered bat species and Kirtland’s warbler migration periods is reasonably 
foreseeable over the 45-year term of the MWE and is considered a changed circumstance. This 
changed circumstance will be triggered if the USFWS, based on the best available science-based 
information, determines that climate change has resulted in: 

• The initiation of the Indiana bat, northern long-eared bat, and/or little brown bat fall 
migration periods in the Plan Area shifting to before or after August 1 and/or before or 
after October 31. 

• The initiation of the Indiana bat, northern long-eared bat, and/or little brown bat spring 
migration periods in the Plan Area shifting to before or after April 1 and/or before or after 
May 31. 

• The Kirtland’s warbler migration and breeding period within the Plan Area shifting to 
before or after March 15 and/or before or after October 30.  

Planned Response 

The USFWS will provide the individual Permittees and the AIE with a written notice that it has 
determined that a shift in the migration timing of a covered bat species or the migration period of 
Kirtland’s warbler has been determined. The notice will include the data and analyses supporting 
the determination. Within 5 business days of receipt of the written notice, the timing of the 
operational restrictions for the species will be modified to cover the newly established migration 
period (se Tables 5-4, 5-6, and 5-8 and AMM KIWA4 in Section 5.5.2).  

8.4.3.2 Changes in Species Distribution 

Temperature changes associated with effects of climate change will likely cause a shift in the 
distribution of Covered Species within the Plan Area. For example, warmer winters are predicted 
to shift the range of hibernating bat species northward, as the energetic constraints of hibernation 
may be limiting (Humphries et al. 2002). Such shifts in the range of the covered bat species 
within the Plan Area could increase the risk for take at covered wind energy facility sites. 

Interior least tern and piping plover breeding habitat is located along shorelines of lakes and 
rivers. Bald eagle nest sites are also typically located near lakes and rivers that support breeding 
season foraging habitat. Although the area of available breeding habitat may be reduced if 
climate change results in lower lake levels and altered flow regimes in rivers that support 
breeding habitat, it is unlikely that climate change will result in the establishment of new areas of 
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breeding habitat. Consequently, effects of climate change on interior least tern, piping plover, 
and bald eagle are unlikely to result in a shift in their distribution such that the risk for take will 
differ substantively from the levels estimated at the time of MWE implementation.  

As described in Section 3.1.1.2, the effects of climate change on Kirtland’s warbler could include 
a reduction of its breeding habitat area in Michigan and an expansion of its breeding habitat in 
Wisconsin and Minnesota (Prasad et al. 2007). Such shifts in the distribution of Kirtland’s 
warbler breeding habitat could result in a shift in the distribution of Kirtland’s warbler within the 
Plan Area that could result in an increase or decrease in the risk for take estimated at the time of 
MWE approval.  

Changed Circumstance Trigger 

Based on the best available science-based information regarding climate change and its potential 
effects, shifts in the distribution of covered bat species and Kirtland’s warbler is reasonably 
foreseeable over the 45-year term of the MWE and is considered a changed circumstance. This 
changed circumstance will be in effect if the USFWS, based on the best available science-based 
information, determines that climate change has resulted in an increase in the Plan Area range of 
Indiana bat or Kirtland’s warbler.  

Planned Response 

Take Authorizations. In the event that the USFWS determines that the distribution of Indiana 
bat or Kirtland’s warbler has expanded into portions of the Plan Area that do not currently 
support these species and for which a take authorization is not required, the USFWS will provide 
written notice, including supporting data and analyses, to the affected individual Permittees and 
the AIE of the location of the expanded distribution. Individual Permittees/COI-holders with 
wind energy facilities in the expanded range of Indiana bat or Kirtland’s warbler will be required 
to either obtain a minor amendment to their take authorization (see Section 8.6.2.2) to provide 
take coverage for the applicable species or to operate wind turbines at cut-in speeds and hourly 
and seasonal restrictions such that the potential for operations-related take of the species is 
avoided.  

A request for a minor amendment to provide take coverage for Indiana bat will require that the 
individual Permittee/COI-holder conduct an analysis to estimate the level of Indiana bat and/or 
Kirtland’s warbler take over the remainder of the take authorization (see Section 9.4.4). 
Operational avoidance measures will be implemented during the period required to obtain a 
minor amendment to the take authorization unless otherwise approved by the USFWS. The 
USFWS will approve the minor amendment if it concurs with the take analysis and there is 
sufficient take available under the MWE to cover the requested level of take. If sufficient take is 
not available under the MWE to provide for the requested addition to the take authorization, the 
affected individual Permittee/COI-holder may apply for a separate ITP. 
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Mitigation Requirements. If a shift in the breeding distribution of a covered bat species or 
Kirtland’s warbler is documented, the Responsible Mitigation Entity will select future mitigation 
sites, with guidance from the USFWS, in locations that are most likely to support occupied 
habitat for the affected Covered Species into the foreseeable future. Existing mitigation sites that 
are no longer occupied as a result of a shift in species distribution will not require additional 
mitigation commitments.  

8.4.4 White-Nose Syndrome Species 

Nature of the Changed Circumstance 

As described in Section 3.1.2, WNS is the most severe threat to covered bat species populations 
in the Plan Area. Substantial declines in covered bat species Plan Area populations as a result of 
WNS have been documented. WNS is expected to establish in other portions of the Plan Area 
and result in further declines in Plan Area populations.  

Changed Circumstance Trigger 

Based on the best available information regarding the effects of WNS and its establishment and 
likely progression in the Plan Area, declines in Plan Area covered bat species populations are 
reasonably foreseeable over the 45-year term of the MWE and is considered a changed 
circumstance. A changed circumstance will be triggered if the USFWS determines that the Plan 
Area population of a covered bat species has declined from 2015 population estimates by the 
following percentages.  

• There is a 35, 55, 75, 85, 90, or 95 percent decline in the Indiana bat Midwest Recovery 
Unit and/or Ozark Central Recovery Unit population estimates from 2015.  

• There is a 35, 55, 75, 85, 90, or 95 percent decline in the northern long-eared bat or little 
brown bat Plan Area population estimates from 2015.  

Planned Response 

To help ensure that the biological goals and objectives for the covered bat species are achieved 
(see Chapter 5), the amount of take that remains available for future allocation under the MWE 
will be reduced for each covered bat species commensurate with the percentage of estimated 
decline associated with each of the changed circumstance triggers. For example, if the USFWS 
determines there has been a 35 percent decline in the Plan Area Indiana bat population, a 
changed circumstance will take effect and the level of Indiana bat take that can be allocated to 
future project proponents will be reduced by 35 percent from the total amount of unallocated 
take that was available at the time the changed circumstance is triggered. This same process for 
reducing take by 55, 75, 85, 90, or 95 percent will occur at such time as the USFWS determines 
there has been a decline in the a covered bat species population by 55, 75, 85, 90, or 95 percent, 
respectively. This changed circumstance will apply on a species by species basis, such that a 
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population decline of one of the covered bat species will trigger a reduction in remaining 
available take authorization for that species only, and not for the other covered bat species.  

The USFWS will provide the individual Permittees and the AIE with written notification of and 
supporting data and analyses supporting its determination that this changed circumstance has 
been triggered. The written notification will also include the reduction in allowable take of the 
applicable covered bat species available for future allocation under the MWE. The reduction in 
allowable take will become effective within 5 business days of receipt of the written notice. The 
reduction in allowable take applies only to take available for future allocation; existing take 
authorizations for all individual Permittees/COI-holders will not be affected by this changed 
circumstance. 

8.4.5 Take of Interior Least Tern and Northern Great Plains Piping 
Plover 

Nature of the Changed Circumstance 

The estimated Plan Area-wide level of take for interior least tern is 9 and 26 for the Northern 
Great Plains Population of piping plover with full build-out of the 33,000 MW (see Table 9–5). 
The estimated Plan Area-wide level of take for interior least tern is 8 and 15 for the Northern 
Great Plains Population of piping plover associated with full enrollment by existing wind energy 
facilities (see Table 9–5). The risk for take of these species at each enrolled wind energy facility 
is expected to be low. However, it is possible that the results of operations effectiveness monitoring 
may indicate that the Plan Area-wide level of take may be exceeded over the term of the MWE 
(see Section 7.3.2.1.2). If the source of detected take is geographically clumped among a few 
wind energy facilities (e.g., 1-3 wind energy facilities), actions may be necessary to ensure that 
the amount of take authorized under the MWE will not be exceeded. The adaptive management 
action described in Sections 7.3.3.2 and 7.3.3.4 will be implemented if the monitored level of 
take is greater than expected, but is not geographically clumped and not constrained to four or 
fewer wind energy facilities.  

Changed Circumstance Trigger 

EoA modeling of operations effectiveness monitoring results among all enrolled wind energy 
facilities indicates, as determined by the USFWS, that the Plan Area-wide level of authorized 
take of interior least tern and/or Northern Great Plains piping plover may be exceeded over the 
term of the MWE and the estimated actual take is geographically clumped (e.g., along a single 
migration corridor) and limited to a small number of facilities.  

Planned Response 

The USFWS will undertake an analysis based on monitoring data collected from the affected 
wind energy facilities, review of actual take estimates from all other wind energy facilities with 
interior least tern and piping plover take authorization, and any other available relevant 
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information to determine if there is a reasonable probability, based on projected future rates of 
take, that the Plan Area level of authorized take will be exceeded. If the USFWS determines 
there is a reasonable probability that the level of authorized take will be exceeded, the following 
responses will be implemented.  

1. The USFWS will conduct a spatial risk analysis encompassing the geographic area(s) 
where the disproportionate level of estimated actual take has been detected to determine 
the geographic extent of land area that is at risk for high levels of take. Based on results of 
the analysis, identified high take risk zones will be closed to future issuance of take 
authorizations under the MWE. The USFWS will notify the AIE and project proponents in 
the process of seeking take authorization within 5 business days that MWE take 
authorizations will no longer be issued for wind energy facilities that are proposed within 
the designated high take risk zones.  

2. Operations of wind turbines at the high take wind energy facilities will be curtailed to 
further minimize take of interior least tern and/or piping plover if, with implementation of 
the closure of specified areas to future issuance of take authorizations, the USFWS 
determines that the Plan Area-wide take authorization may still be exceeded. Wind 
turbines will be feathered during periods of high risk for collision with turbines. The 
seasonal and daily curtailment requirements will be determined by the USFWS based on 
the degree of curtailment necessary to reduce the future levels of estimated take to levels 
that will not exceed of the Plan Area-wide level of authorized take. 

The USFWS will provide written notification to the individual Permittees and the AIE of its 
determination that these responses are in effect. The written notice will include the data and 
results of the USFWS’s analyses supporting the determination. Depending on the USFWS’s 
determination, one or both of the responses will become effective 5 business days after receipt of 
the written notification.  

8.4.6 Discovery of a Covered Bat Species Maternity Colony in or 
 Within 2.5 Miles of a Covered Wind Energy Facility  

Nature of the Changed Circumstance 

Wind energy facilities may be located in or near covered bat species summer habitats. It can be 
reasonably anticipated over the term of the MWE that a covered bat species maternity colony 
could be discovered within 2.5 miles of wind turbines (the typical foraging distance of female 
bats from maternity roosts) after a wind energy facility that does not have summer take 
authorization for the applicable covered bat species has been constructed.  

Changed Circumstance Trigger 

Detection through monitoring of a reproductive female or young-of-the-year juvenile covered bat 
species fatality during the maternity season or the discovery of a covered bat species maternity 
colony within 2.5 miles of a wind turbine that does not have an existing summer take 
authorization will trigger this changed circumstance. 
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Planned Response 

If this changed circumstance is triggered, the affected individual Permittee/COI-holder will 
immediately implement the wind turbine cut-in speed restrictions for wind turbines that are 
located within 1,000 feet of forest habitat described in AMMs INBA1, NLEB1, or LBBA1, as 
applicable to the covered bat species (see Tables 5-4, 5-6, and 5-8, respectively). Affected 
individual Permittees will notify the USFWS and affected COI-holders will notify the USFWS 
and the AIE of the changed circumstance within 2 business days of its discovery. The USFWS 
will meet and confer with the affected individual Permittee and the AIE to confirm that the 
evidence indicating the likely presence of a maternity colony is compelling. If the USFWS 
determines that the preponderance of evidence indicates that a maternity colony is not likely 
present, the wind turbine cut-in restrictions described above will be rescinded and the affected 
wind turbines will resume operating under the applicable avoidance and minimization measure 
(AMM) cut-in speed restrictions.  

Based on the results of monitoring and EoA take estimates, if the presence of a maternity colony 
is likely to result in exceeding the level of take authorized for the facility over the term of the 
individual ITP/COI, the affected individual Permittee/COI-holder may request an increase in the 
authorized level of take as provided for in Section 7.3.3.1.3. 

8.4.7 Discovery of Piping Plover and Interior Least Tern Nesting 
within 1 Mile of a Covered Wind Energy Facility 

Nature of the Changed Circumstance 

Although known occupied interior least tern and piping plover breeding habitats are not located 
in the Covered Lands, it is possible over the term of an individual Permittee’s/COI-holder’s take 
authorization that interior least tern or piping plover nesting could be discovered in proximity to 
their wind energy facility. If least tern or piping plover nesting is documented, it is possible that 
the estimated level of take could exceed the amount of take provided for in the take 
authorization.  

Changed Circumstances Trigger 

The discovery of an interior least tern or piping plover nest within 1 mile of a wind turbine that is 
verified by the USFWS will trigger this changed circumstance. 

Planned Response 

If an interior least tern or piping plover nest is located within the boundary of the wind energy 
facility, all facility-related activities that could result in destruction of the nest or nest 
abandonment will be avoided within 500 feet of the nest site location from the time that the nest 
is located until the time the nest is abandoned. The activity avoidance zone of 500 feet may be 
reduced to account for site-specific conditions with concurrence of the USFWS (e.g., the 
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presence of a visual barrier separating the nest site from the activity location). The boundary of 
the nest site avoidance area will be clearly marked.  

Wind turbines within 1 mile of the discovered nest site will be feathered during daylight hours 
from the time the nest site is discovered until October 1. The individual Permittee/COI-holder 
may choose to monitor the nest site using methods approved by the USFWS. Wind turbines 
within 1 mile of the nest site may resume operation if monitoring results demonstrate, with the 
concurrence of the USFWS, that the flight behavior of the birds is such that individuals are not at 
risk for collision with wind turbines. In the 2 years following the discovery of a nest, wind 
turbines within 1 mile of discovered nest site will be feathered during daylight hours from June 1 
through October 1. The individual Permittee/COI-holder will conduct surveys to locate nest sites 
within 1 mile of wind turbines using methods approved by the USFWS. Normal turbine 
operations may resume if survey results indicate, with the concurrence of the USFWS, that nest 
sites are not present within 1 mile of wind turbines. If survey results indicate that no nesting is 
occurring within 1 mile of wind turbines for 2 consecutive years, nesting interior least terns or 
piping plovers will be assumed to be absent from the wind energy facility and normal wind 
turbine operations will resume.  

If an interior least tern or piping plover nest site is located within 1 mile of wind turbines and 
take of piping plover or interior least tern is not authorized, the individual Permittee/COI-holder 
may request a minor amendment to the take authorization to provide for take of the species (see 
Sections 8.6.2.1). Monitoring and AMM requirements associated with an amended take 
authorization will supersede the provisions of this changed circumstance. 

8.5 DURATION AND RENEWAL OF THE MWE AND TAKE 
AUTHORIZATIONS 

As described in Section 1.5, the duration of the MWE is 45 years. Proposed wind energy 
facilities may apply for and receive a take authorization only during the first 15 years of MWE 
implementation and existing wind energy facilities may only enroll during the first 5 years of the 
MWE implementation. The term of take authorizations issued under the MWE is 30 years, unless 
a shorter period is requested by the project proponent. For the renewal of an individual ITP, the 
individual Permittee must submit a permit renewal request such that the request is on file with 
the USFWS at least 30 days prior to the expiration of the individual ITP.18 An individual ITP is 
eligible for renewal if (1) the MWE is still in effect, (2) the renewal is limited to the remaining 
take authorized under the individual ITP, or if (3) the renewal requests additional take of a 
covered bat species, Kirtland’s warbler, and/or bald eagle in addition to that initially authorized 
under the ITP and there is sufficient take available under the MWE to meet the take request, and 
(4) the renewal meets the USFWS evaluation requirements for individual ITPs described in 
Section 9.4.1.3. Renewals of individual ITPs will only be granted for a duration that does not 

                                                 
18See 50 CFR §13.22 and the Habitat Conservation Planning Handbook pages 6-29 to 6-30 (USFWS and NMFS 
1996) for a description of the permit renewal requirements and process.  
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exceed the remaining term of the MWE. COIs may be renewed using the same process as for 
ITPs, except that the COI renewal requests must be submitted by the AIE to the USFWS for a 
consistency review as described in Section 9.4.2.3.  

8.6 CHANGES AND AMENDMENTS TO THE MWE AND TAKE 
AUTHORIZATIONS 

This section describes the processes through which changes may be made to the MWE and to 
take authorizations over the term of the MWE. 

8.6.1 Changes to the MWE and Take Authorizations that Do Not 
 Require a Minor or Major Amendment 

The USFWS may make changes to the MWE that do not require a minor or major amendment 
(see Sections 8.6.2 and 8.6.3). Such changes do not result in any changes to the take analysis, the 
Conservation Plan (Chapter 5), or decision documents. Examples of changes include, but are not 
limited to, the following:  

• Corrections of errors in the MWE text that do not change the intended meaning or 
obligations and 

• Transfer of an ITP or COI to a new individual Permittee or COI-holder (see 
Section 9.4.3).  

The USFWS will notify in writing individual Permittees and the AIE of any corrections of errors 
to the MWE within 5 business days of making the correction.  

8.6.2 Minor Amendments  

Minor amendments are changes to the MWE and take authorizations that do not require a major 
amendment, but do require pre-approval by the USFWS. The Habitat Conservation Planning 
Handbook (USFWS and NMFS 1996) provides the following guidance for minor amendments to 
HCPs and permits:19 

The [habitat conservation plan] HCP can also be amended administratively without 
formal amendment of the permit itself. This type of expedited amendment procedure 
is encouraged, but only when: (1) the amendment has the unanimous consent of the 
permittee and [US]FWS or [National Marine Fisheries Service]; (2) the original HCP 
established specific procedures for incorporating minor amendments so that the 
public had an opportunity to comment on the process, and such amendments are 
consistent with those procedures; (3) the HCP defines what types of amendments are 
considered minor; (4) a written record of any such amendments is prepared; and (5) 

                                                 
19 Page 3-33 in the Habitat Conservation Planning Handbook (USFWS and NMFS 1996). 
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the net effect on the species involved and level of take resulting from the amendment 
is not significantly different than analyzed under the original HCP and the Service’s 
decision documents. 

Minor amendments may be necessary to respond appropriately to new information, scientific 
understanding, technological advances, and other such circumstances. Minor amendments to the 
MWE may be proposed by individual Permittees, the AIE, and the USFWS. Requests for a 
minor amendment may also be raised through the comprehensive MWE implementation status 
review process described in Section 9.12.  

Minor amendments may be made to the elements of the MWE described below only with the 
agreement of USFWS, individual Permittees, and the AIE. Minor amendments to the MWE, as 
applicable, will trigger a minor amendment to the individual ITPs and the Master Permit. 
Individual Permittees and the AIE may request a minor amendment to their individual ITP or to 
the Master Permit, respectively, if the proposed revision does not result in a change to the MWE. 
Minor amendments to individual ITPs or the Master Permit require the agreement of the USFWS 
and the individual Permittee or the AIE, as applicable to the take authorization. Minor 
amendments are implemented administratively and are primarily expected to address the need for 
technical updates. Minor amendments are limited to changes that would not adversely affect 
Covered Species, the level of Plan Area-wide take or impacts of take on the Covered Species, or 
the MWE obligations of the individual Permittees and the AIE.  

Examples of changes that, depending on the nature of the requested change could be 
implemented as a minor amendment include, but are not limited to: 

• Changes to survey, monitoring, reporting, and/or management protocols described in 
Chapters 5 and 7; 

• Modification of existing or adoption of alternative AMMs and best management practices 
that improve the likelihood of achieving Covered Species objectives and adaptive 
management (see Chapter 7) provisions of the MWE; 

• Revisions to the mitigation site selection criteria described in Section 5.1.4.2. 

• Revisions to or replacement of methods used to determine the level of requested take (see 
Section 9.4.4); 

• Modifications to or the replacement of the EoA methodology for estimating take of 
covered bat species and bald eagle based on operations effectiveness monitoring; 

• Updates and corrections to the vegetation or other resource maps, species occurrence 
data, and other biological data;  

• Increases in the level of interior least tern, Northern Great Plains Population piping 
plover, and bald eagle take authorized under individual ITPs and COIs per the adaptive 
management actions described in Sections 7.3.3.3 and 7.3.3.5; 
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• The addition of Indiana bat, Kirtland’s warbler, interior least tern, Great Lakes 
Population piping plover, and/or Northern Great Plains Population piping plover to an 
individual ITP or COI in the event of a changed circumstance (see Sections 8.4.3.2 and 
8.4.7) and if sufficient unallocated take is available under the MWE;  

• Revisions to or adoption of new Covered Species REA models; 

• The adoption of alternate mitigation methods;  

• Revisions to or adoption of new adaptive management actions and changed 
circumstances planned responses; 

• Extension of the MWE enrollment period for existing wind energy facilities as described 
in Section 9.3.2;  

• Changes to the habitat mitigation stacking ratios described in Section 5.1.4.1; and 

• Annual Compliance Report format and content (see Section 9.10.1). 

8.6.2.1 Minor Amendments to the MWE 

The individual Permittees, the USFWS, and the AIE may propose minor amendments to the 
MWE by providing a written notice to the other parties. The notice will include (1) a description 
of the proposed change; (2) an explanation of the reason for the proposed change; (3) an analysis 
of the effects of the change on MWE implementation and the Covered Species; and (4) a 
description of why the effects of the proposed change would not differ from the biological 
impacts described in the MWE and not conflict with the terms and conditions of the MWE. If the 
individual Permittees, USFWS, and the AIE concur with the proposed change and the proposed 
change satisfies the Habitat Conservation Planning Handbook (USFWS and NMFS 1996) 
criteria described above for implementing a minor amendment, the proposed change will be 
authorized and implemented.  

The USFWS, individual Permittees, and the AIE will use reasonable efforts to respond to 
requests for a minor amendment to the MWE within 60 days of receipt of such notice. Approved 
minor amendments will become effective upon written notice from the USFWS to the individual 
Permittees and the AIE. If for any reason the USFWS, an individual Permittee, or the AIE 
objects to a proposed minor amendment and a resolution cannot be reached, the proposed 
amendment will either be withdrawn or the proposed amendment must be processed as a major 
amendment to the MWE in accordance with the provisions of Section 8.6.3. 

8.6.2.2 Minor Amendments to Individual ITPs and COIs 

Individual ITPs and the AIE’s Master Permit will automatically be amended to reflect minor 
amendments to the MWE in instances where the minor amendment affects the permit conditions 
of ITPs. Affected ITPs and the Master Permit will also be automatically amended by the USFWS 
in instances where the provisions of an adaptive management action or changed circumstance 
requiring a minor amendment has been triggered (see Sections 7.3.3.1.2, 7.3.3.1.3, 7.3.3.3, 
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7.3.3.5, 8.4.3.2, 8.4.6, and 8.4.7). The AIE will be responsible for implementing any applicable 
modifications to all affected COIs that stem from an amendment to the Master Permit. Within 5 
business days of modifying the COIs, the AIE will provide written notice to the USFWS 
describing the modification and which COIs have been modified.  

Over the term of the MWE, other instances may arise that warrant a minor amendment to an 
individual ITP or the Master Permit, but not to the MWE. The USFWS and individual Permittees 
may propose minor amendments to their individual ITPs and the USFWS and the AIE may 
propose minor amendments to the AIE’s Master Permit.  

Minor amendments to an individual ITP or the Master Permit may only be implemented if 
agreed to by the USFWS and the individual Permittee or the AIE, as applicable to the request. 
Minor amendments may be proposed by an individual Permittee or AIE to an individual ITP or 
the Master Permit, respectively, by providing a written notice to the USFWS. The USFWS may 
propose a minor amendment to an individual ITP or the Master Permit by providing written 
notice to the individual Permittee or the AIE, respectively. The notice will include the 
information requirements described for minor amendments to the MWE in Section 8.6.2.1 that 
are relevant to amending an individual ITP or the Master Permit and a description why the 
proposed change does not substantively differ from the conditions at the time the take 
authorization was issued. Upon receiving a proposal for a minor amendment, the USFWS may 
authorize the amendment, request additional information, or deny the amendment. The USFWS 
and the individual Permittee or AIE, as applicable to the amendment request, will use all 
reasonable efforts to respond to a proposed minor amendment within 60 days of receipt of such 
notice. If a proposed amendment is approved by the USFWS and the individual Permittee or AIE 
as applicable to the request, the proposed amendment will become effective upon written 
approval of the USFWS.  

8.6.3 Major Amendments 

Over the term of the MWE, it may be necessary to substantially amend the MWE to address new 
conditions not envisioned during the MWE planning process. Major amendments may be 
proposed by an individual Permittee, the USFWS, or the AIE. Such instances are expected to be 
infrequent or may not occur over the term of the MWE. Any proposed changes to the MWE that 
cannot be implemented under the provisions of Sections 8.6.1 and 8.6.2 will require a major 
amendment to the MWE. Major amendments may also require corresponding amendments to 
individual ITPs and the Master Permit issued under the MWE.20 Examples of proposed changes 
to the MWE that are anticipated to require a major amendment include, but are not limited to: 

• Revisions to the Plan Area boundary or Covered Lands; 

• The addition of a Covered Species; 

• Minor amendments that are not approved by the USFWS; 
                                                 
20 Page 3-32 and 3-33 in the Habitat Conservation Planning Handbook (USFWS and NMFS 1996). 
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• Increases in the Plan Area-wide take limits; 

• Additions or modifications to the Covered Activities; 

• Changes to the biological goals and objectives; and 

• Extension of the term of the MWE. 

The major amendment process would include preparation of a revised MWE, a permit 
application form, any required fees, and the required compliance documents under National 
Environmental Policy Act (NEPA) and section 7 of the ESA. The appropriate NEPA compliance 
process will depend on the nature of the proposed amendment. A new NEPA scoping process 
may also be required depending upon the nature of the amendment. If additional scoping is 
deemed appropriate and necessary, the USFWS will publish a notice of intent in the Federal 
Register to initiate the scoping process.21 Upon submission of a completed application package, 
the USFWS will publish a notice of availability of the proposed application in the Federal 
Register, initiating the NEPA and HCP amendment review process. After public comment, the 
USFWS may approve or deny the permit amendment application.  

8.7 PERMIT SUSPENSION, REVOCATION, OR SURRENDER  
The USFWS has the ability in accordance with applicable federal law22 to suspend all or part of 
or revoke all or part of an individual Permittee’s ITP and the AIE’s Master Permit in the event 
that the individual Permittee or the AIE is out of compliance with the individual ITP or the 
Master Permit, respectively.23 The AIE has the responsibility and authority to suspend or revoke 
COIs for non-compliance. The USFWS also retains the authority to suspend or revoke a COI for 
non-compliance by the COI-holder with its Participation Agreement with the AIE and its COI. 
Any suspension or revocation of an individual COI will not affect any other COIs issued by the 
AIE under the Master Permit.  

Individual ITPs and COIs may also be voluntarily surrendered by individual Permittees/COI-
holders. The USFWS also has the ability to suspend all or part of individual ITPs and the Master 
Permit or to revoke individual ITPs and the Master Permit if continuation of the Covered 
Activities appreciably reduces the likelihood of the survival and recovery of a Covered Species 
in the wild.24 If such a situation arises, the USFWS will notify the individual Permittees and the 
AIE of the actions that must be implemented, if any, within 14 calendar days of the notification 
to prevent jeopardy to the listed species and maintain the permits. If an individual ITP or the 
Master Permit is revoked or surrendered, the individual Permittee and the AIE, respectively, 
have the obligation to fulfill all outstanding mitigation requirements for take of a Covered 
Species that has actually occurred, including, but not limited to, managing and monitoring the 

                                                 
21 40 C.F.R. § 1501.7. 
22 50 CFR 13.27, 50 CFR 13.28, 50 CFR§17.22(b)(8), and 50 CFR§17.32(b)(8). 
23 See 50 CFR 13.27(a) and 50 CFR 13.28(a) for a description of permit suspension and revocation criteria, 
respectively. 
24 50 CFR §§13.28–13.29, 50 CFR§17.22(b)(8) and §17.32(b)(8). 
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mitigation sites for any take of Covered Species that occurs prior to the revocation or surrender. 
If an individual ITP or the Master Permit is revoked or suspended, the individual Permittee and 
AIE, respectively, may request reconsideration by the USFWS within 45 calendar days of the 
suspension or revocation.25  

                                                 
25 50 CFR 13.29. 
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CHAPTER 9. PLAN IMPLEMENTATION 

9.1 INTRODUCTION 
This chapter describes the Midwest Wind Energy Multi-Species Habitat Conservation Plan 
(MWE) implementation structure and responsibilities; eligibility requirements for project 
proponents to receive take authorizations under the MWE; the take authorization application and 
issuance process; mitigation procedures; the process for tracking take and implementation of 
mitigation; and compliance reporting requirements.  

9.2 IMPLEMENTATION STRUCTURE 
The MWE will be implemented by the U.S. Fish and Wildlife Service (USFWS) and the 
Administrative Implementing Entity (AIE) as the Master Permittee. The MWE also provides for 
the establishment of a Mitigation Implementing Entity (MIE) by the AIE. The MIE may be used 
by Certificate of Inclusion (COI)-holders or contracted by individual Permittees to implement 
their mitigation obligations.  

The MWE implementation structure is illustrated in Figure 9-1. The implementation 
responsibilities of the USFWS, AIE, and MIE are described in the following subsections. 

 

Figure 9-1. MWE Implementation Structure 
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9.2.1 U.S. Fish and Wildlife Service 
The USFWS will be responsible for processing the AIE’s application for a Master Permit, 
processing individual Incidental Take Permit (ITP) applications, and ensuring compliance of 
individual Permittees and the Master Permittee with the terms and conditions of the MWE and 
ITPs. These responsibilities include, but are not limited to, those described in Table 9-1. 

Table 9-1. USFWS MWE Implementation Responsibilities  
Responsibility MWE Section Reference 

Providing technical assistance to project proponents with preparation of 
ITP and COI applications 

Sections 9.4.1 and 9.4.2 

Reviewing ITP applications for consistency with the MWE and 
programmatic NEPA and section 7 analyses  

Section 9.4.1.3 

Issuing a Master Permit and individual ITPs Section 9.2.1 
Reviewing AIE COI requests and providing notice of an objection or 
non-objection to a COI application to the AIE  

Section 9.4.2.3 

Reviewing and approving proposed mitigation site acquisitions and 
Mitigation Site Plans  

Sections 9.7.2.1 and 9.7.2.2  

Reviewing AIE Annual Work Plans and Budgets  Section 9.5 
Reviewing and evaluating Annual Compliance Reports to confirm 
compliance with the MWE and take authorizations 

Section 9.10.1.  

Tracking the level of take issued to wind energy facilities Section 9.8 
Tracking implemented mitigation relative to mitigation schedules Sections 9.7.1  
Tracking take and mitigation Sections 9.8 and 9.9 
Tracking documented fatalities of Covered Species and other native 
wildlife species  

Sections 9.8 and 9.10.2 

Tracking compliance with funding assurances requirements Sections 8.2.1.3, 8.2.2, 
8.2.3.5, and 9.4.1, 

Enforcement of the provisions of the Master Permit and ITPs Sections 8.7and 9.11 
Reviewing and evaluating notifications by individual Permittees and the 
AIE of changed and unforeseen circumstances 

Sections 8.3, 8.4, and 9.10.3 

Reviewing individual Permittee, MIE, and COI-holder changed 
circumstances Event Evaluations and authorizing implementation of 
planned responses  

Section 8.4.2 

Initiating requests and responding to requests by individual Permittees 
and the AIE for minor and major amendments 

Section 8.6 

Responding to requests for ITP renewals Section 8.5 
Notifying the AIE of the amount of take authorized under individual ITPs 
as part of the AIE’s tracking of the take available for allocation under 
COIs 

Section 9.2.2 

Coordinating mitigation-related activities with the MIE over the term of 
the MWE as needed 

Sections 9.2.3 and 9.7.2.1 

Conferring with individual Permittees in the event of any noncompliance 
identified by an individual Permittee or the USFWS and approving 
actions that will be undertaken to become compliant 

Sections 9.10.4 and 9.10.5 

Conferring with the AIE in the event of any noncompliance of a COI-
holder identified by the AIE or the USFWS and approving actions that 
will be undertaken to become compliant 

Sections 9.10.4 and 9.10.5 
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Responsibility MWE Section Reference 
Conferring with the AIE and individual Permittees over the term of the 
MWE as needed 

Not applicable 

Coordinating with state wildlife agencies over the term of the MWE as 
needed 

Not applicable 

AIE=Administrative Implementing Entity, COI=Certificate of Inclusion, ESA= Endangered Species Act, ITP=Incidental 
Take Permit, MWE=Midwest Wind Energy Multi-Species Habitat Conservation Plan, NEPA=National Environmental 
Policy Act.  

It is anticipated that the USFWS will establish a MWE Coordinator position in its Region 3 
Office located in Bloomington, MN. The funding for the MWE Coordinator will be provided by 
the AIE through a Service Reimbursable Agreement with the USFWS (see Section 8.2.1.1). 
Individual Permittees will pay a MWE Coordinator fee to the AIE for their share of the MWE 
Coordinator position service costs as described in Section 8.2.1.2.3. The MWE Coordinator will 
be directly responsible for coordinating the USFWS’s Plan Area-wide implementation of the 
MWE with project proponents applying for a take authorization, individual Permittees, the AIE, 
COI-holders, the MIE, and USFWS Plan Area Field Offices.  

9.2.2 Administrative Implementing Entity (Master Permittee) 

Under the MWE Master Permittee structure (see Section 1.4), wind energy companies that 
participated in the development of the MWE intend to establish an AIE to serve as the Master 
Permittee. When established, the AIE may submit its ITP application for a Master Permit to the 
USFWS. It is anticipated that the AIE will be established prior to the MWE becoming effective 
(see Section 1.5), although the AIE may submit its ITP application at any time during the first 
15 years of MWE implementation (i.e., the MWE enrollment period for proposed wind energy 
facilities). The responsibilities of a MWE Master Permittee include, but are not limited to, those 
described in Table 9-2. The bylaws governing the AIE’s structure, financing, operations, and 
responsibilities of the AIE must be submitted to the USFWS for review with or prior to the 
AIE’s submittal of its application for a Master Permit. The following provides a summary 
description of the AIE as currently proposed by the participating wind energy companies.  

The AIE will be established as a corporation and will be the entity to which the Master Permit is 
issued. The AIE will be comprised of a five-person Board. Three members of the Board will be 
held by representatives from wind energy companies and two members will be representatives of 
conservation and other interests that have experience with wind energy conservation-related 
issues. All members must have familiarity with the wind energy industry in the Plan Area and 
the Endangered Species Act (ESA). Upon establishment, the Board’s chair will serve for an 
initial period of 3 years, two members will serve for 2 years, and two members will serve for 
1 year. Thereafter, Board members will serve staggered 3 year terms. As terms expire, the Board 
will be responsible for designating replacement members. The Board’s primary responsibility 
will be fiduciary including, but not limited to, managing Board expenditures; ensuring an 
adequate funding stream is maintained to support all AIE functions; periodically reviewing COI 
Application, Permit Administration, MWE Coordinator, and Service Fees (see Section 8.2.1.2), 
and approving adjustments in fees; and participating in the resolution of any disputes regarding 
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the issuance and enforcement of COIs that may arise among the Board, COI-holders, and the 
USFWS. At a minimum, the Board will meet annually to review finances and audits. The Board 
may choose to meet more frequently as needed over the term of the MWE. 

It is anticipated that the AIE structure will include the establishment of an Executive Director 
responsible for the day to day AIE administrative and MWE implementation functions (see 
Table 9-2). In addition, the Executive Director will be responsible for contracting technical 
services (e.g., legal, biological, Geographic Information System [GIS], financial) as needed over 
the term of the Master Permit. It is expected that the degree of technical expertise required will 
fluctuate over the term of the Master Permit1. Funding sources and assurances for the AIE are 
described in Section 8.2.1.  

The USFWS will issue an ITP to the AIE as the Master Permittee if it (1) finds that the ITP 
application meets the applicable general and specific permit issuance criteria (see Section 1.8.1), 
(2) finds that the ITP application is consistent with the requirements of the MWE National 
Environmental Policy Act (NEPA) Record of Decision, the ESA biological opinion, and all other 
associated decision documents, and (3) finds that the bylaws of the AIE are sufficient to provide 
for effective discharge all of the responsibilities described in Table 9-2 and provide for sufficient 
representation on the AIE Board from outside the wind energy industry. 

As the Master Permittee, the AIE must maintain compliance with the applicable requirements of 
the MWE and the Master Permit. The AIE is also responsible for enforcing each COI-holder’s 
compliance with the applicable requirements of the MWE, the MWE, its COI, and its 
Participation Agreement (see Section 9.11). The Participation Agreement will have a choice of 
law provision in which a particular state will be identified for all participants. The state selected 
must have the concurrence of the USFWS. The AIE’s enforcement, as the Master Permittee, of 
COI-holder compliance with the its obligations will be through the contract law for the selected 
state. 

  

                                                 
1 For example, the requirements for technical expertise are expected to be greater during the COI enrollment period (i.e., the first 
15 years of MWE implementation) to address COI application consistency reviews (see Section 9.4.2). 
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Table 9-2. AIE MWE Implementation Responsibilities  
Responsibility MWE Section Reference 

Conducting periodic AIE Board meetings, travel, and operations  Section 9.2.2 
Hiring and management of AIE staff  Section 9.2.2 
Collecting COI Request and Permit Administration Fees from project 
proponents requesting a COI and COI-holders 

Sections 8.2.1.2 and 9.4.2 

Collecting MWE Coordinator and Service Fees from individual Permittees Section 8.2.1.2.3 
Signing Participation Agreements with and granting COIs Section 9.4.2 
Tracking COI-holder implemented mitigation and COI mitigation implemented 
by the MIE relative to mitigation schedules 

Section 9.7.1 

Tracking allocation of take among COI participants. The USFWS will notify the 
Master Permittee of the amount of take that has been allocated to individual 
Permittees within 2 business days of issuing an ITP. 

Section 9.8 

Tracking COI-holder compliance with funding assurances requirements Sections 8.2.2, 8.2.3.4, and 
9.4.2, 

Enforcement of the provisions of COIs and COI Participation Agreements  Section 9.11 
Enforcement of the provisions of the AIE’s contract with the MIE Section 9.2.3 
Contracting with and oversight of AIE consultants  Section 9.2.2 
Conducting periodic review of and adjustments to AIE COI Request Permit 
Administration Fees, and MWE Coordinator and Service Fees 

Section 8.2.1.2 

Maintaining a GIS database of the location of all wind energy facilities that have 
been issued a COI  

Not applicable 

Preparing and submitting Annual Work Plans and Budgets to the USFWS and 
COI-holders  

Section 9.5.2 

Providing AIE funding assurances to the USFWS in accordance with the 
funding assurances schedule 

Section 8.2.1.3 

Receiving and monitoring COI-holder mitigation funding assurances Section 8.2.3.5.3 

Reviewing and approving MIE Annual Work Plans and Budgets  Section 9.5.1 

Providing COI requests and results of the AIE’s request review to the USFWS 
for its consistency review 

Section 9.4.2.3 

Reviewing MIE and COI-holder Annual Compliance Reports to document 
compliance with terms of the COI and any applicable adaptive management 
requirements  

Section 9.10.1 

Preparing and submitting the AIE Annual Compliance Report to the USFWS Section 9.10.1 
Reviewing MIE COI-holder- related and COI-holder changed circumstances 
Event Evaluations  

Section 8.4.2 and 9.10.3 

Reviewing and approving adjustments to MIE mitigation fees Section 8.2.3.2.2 
Enforcing COI-holder compliance with provisions of Participation Agreements 
and COIs and suspending or revoking COIs 

Sections 8.7 and 9.11 

Notifying the MIE and COI-holders implementing mitigation of a determination 
by the USFWS that a planned response must be implemented in COI-holder 
mitigation sites to address a changed circumstance 

Section 8.4.2 

Coordinating mitigation-related activities with the MIE over the term of the MWE 
as needed 

Not applicable 

Notifying the USFWS of any instances of noncompliance by a COI-holder with 
the terms of its COI or the MWE  

Section 9.11 

Initiating and responding to requests for minor and major amendments to the 
MWE and the Master Permit  

Section 8.6 

Conducting comprehensive MWE implementation reviews Section 9.12 
AIE=Administrative Implementing Entity, COI=Certificate of Inclusion, ESA=Endangered Species Act, ITP=Incidental Take Permit, 
MWE=Midwest Wind Energy Multi-Species Habitat Conservation Plan, NEPA=National Environmental Policy Act. 
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9.2.3 Mitigation Implementing Entity 

 If established, the MIE will be contractually responsible to the AIE for implementing all off-site 
mitigation requirements for COI-holders that choose to implement their mitigation through the 
MIE. Individual Permittees that wish to use the MIE will enter into separate contracts directly 
with the MIE to implement mitigation on their behalf. The MIE may be a profit or a not-for-
profit entity. The AIE’s contract with the MIE will include provisions approved by the USFWS 
for remedying any failure of the MIE to fulfill its mitigation responsibilities, including 
termination of the MIE. Should the MIE not meet its contract obligations and the contract 
remedies prove inadequate to address the failure, the applicable individual Permittees and the 
AIE on behalf of applicable COI-holders will be responsible for implementing any shortfall in 
mitigation requirements resulting from the failure. Termination of the MIE over the term of the 
MWE will trigger the changed circumstance described in Section 8.4.2.6. The responsibilities of 
the MIE include, but are not limited to, those described in Table 9-3. 

Table 9-3. MIE MWE Mitigation Responsibilities  

Responsibility 
MWE Section 

Reference 
Establishing and collecting MIE mitigation fees from COI-holders Section 8.2.3.2 
Entering into contracts with individual Permittees to implement mitigation on 
their behalf 

Section 9.7 

Periodically reviewing and making adjustments to mitigation fees Section 8.2.3.2.2 
Preparing and submitting Annual Work Plans and Budgets to the AIE  Section 9.5.1 
Identifying and acquiring mitigation sites  Section 9.7.2.1 
Implementing habitat restoration activities and managing and maintaining 
mitigation sites 

Sections 5.2.3, 5.3.3, 
and 5.4.3  

Tracking mitigation sites and expenditures Sections 9.5.1 and 
9.10.1 

Implementing monitoring requirements in MIE mitigation sites  Section 7.4 
Transferring mitigation land and conservation easements to a third party that 
assumes the responsibilities of the MIE with concurrence of the USFWS 

Sections 9.7.2.4 and 
9.7.3 

Monitoring and enforcing the terms and conditions of mitigation site 
conservation easements 

Section 9.7.2.4 

Preparing Mitigation Site Plans for submittal to the USFWS  Section 9.7.2.1 
Conducting and preparing mitigation baseline survey reports Sections 5.2, 5.3, and 

5.4 
Providing environmental compliance and permitting for habitat restoration 
mitigation projects (e.g., section 404 of the Clean Water Act) 

Section 8.2.3.2 

Developing and managing a mitigation site tracking, monitoring, and 
management database 

Not applicable 

Participating in periodic reviews of MWE procedures with the USFWS, AIE, 
and individual Permittees  

Section 9.12 

Monitoring for and preparing Event Evaluations to document occurrences of 
changed circumstances in MIE mitigation sites 

Sections 7.4.1.4 and 
8.4.2 

Implementing approved planned responses to changed circumstances Section 8.4.2 
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Responsibility 
MWE Section 

Reference 
Reporting potential occurrences of an unforeseen or changed circumstance in 
MIE mitigation sites to the USFWS and AIE, as applicable 

Sections 8.4.2, 9.10.1 
and 9.10.3 

Reporting the actuation of an adaptive management trigger and implemented 
adaptive management actions 

Section 7.4.3 

Conducting ongoing coordination with federal, state, and local jurisdictions, 
and adjacent landowners 

Not applicable 

Ongoing coordination as needed with the USFWS, AIE, and individual 
Permittees that have contracted with the MIE over the term of the MWE 

Not applicable 

AIE=Administrative Implementing Entity, MIE=Mitigation Implementing Entity, MWE=Midwest Wind Energy Multi-Species Habitat 
Conservation Plan, USFWS=U.S. Fish and Wildlife Service. 

9.3 ELIGIBILITY STANDARDS  
This section describes the eligibility requirements for project proponents seeking take 
authorization for new and existing wind energy facilities under the MWE. Compliance with these 
MWE eligibility requirements and conditions does not absolve project proponents from 
compliance with all other applicable laws and regulations (e.g., see Section 1.8). 

9.3.1 Proposed Wind Energy Facilities 

Proposed wind energy facilities are only eligible to apply for an individual ITP or request a COI 
during the first 15 years of MWE implementation (see Section 1.5) to receive a take 
authorization for up to 30 years. A proposed wind energy facility is defined as any wind energy 
facility that does not meet the definition of an existing facility under Section 9.3.2 and is under 
development. If a wind facility is under development before the MWE has become effective and 
intends to enroll in the MWE, the project proponent must submit a letter of intent to the USFWS 
stating the intent to enroll in the MWE at the time it becomes effective and must be able to 
demonstrate that it has incorporated all of the MWE avoidance and minimization measures 
(AMMs) and best management practices (BMPs) into its site design. The planned future phases 
of an existing wind energy facility are considered proposed wind energy facilities and are subject 
to all MWE provisions that apply to proposed wind energy facilities. 

For proposed wind energy facilities to be eligible to apply for and receive take authorization 
under the MWE, all of the following eligibility requirements and conditions must be met.  

• The proposed wind energy facility must be a utility-scale commercial multi-turbine 
facility located within the Covered Lands indicated in Figure 1-4. 

• The actions to be undertaken by the proposed wind energy facility must be defined as 
Covered Activities in Chapter 2. 

• No clearing of occupied Covered Species habitat shall have occurred and no turbines 
shall have been erected prior to receipt of the take authorization. 
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• The proposed wind energy facility must request take of all covered species that have been 
determined to be at risk of take at the facility.  

• The project proponent must agree to implement all applicable MWE requirements (e.g., 
AMMs, mitigation, monitoring). 

• The project proponent must agree to meet all applicable MWE funding assurances 
requirements.  

The process for requesting coverage for new wind energy facilities is described in Sections 
9.4.1.1 and 9.4.2.1. Take authorizations for the Covered Species will be allocated for proposed 
wind energy facilities as described in Section 9.4.4. 

9.3.2 Existing Wind Energy Facilities 

Existing wind energy facilities are only eligible to enroll in the MWE and obtain a take 
authorization only during the first 5 years of MWE implementation (see Section 1.5). The 
USFWS may extend the eligibility period at the end of 5 years through a minor amendment 
pursuant to Section 8.6.2.1, but may not extend the eligibility period beyond the first 15 years of 
MWE implementation. The number of eligible existing Plan Area wind energy facilities that can 
participate in the MWE in not limited. An existing wind energy facility is defined as a facility 
with a Commercial Operation Date (i.e. the date the facility is fully commissioned and begins 
generating power to the electrical transmission grid) and is operating or proposes to operate such 
that there is the potential for incidental take of a Covered Species. 

Qualifying existing wind energy facilities are eligible to apply for and receive a take 
authorization only if the project proponent complies with all of the following requirements and 
conditions.  

• The existing wind energy facility must be a commercial multi-turbine facility located 
within the Covered Lands indicated in Figure 1-4. 

• The actions to be undertaken by the proposed wind energy facility must be defined as 
Covered Activities in Chapter 2. 

• To estimate the level of take to be requested in the ITP application or COI request, 
project proponents must conduct the Covered Species surveys or provide sufficient 
existing survey information approved by the USFWS that has been collected from the 
vicinity of the facility as described in Section 5.1.2.  

• The project proponents must agree to implement all applicable MWE requirements, 
including AMMs, mitigation, and monitoring requirements described in Chapters 5 and 7. 

• The project proponent must agree to meet all applicable MWE funding assurances 
requirements.  
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The process for existing wind energy facilities to receive a take authorization is described in 
Sections 9.4.1.2 and 9.4.2.2. Take authorizations for the Covered Species will be allocated for 
existing wind energy facilities as described in Section 9.4.4. 

9.3.3 Wind Energy Facilities Operating under an Existing Habitat 
Conservation Plan and Incidental Take Permit 

Existing wind energy facilities that operate under an existing ITP supported by an approved 
Habitat Conservation Plan (HCP) may apply for and receive separate MWE take authorization 
for Covered Species that are not included in the facility’s existing ITP. To be eligible, the project 
proponent must comply with same requirements and conditions described in Section 9.3.2 for 
existing wind energy facilities that do not operate under an existing ITP/HCP.  

To receive a MWE take authorization, the project proponent must continue complying with the 
terms and conditions of the existing ITP, including those that pertain to a MWE Covered 
Species, and must demonstrate consistency with MWE biological opinion and take authorization 
for the Covered Species that are not covered under the existing ITP for which coverage is being 
sought under the MWE. The Covered Activities must also be consistent with the MWE. Future 
mitigation for species covered under the existing ITP will be credited as mitigation for the 
species covered under the MWE take authorization only if the mitigation satisfies all of the 
MWE mitigation requirements for the Covered Species for which take is authorized. The process 
for existing wind energy facilities operating under existing HCPs to receive a separate take 
authorization under the MWE is described in Sections 9.4.1.2 and 9.4.2.2. 

9.4 PROCESS FOR MWE IMPLEMENTATION 
A take authorization will be issued to a project proponent once the USFWS has determined the 
ITP application is compliant with the requirements of the MWE or when the USFWS has 
reviewed and not objected to the AIE’s consistency review of COI applications. Following 
issuance of a take authorization, the individual Permittee/COI-holder may take the applicable 
Covered Species under the ESA section 10(a)(1)(B). Take associated with implementation of 
mitigation activities will be avoided and only individuals that have been issued applicable 
section 10(a)(1)(A) permits or are acting under the direction of the permittee will implement 
monitoring activities that could result in take (e.g., mist netting of federally listed bat species). 
The following sections describe the steps that must be taken by project proponents to receive 
take authorizations. 

9.4.1 Individual Take Permits 

Project proponents must coordinate preparation of ITP applications with the USFWS to ensure 
that surveys and analyses necessary to prepare “Facility-Specific Plans” (see Section 9.4.1.1) 
will meet MWE requirements. An individual ITP must request coverage for all Covered Species 
that could be taken by the wind energy facility, except as described in Section 9.3.3. Regardless 



Plan Implementation  Chapter 9 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 9-10 

of the results of the facility’s take assessment, proposed and existing wind energy facilities that 
are located in the states indicated in Table 9-4 are assumed to have the potential for take of 
interior least tern and/or piping plover and therefore must be included in the request for 
coverage.  

Table 9-4. States in Which Wind Energy Facilities are assumed to Have the 
Potential for Take of Interior Least Tern and Piping Plover 
Covered Species States1  

Interior least tern Iowa, Missouri 
Piping plover, Great Lakes Population Ohio, Indiana, Illinois, Wisconsin, Michigan 
Piping plover, Great Plains Population Plan Area-wide 
1States in which take authorization is required for these Covered Species is based on the states within their breeding 
range or through which they could migrate. 

9.4.1.1 Proposed Wind Energy Facilities 

ITP application procedures for proposed wind energy facilities include the following.  

1. The project proponent notifies the USFWS of its intent to apply for an ITP. The USFWS 
provides the project proponent with the ITP application requirements and preparation 
guidance, including NEPA consistency requirements.2  

2. The project proponent conducts all pre-construction surveys that are applicable to the 
Covered Species for which take authorization is being requested (see Section 5.1.2). 
Project proponents should coordinate with the USFWS to determine the applicable MWE 
survey requirements and acceptable survey methods. Survey methods guidance is 
provided in Appendix G. 

3. In coordination with the USFWS, the project proponent prepares a Facility-Specific Plan 
containing the following information in conformance with the requirements of the MWE. 
Project proponents must coordinate with the USFWS to prepare the Facility-Specific Plan. 

• A description of the Covered Activities, including the megawatt (MW) capacity; the 
proposed facility location and boundary map; and a description of and GIS data layer 
(accurate to within 3 meters [m]) showing the number, type, and proposed locations 
of wind turbines, buildings, operational facilities, roads, supporting infrastructure, and 
any other appurtenant facilities. 

• A list of the Covered Species for which coverage is required (i.e., Covered Species 
for which there is a potential for take). 

• A description and results of Covered Species surveys and habitat assessments 
conducted in accordance with the survey requirements in Section 5.1.2. 

                                                 
2 These requirements are described in the MWE Programmatic Environmental Impact Statement. 
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• The methods and results of a take analysis (1) documenting the acreage of each 
Covered Species habitat that will be removed by facility construction and (2) 
documenting the estimated level of annual and cumulative operations-related take of 
each Covered Species over the requested term of the ITP. Project proponents must 
coordinate with the USFWS to prepare the take analysis. 

o The requested operations-related levels of take for each Covered Species will be 
determined using the methods described in Section 9.4.4.1 based on the most current 
available information.  

o Take estimates will include the requested take by season and sex for the covered 
bat species.  

o Methods and results of an analysis of the impacts of the (1) requested take of each 
covered bat species on maternity colonies and hibernacula, and (2) requested take 
of bald eagle on bald eagle Local Area Populations and Important Eagle Use 
Areas. Methods to conduct these analyses must be approved by the USFWS. 

• A description of the Covered Species proposed mitigation determined in accordance 
with the procedures described in Section 9.4.5. 

• Identification of AMMs described in Sections 5.1.3.1, 5.5.2, and 5.8.2 that will be 
implemented. Documentation must be provided that demonstrates how the design, 
siting, and construction-related AMMs have been addressed in facility siting and 
construction plans. 

• A description of the operations-related AMMs that will be implemented (see 
Sections 5.2.2, 5.3.2, 5.4.2, and 5.5.2).  

• A description of the BMPs described in Section 5.1.3.3 that will be implemented and 
a description of why any of the BMP requirements are not proposed to be 
implemented. 

• A description of the monitoring to be implemented in accordance with the applicable 
monitoring requirements in Sections 7.2, 7.3, and 7.4, including methods used to 
determine carcass persistence in support of conducting operations effectiveness 
monitoring.  

• A description of how all necessary funds will be assured and provided in accordance 
with the applicable provisions of Sections 8.2.2 and 8.2.3. 

• Results of a review of the Facility-Specific Plan confirming consistency with the 
MWE programmatic ESA section 7 analysis. 

4. The project proponent submits the ITP application, a letter prepared by a qualified 
consultant confirming that the methods used to estimate take are consistent with the 
methods described in this section, the completed NEPA consistency checklist (see 
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Appendix H of the MWE Environmental Impact Statement [EIS]), and the ITP application 
processing fee to the USFWS. The application fee is non-refundable.3 

9.4.1.2 Existing Wind Energy Facilities 

To receive an individual ITP for an existing facility, project proponents must provide the 
information required in this section. These procedures are generally the same as described for 
proposed wind energy facilities in Section 9.4.1.1, except that designing, siting, and 
construction-related AMMs and associated pre-construction survey requirements do not apply to 
pre-existing infrastructure. Individual ITP applications for future phases of an existing facility 
are considered to be new facilities and must comply with the requirements of Section 9.4.1.1. 

1. The project proponent notifies the USFWS of its intent to apply for an ITP. The USFWS 
provides the project proponent with the ITP application requirements and preparation 
guidance.  

2. The project proponent conducts presence/absence surveys during the summer to 
determine if covered bat species maternity colonies are present within or near the wind 
energy facility (see survey requirements in Section 5.1.2). Surveys are not required, with 
the approval of USFWS, if sufficient existing data collected within the previous 5 years is 
available to confirm the presence or absence of covered bat species maternity colonies in 
the vicinity of the wind energy facility. Project proponents should coordinate with the 
USFWS to determine the applicable MWE survey requirements and acceptable survey 
methods. Survey methods guidance is provided in Appendix G.  

3. In coordination with the USFWS, the project proponent prepares a Facility-Specific Plan 
containing the following information in conformance with the requirements of the MWE. 
Project proponents should coordinate with the USFWS to prepare the Facility-Specific 
Plan. 

• A description of the Covered Activities, including the MW capacity; the facility 
location and boundary map; and a description of and GIS data layer (accurate to 
within 3 m) showing the number, type, and locations of wind turbines, buildings, 
operational facilities, roads, supporting infrastructure, and any other appurtenant 
facilities. 

• A list of the Covered Species for which coverage is required (i.e., Covered Species 
for which there is a potential for take). 

• A description and results of Covered Species surveys and habitat assessments 
conducted in accordance with the applicable survey requirements in Section 5.1.2. 

                                                 
3 50 CFR §13.11. 
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• The methods and results of a take analysis documenting the estimated level of annual 
and cumulative operations-related take of each Covered Species over the requested 
term of the ITP.  

o The requested operations-related levels of take for each Covered Species will be 
determined using the methods described in Section 9.4.4.2 based on the most 
current available information.  

o Take estimates will include the requested take by season and sex for the covered 
bat species.  

• Methods and results of an analysis of the impacts of the (1) estimated take of each 
covered bat species on maternity colonies and hibernacula, and (2) of the estimated 
take of bald eagle on bald eagle Local Area Populations and Important Eagle Use 
Areas. Methods to conduct these analyses must be approved by the USFWS. 

• A description of the Covered Species proposed mitigation determined in accordance 
with the procedures described in Section 9.4.5. 

• A description of the operations-related AMMs that will be implemented (see 
Sections 5.2.2, 5.3.2, 5.4.2, and 5.5.2).  

• A description of the BMPs described in Section 5.1.1.3 that will be implemented and 
a description of why any of the BMP requirements are not proposed to be 
implemented. 

• A description of the monitoring to be implemented in accordance with the applicable 
monitoring requirements in Sections 7.3, and 7.4.  

• A description of how all necessary funds will be assured and provided in accordance 
with the applicable provisions of Sections 8.2.2 and 8.2.3. 

• Results of a review of the Facility-Specific Plan confirming the Plan’s consistency 
with the MWE programmatic ESA section 7 analysis. 

5. The project proponent submits the ITP application, a letter prepared by a qualified 
consultant confirming that the methods used to estimate take are consistent with the 
methods described in this section, and the ITP application processing fee to the USFWS. 
The application fee is non-refundable.4 

  

                                                 
4 50 CFR §13.11. 
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9.4.1.3 Approval of ITP Applications 

The following describes the process for the USFWS’s issuance of a MWE ITP. 

1. The USFWS will conduct the following evaluation of the ITP application and MWE 
EIS consistency checklist (see Appendix H of the MWE EIS). 

a. General. The USFWS will evaluation the ITP application to confirm that: 

•  All of the required ITP application information described in Section 9.4.1.1 
or 9.4.1.2, as applicable, has been provided, including an evaluation of the 
methods, data, and analyses conducted to estimate the level of take for each 
Covered Species and impacts on occupied habitat.  

• Take of all federally listed non-covered species will be avoided or take of any 
listed non-covered species is covered under a separate ITP. 

• The NEPA consistency checklist and the ESA section 7 consistency reviews 
have been appropriately completed. Per the USFWS’s Final General 
Conservation Plan Policy (USFWS 2007c), any analyses conducted by the 
USFWS that are necessary to make this determination will not trigger any 
additional ESA and NEPA public review processes.  

• Sufficient take is available under the MWE to meet the requested level of 
take. 

b. Covered Bat Species. The USFWS will evaluate the ITP application to 
confirm that the results of the analysis of the impact of covered bat species 
take on maternity colonies and hibernacula are consistent with the 
programmatic ESA analysis.  

c. Bald Eagle. The USFWS will evaluate the ITP application to confirm that the 
impact of bald eagle take on bald eagle Local Area Populations and Important 
Eagle Use Areas are consistent with the programmatic ESA analysis.  

2. Based on its review of the ITP application, the USFWS will notify the applicant that 
the application has been approved or denied. If approved and following publication in 
the Federal Register, the USFWS will issue the ITP. If the application is denied, the 
USFWS will notify the applicant in writing that the application has been denied with 
all reasonable effort within 60 days of receipt of the application and will provide the 
applicant with the reasons for the denial. Applications may be denied if the USFWS 
finds its contents are not consistent with the application requirements described in 
Section 9.4.1.1 or 9.4.1.2, as applicable, (see Item 1.a above); if the USFWS does not 
concur with the findings of NEPA consistency checklist and/or the programmatic 
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ESA section 7 consistency review; if the USFWS makes a determination that the 
impact of the requested take of a covered bat species on maternity colonies or 
hibernacula are such that the biological goals and objectives will likely not be 
achieved; or if the USFWS determines that the impact of the requested take of bald 
eagle on Important Eagle Use Areas and Local Area Populations are such that the 
biological goals and objectives will likely not be achieved. The project proponent 
may confer with the USFWS and either modify the Facility-Specific Plan to remedy 
any deficiencies (e.g., provide additional information, adjust AMMs to reduce take of 
covered bat species take) and resubmit the ITP application or should seek take 
authorization outside of the MWE process. No additional ITP application fee will be 
paid by the project proponent. 

3. The project proponent submits funding assurances prior to issuance of the ITP in 
accordance with the provisions of Sections 8.2.2 and 8.2.3. 

4. The USFWS issues the project proponent an individual ITP. 

9.4.1.4 Post-ITP Approval Commitments 

Individual Permittees will continue to provide funding assurances for implementation of on-site 
AMMs and monitoring in accordance with the provisions of Section 8.2.2.1 over the term of the 
ITP. Funding assurances for mitigation, including monitoring, changed circumstances, and 
adaptive management actions, will continue in accordance with the mitigation funding 
assurances requirements and schedule described in Section 8.2.3.5.  

9.4.2 Certificates of Inclusion 

This section describes the procedures for project proponents to request a COI from the AIE. 
These procedures may be adjusted by the AIE over the first 15 years of MWE implementation 
(i.e., the MWE enrollment period; see Section 1.5) to improve the efficacy of preparing COI 
requests, processing COI requests, and granting COIs.  

Project proponents must coordinate preparation of COI requests with the USFWS to ensure that 
surveys and analyses necessary to prepare the COI request will meet MWE requirements. A COI 
must request coverage for all Covered Species that could be taken by the wind energy facility, 
except as noted in Section 9.3.3. Regardless of the results of the facility’s take assessment, 
proposed and existing wind energy facilities that are located in the states indicated in Table 9-4 
are assumed to have the potential for take of interior least tern and/or piping plover and must be 
included in the requested COI. 

9.4.2.1 Proposed Wind Energy Facilities 

COI request procedures for proposed wind energy facilities include the following. 
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1. The project proponent notifies the AIE of its intent to apply for a COI under the 
authority of its Master Permit. The AIE provides the project proponent with the COI 
application requirements and preparation guidance. 

2. The project proponent conducts all pre-construction surveys that are applicable to the 
Covered Species for which take authorization is being requested (see Section 5.1.2). 
Project proponents should coordinate with the USFWS to determine the applicable 
MWE survey requirements and acceptable survey methods. Survey methods guidance 
is provided in Appendix G. 

3. The project proponent completes the COI request form. A completed COI request 
will include: 
• The name of the proposed wind energy facility, name of the owner, and the 

proposed facility location, description, and boundary map. 

• The project proponent Point of Contact and contact information. 

• A description of the Covered Activities, including the MW capacity; the proposed 
facility location and boundary map; and a description of and GIS data layer 
(accurate to within 3 m) showing the number, type, and proposed locations of 
wind turbines, buildings, operational facilities, roads, supporting infrastructure, 
and any other appurtenant facilities.  

• A list of Covered Species for which coverage is required. 

• A description and results of Covered Species surveys and habitat assessments 
conducted in accordance with the survey requirements in Section 5.1.2. 

• The methods and results of a take analysis (1) documenting the acreage of each 
Covered Species habitat that will be removed by facility construction and (2) 
documenting the estimated level of annual and cumulative operations-related take 
of each Covered Species over the requested term of the COI. Project proponents 
must coordinate with the USFWS to prepare the take analysis. 

o The requested operations-related levels of take for each Covered Species will 
be determined using the methods described in Section 9.4.4.1 based on the 
most current available information.  

o Take estimates will include the requested take by season and sex for the 
covered bat species.  

o Methods and results of an analysis of the impacts of the (1) estimated take of 
each covered bat species on maternity colonies and hibernacula, and (2) of the 
estimated take of bald eagle on bald eagle Local Area Populations and 
Important Eagle Use Areas. Methods to conduct these analyses must be 
approved by the USFWS. 
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• A description of the Covered Species proposed mitigation determined in accordance with 
the procedures described in Section 9.4.5. 

• Identification of AMMs in Section 5.1.3.1, 5.5.2, and 5.8.2 that will be implemented. 
Documentation must be provided that demonstrates how the design, siting, and 
construction-related AMMs have been addressed in facility siting and construction plans. 

• A description of the BMPs described in Section 5.1.3.3 that will be implemented and a 
description of why any of the BMP requirements are not proposed to be implemented. 

• A description of the monitoring to be implemented in accordance with the applicable 
monitoring requirements in Sections 7.2, 7.3, and 7.4. 

• A description of how all necessary funds will be assured and provided in accordance with 
the applicable provisions of Sections 8.2.2 and 8.2.3. 

• Results of a review of the COI request confirming the COI request’s consistency with the 
MWE programmatic ESA section 7 analysis. 

4. The project proponent submits the COI request to the AIE, a letter from a qualified 
consultant confirming that the methods used to estimate take are consistent with the 
methods described in this section, and the COI Request Fee (see Section 8.2.1.2). The 
COI Request Fee is non-refundable. 

9.4.2.2 Existing Wind Energy Facilities 

The following describes the COI request procedures for existing wind facilities. These 
procedures are generally the same as described for proposed wind energy facilities, except that 
designing, siting, and construction-related AMMs and associated pre-construction survey 
requirements do not apply to pre-existing infrastructure. 

1. The project proponent notifies the AIE of its intent to request a COI under the authority 
of its Master Permit. The AIE provides the project proponent with the COI application 
requirements and preparation guidance.  

2. The project proponent conducts presence/absence surveys during the summer to 
determine if covered bat species maternity colonies are present within or near the wind 
energy facility (see survey requirements in Section 5.1.2). Survey methods guidance is 
provided in Appendix G. Surveys are not required if sufficient existing data is available 
to confirm the presence or absence of covered bat species maternity colonies in the 
vicinity of the wind energy facility.  

3. The project proponent completes the COI application form. A completed Application will 
include: 
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• The name of the wind energy facility, name of the owner, and the facility location, 
description, and boundary map. 

• The project proponent Point of Contact and contact information. 

• A description of the Covered Activities, including the MW capacity; the facility 
location and boundary map; and a description of and GIS data layer (accurate to 
within 3 m) showing the number, type, and locations of turbines, buildings, 
operational facilities, roads, supporting infrastructure, and any other appurtenant 
facilities. 

• A list of the Covered Species for which coverage is required. 

• Documentation indicating that the wind energy facility will not result in take of a 
non-covered listed species, including a description of data, survey results, and 
analyses supporting the finding that the proposed wind energy facility will avoid take 
of non-covered listed species.  

• A description and results of Covered Species surveys and habitat assessments 
conducted in accordance with the applicable survey requirements in Section 5.1.2. 

• The methods and results of a take analysis documenting the estimated level of annual 
and cumulative operations-related take of each Covered Species over the requested 
term of the ITP.  

o The requested operations-related levels of take for each Covered Species will be 
determined using the methods described in Section 9.4.4.2 based on the most 
current available information.  

o Take estimates will include the requested take by season and sex for the covered 
bat species.  

• Methods and results of an analysis of the impacts of the (1) estimated take of each 
covered bat species on maternity colonies and hibernacula, and (2) of the estimated 
take of bald eagle on bald eagle Local Area Populations and Important Eagle Use 
Areas. Methods to conduct these analyses must be approved by the USFWS. 

• The acres of occupied Covered Species habitats that will be removed by any 
projected future build out of the existing wind energy facility. 

• A description of the Covered Species proposed mitigation determined as described in 
Section 9.4.5. 

• A description of the operations-related AMMs that will be implemented (see 
Sections 5.2.2, 5.3.2, 5.4.2, and 5.5.2).  

• A description of the BMPs described in Section 5.1.3.3 will be implemented and a 
description of why any of the BMP requirements are not proposed to be implemented. 
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• A description of the monitoring to be implemented in accordance with the applicable 
monitoring requirements in Sections 7.3, and 7.4. 

• A description of how all necessary funds will be assured and provided in accordance 
with the applicable provisions of Section 8.2.2 and 8.2.3. 

• Results of a review of the COI request confirming the COI request’s consistency with 
the MWE programmatic ESA section 7 analysis. 

4. The project proponent submits the COI request to the AIE, a letter from a qualified 
consultant certifying that the methods used to estimate take comply with the MWE 
approved methods, the completed NEPA consistency checklist (see Appendix H of the 
MWE EIS), and a COI Request Fee (see Section 8.2.1.2). The COI Request Fee is non-
refundable. 

9.4.2.3 Granting of COIs  

The following describes the process for the AIE’s issuance of a COI under its Master Permit.  

1. On receipt of the COI request and the COI Request Fee (see Section 8.2.1.2), the AIE 
will make a determination that (1) the COI request is complete and consistent with all the 
applicable requirements of the MWE and (2) sufficient take is available to meet the 
requested level of take. If the AIE determines that the COI request is incomplete or 
inconsistent with the MWE or that the amount of take authorization requested is 
unavailable under the MWE, it will advise the project proponent of the specific 
deficiencies, and the project proponent may revise the COI request for resubmittal and 
review by the AIE. The AIE may require payment of a fee in an amount commensurate 
with the costs of reviewing the revised portions of the COI request.  

In its review of COI requests for completeness and consistency with the MWE, the AIE 
will verify that the following MWE requirements have been met. 

a. The wind energy facility activities are covered under the MWE and the facility is 
located in the Covered Lands (see Figure 1-4). 

b. The facility location and supporting infrastructure are described in sufficient detail to 
support the take analysis. 

c. Required surveys, were conducted in accordance with MWE requirements (see 
Section 5.1.2). 

d. The take analysis has been completed using methods consistent with MWE 
requirements (see Section 9.4.2.1 or 9.4.2.2, as applicable to the facility, and Section 
9.4.4). 

e. The requested level of Covered Species take is consistent with the remaining 
available MWE take allowance.  
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f. The proposed AMMs are consistent with MWE AMM requirements as applicable to 
the facility (see Section 5.1.3.1 and Sections 5.2-5.8). 

g. The proposed BMPs are consistent with MWE BMP requirements as applicable to the 
facility (see Section 5.1.3.3). 

h. The proposed monitoring protocols are consistent with MWE monitoring 
requirements as applicable to the facility (see Sections 7.2, 7.3, and 7.4). 

i. The methods used to calculate mitigation requirements are consistent with MWE 
requirements (see Section 9.4.5). 

j. The proposed funding assurances are consistent with MWE requirements (see 
Sections 8.2.2, and 8.2.3.5). 

2. Following the AIE’s verification that the COI request meets MWE requirements, it will 
provide the COI request and results of its review to the USFWS to conduct a consistency 
review. Following completion of its consistency review, the USFWS will notify the AIE 
that it either does not object to or objects to the COI request. The consistency review will 
be completed within 60 days. The consistency review period may be extended by the 
USFWS by 10 days, one time for each COI request submitted for review with the 
USFWS’s written notification to the AIE requesting the extension. The notification must 
be submitted within 5 business days prior to the expiration of the 60-day review period 
and will include information supporting the extension request.  

The USFWS will conduct the following consistency review of each COI request.  

a. General. The USFWS will review the COI request to confirm that: 

• All of the required COI request information described in Section 9.4.2.1 or 
9.4.2.2, as applicable, has been provided, including an evaluation of the methods, 
data, and analyses conducted to estimate the level of take for each Covered 
Species and impacts on occupied habitat.  

• Take of all ESA-listed non-covered species will be avoided or that take of any 
listed non-covered species is covered under a separate ITP. 

• The ESA section 7 consistency reviews have been appropriately completed and 
the COI request is conforms with the NEPA consistency checklist (see Appendix 
H of the MWE EIS). Per the USFWS’s Final General Conservation Plan Policy 
(USFWS 2007c), any analyses conducted by the USFWS that are necessary to 
make this determination will not trigger any additional ESA and NEPA public 
review processes.  

• Sufficient take is available under the MWE to meet the requested level of take. 
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b. Covered Bat Species. The USFWS will review the COI request to confirm that the 
results of the analysis of the impact of covered bat species take on maternity colonies 
and hibernacula are consistent with the programmatic ESA analysis.  

c. Bald Eagle. The USFWS will review the COI request to confirm that the impact of 
bald eagle take on bald eagle Local Area Populations and Important Eagle Use Areas 
are consistent with the programmatic ESA analysis. 

3. If the USFWS indicates to the AIE that it does not object to the COI request based on its 
consistency review, the AIE will provide the applicant with a Participation Agreement by 
which the project proponent’s participation will be governed. The Participation 
Agreement will be executed by the project proponent and AIE. If the USFWS, based on 
results of its consistency review, objects to a COI request, it will notify the AIE and 
confer with the AIE and project proponent to reach a satisfactory resolution in order to 
obtain the COI or, if no resolution is possible, the project proponent should seek an ITP 
outside of the MWE process.  

4. Upon the AIE’s receipt of an executed Participation Agreement, Permit Administration 
Fee (see Section 8.2.1.2),5 and submittal of initial funding assurances in accordance with 
the provisions of Sections 8.2.2 and 8.2.3.5, the AIE will issue a COI to the project 
proponent to memorialize the participation and allocate take authorization to the wind 
energy facility.  

9.4.2.4 Post-COI Granting Commitments 

COI-holders will continue to provide funding assurances for implementation of on-site AMMs 
and monitoring in accordance with the provisions of Section 8.2.2.2 over the term of the COI. 
Funding assurances for mitigation, including monitoring, changed circumstances, and adaptive 
management actions, will continue in accordance with the mitigation funding assurances 
requirements and schedule described in Section 8.2.3.5.  

9.4.3 Transfer of Take Authorizations 

Over the term of the MWE, it is possible for wind energy facilities that have received an 
individual ITP to transfer ownership to a new entity. In the event of a wind energy facility 
coming under new ownership, the existing take authorization, in accordance with ESA 
regulations governing the transfer of permits, will be transferred to the new owner if:  

(1) The proposed transferee meets all of the qualifications under this part for holding a 
permit; 

                                                 
5 The Permit Administration Fee is a fee that provides the funding necessary for the AIE to fulfill its administrative functions as 
set forth in the MWE and Participation Agreement. As described in Section 8.2.1.2.2, upon signing the Participation Agreement 
the COI applicant pays 50 percent of the Permit Administration Fees that are assessed for the full term of its COI. 
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(2) The proposed transferee has provided adequate written assurances that it will provide 
sufficient funding for the conservation plan or Agreement and will implement the 
relevant terms and conditions of the permit, including any outstanding minimization 
and mitigation requirements; and 

(3) The proposed transferee has provided such other information as the Service 
determines is relevant to the processing of the submission.”6 

The request to transfer an individual ITP will require that the transferee prepare and submit an 
ITP application to the USFWS requesting the transfer. No application fee is required.  

COI-holders may transfer their COIs to a new facility owner by submitting a COI request to the 
AIE requesting the transfer. No COI Request Fee is required. For the COI to be granted, the new 
owner must agree to abide by all terms and conditions of the original COI and Participation 
Agreement with the AIE. The level of Covered Species take accorded to the transferred 
individual ITP and COI will be the level of unused take remaining on the original individual ITP 
and COI at the time the take authorization is transferred. 

9.4.4 Allocation of Take 

The amount of Plan Area-wide direct take of Covered Species available for allocation to 
proposed wind energy facilities is presented in Table 9-5. Take that is allocated to existing wind 
energy facilities that are currently operating under a USFWS technical assistance letter (TAL), 
and thus are operating at turbine cut-in speeds that avoid take of covered bat species, is included 
in the covered bat species take available for allocation to proposed wind energy facilities. 
Issuance of take authorizations to existing wind energy facilities currently not operating under a 
USFWS TAL will require implementation of all applicable operations-related AMMs (see 
Sections 5.2.2, 5.3.2, 5.4.2, and 5.5.2) and thus are expected to result in beneficial reductions in 
take of covered bat species from baseline conditions. Consequently, other than existing wind 
energy facilities that previously operated under a TAL, the amount of Plan Area-wide direct take 
of covered bat species available for allocation to existing wind energy facilities is not limited 
(see Table 9-5); however, the level of take authorized in individual ITPs and COIs will be 
limited to the amount of take determined in each facility’s take assessment (see Section 9.4.4.2)  

Implementation of the operations-related AMMs, unlike for the covered bat species, are not 
expected to result in an appreciable reduction in the incidental take of covered bird species from 
baseline conditions. Consequently, take available for allocation to both proposed and existing 
wind facilities are presented in Table 9-5.  

During the first 5 years and the first 15 years of MWE implementation (i.e., the period within 
which existing wind energy facilities and proposed wind energy facilities, respectively, may 
apply for take authorization; see Section 1.5), it is possible for a wind energy facility that has 
                                                 
6 50 CFR 13.25(b). 
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received a take authorization to go out of business, surrender its take authorization, or have its 
take authorization revoked (see Sections 8.7 and 9.11). In such instances, the remaining balance 
of the authorized take that has not been used will become available for issuance under 
subsequent take authorizations.  

Table 9-5. Plan Area-Wide Take of Covered Species available for Allocation to 
Wind Energy Facilities under MWE Take Authorizations  

Covered Species 

Maximum Number of Allowable Take 
over the 45-Year Term of the MWE 

(number of individuals) 
 Proposed Facilities Existing Facilities 
Indiana bat 10,6041 Not limited2 
Northern long-eared bat 17,7751 Not limited2 
Little brown bat 753,2081 Not limiited2 
Kirtland’s warbler 60 39 
Interior least tern 9 8 
Piping plover (Great Lakes Population) 2 1 
Piping plover (Northern Great Plains Population) 26 15 
Bald eagle  2,588 1,520 
1 The level of allowable take does not include any reduction in the take of covered bat species that will be 
associated with the implementation of the operations-related AMMs presented in Tables 5-4, 5-6, and 5-8. 
2 There are no Plan Area-wide limitations on allocation of take for the covered bat species for existing wind 
energy facilities because implementation of the operations-related AMMs presented in Tables 5-4, 5-6, 
and 5-8 are expected to result in beneficial reductions in take of covered bat species from baseline 
conditions. Limitations on take for each existing wind energy facility receiving a take authorization, however, 
will be limited to the results of each facility’s covered bat species take assessment (see Section 9.4.4.2) and 
the triggering of any applicable changed circumstances (see Section 8.4). 

9.4.4.1 Take Estimation for Proposed Wind Energy Facilities 

Project proponents applying for a take authorization will be required to implement the applicable 
surveys described in Section 5.1.2. Data collected in these surveys, along with relevant regional 
monitoring and research data will be used to estimate the level of take associated with the 
proposed or existing wind energy facility. 

Sufficient take will be allocated in ITPs issued for USFWS-approved ITP applications and COIs 
issued for AIE approved COI applications to cover the amount of each facility’s estimated level 
of take. Facilities that are located in the states indicated in Table 9-4 must request coverage for 
take of interior least tern and piping plover. 

9.4.4.1.1 Estimation of Covered Bat Species Take Requests 

One of the following two methods may be employed to estimate the level of take associated with 
a proposed or existing wind energy facility, depending on the availability and quality of data 
available for the facility location. 

• Species Composition Method 
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• Collision Risk Model Method 

These methods are described in the following subsections. Under both methods, take is estimated 
without the assumed application of the cut-in speed AMMs in Tables 5-4, 5-6, and 5-8. If a wind 
energy facility’s take estimate is less than 1 individual of a covered bat species per year, the 
requested level of take must be 1 individual per year for that covered bat species.  

Prior to submitting an ITP application to the USFWS or a COI application to the AIE, the project 
proponent should coordinate with the USFWS to determine the most appropriate method that 
will be used to estimate take levels (use of inappropriate take estimation methods will preclude 
issuance of a take authorization). Take will be estimated for the spring migration period 
(April 1 to May 31), the summer period (June 1 to July 31), and the fall migration period 
(August 1 to October 31). Depending on the quality of the available datasets, the USFWS may 
require that take levels be estimated using more than one method. In such instances, the USFWS, 
in coordination with the project proponent, will determine the estimated level of facility take 
based on an evaluation of the assumptions used in and results of each method.  

Species Composition Method 

The species composition approach for estimating mortality from wind turbine operations 
assumes that the proportion of documented wind turbine fatalities of the evaluated covered bat 
species, relative to the fatalities of all other bat species, is representative of the proportion of 
fatalities of the covered bat species expected for proposed and existing wind energy facilities 
seeking coverage under the MWE. The steps involved in the species-composition method are:  

1. Determine the anticipated bat fatality rate for the geographic area of interest based on the 
results of fatality monitoring studies;  

2. Determine the proportion of the covered bat species among all bat fatalities in fatality 
monitoring studies in the applicable range of the covered bat species; and  

3. Multiply the proportion of the covered bat species by the expected fatality rate to derive 
the expected number of total fatalities of the covered bat species. For example, if the total 
estimated bat mortality from regional data is 12 bats/MW/year (or 1,200 bats/year for a 
100 MW facility) and the number of the covered bat species fatalities detected in the 
studies was 1 out of 100 (0.01), the estimated number of fatalities of the covered bat 
species would be 12 per year.  

The proportion of the expected covered bat species fatalities will be calculated using fatality 
monitoring data collected from existing wind facilities located in similar geographic areas and 
any other relevant data.  

Use of this method requires information supporting the selection of the species composition 
method for use in conducting the analysis, a description of the assumptions and supporting 
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information used to apply the method, and documentation of fatality studies and methods used to 
estimate the level of covered bat species take.  

Collision Risk Model Method 

The collision risk model method involves modeling the rate at which a covered bat species will 
encounter a wind energy facility and the probability of an individual colliding with a wind 
turbine blade as it passes through the wind energy facility. The five primary data and assumption 
requirements of collision risk models include: 

1. Developing an estimate of the seasonal population in the facility boundary,  

2. Developing assumptions regarding the flight height of covered bat species passing through 
the wind energy facility,  

3. Developing assumptions regarding the seasonal probability distributions of wind speeds 
and temperatures within the vicinity of the wind energy facility,  

4. Developing assumptions regarding the movements of the covered bat species within the 
array of wind turbines, and  

5. Estimating the probability for mortality based on the modeled number of encounters with 
wind turbines.  

Use of this method requires information supporting the selection of the collision risk model 
method for use in conducting the analysis, a description of the model assumptions and 
supporting information, and a description of the data collection methods and sources used to 
develop and apply the model. Until such time that a standardized collision risk model is 
approved for use under the MWE, the proposed collision risk modeling method must be 
reviewed and approved by the USFWS.  

9.4.4.1.2 Estimation of Kirtland’s Warbler Take Requests 

Facility-level estimated take of Kirtland’s warbler will be estimated using the Species 
Composition Method as described in Section 9.4.4.1.1, except that application of these methods 
will rely on data available for other warbler and song bird species with similar habits, or the 
Surrogate Species Method described below. 

Surrogate Species Method 

The surrogate-species approach for estimating mortality uses a surrogate species for which there 
is sufficient information available to credibly estimate take for the species under evaluation. 
Documented wind turbine fatalities of the surrogate species is used to estimate the level of take 
of Kirtland’s warbler. The selected surrogate species is one that shares similar behaviors with 
Kirtland’s warbler (e.g., other warbler species) and usually one that is commonly documented in 
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mortality monitoring studies at wind energy facilities, and is used to infer mortality for 
Kirtland’s warbler. The steps involved in the surrogate method are:  

1. Determine the anticipated bat fatality rate for the region of interest based on the results of 
fatality monitoring studies;  

2. Determine the proportion of the surrogate species among fatalities monitoring studies in 
the region to derive the expected number of total surrogate fatalities;  

3. Determine the relative abundance of each species on the landscape; and  

4. Apply the ratio of Kirtland’s warbler to the surrogate to the estimated number of 
surrogate fatalities to determine the estimated number of fatalities for Kirtland’s warbler.  

For example, if the total estimated surrogate warbler species mortality from regional data is 12 
warblers/MW/year (or 1,200 warblers/year for a 100 MW facility), and the number of surrogate 
warbler fatalities out of all warbler fatalities was 10 out of 100 (or 10 percent), the total 
estimated surrogate mortality would be 120 surrogates fatalities/year. If the ratio of surrogate 
species to Kirtland’s warbler abundance estimated during field studies was 100 to 1 (0.01), the 
estimated number of fatalities of Kirtland’s warbler would be 1.2 per year.  

Use of this method requires information supporting the selection of the surrogate species method, 
the selection of the surrogate species for use in conducting the analysis, the abundance of the 
surrogate species relative to the Kirtland’s warbler, a description of the assumptions and 
supporting information used to apply the method, and documentation of fatality studies and 
methods used to estimate the level of Kirtland’s warbler take. 

9.4.4.1.3 Interior Least Tern and Piping Plover Take Requests 

Each proposed or existing wind energy facility located within the states identified in Table 9-4 
will be authorized to take 1 interior least tern and/or 1 piping plover from the Great Lakes 
Population and/or 1 piping plover from the Northern Great Plains Population over the term of 
their individual Permit or COI. Under this approach, the collective level of take eventually 
authorized under ITPs and COIs will likely exceed the total Plan Area-wide take allocation (see 
Table 9-5). If results of operations effectiveness monitoring (see Section 7.3.2.1.2) indicate that 
the Plan Area-wide level of authorized take could be exceeded in subsequent years, either the 
adaptive management actions described in Sections 7.3.3.3 and/or 7.3.3.5, or the changed 
circumstance provisions described in Section 8.4.5 will be triggered. 

9.4.4.1.4 Estimation of Bald Eagle Take Requests 

The level of bald eagle take will be estimated using the USFWS bald eagle collision risk model 
presented in Appendix D of the Eagle Conservation Plan Guidance (USFWS 2013d; see 
Appendix E). The data and assumptions used in the model for estimating facility-specific take, 
however, will be updated to only include information relevant to the location of the proposed 
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wind energy facility (e.g., results of pre-construction surveys, bald eagle survey data from 
existing wind energy facilities with similar site conditions).  

9.4.4.2 Take Estimation for Existing Wind Energy Facilities 

Existing wind energy facilities must estimate take for each Covered Species using the methods 
described for proposed wind energy facilities in Section 9.4.4.1, except that existing wind energy 
facilities may use the following types of information to generate the estimated level of covered 
bat species take.  

• Acoustic monitoring data from pre-construction surveys, 

• Mist-netting data from the facility, 

• Fatality monitoring data from the project, and 

• Data from nearby and similarly situated wind energy facilities. 

The covered bat species take estimate will include the estimated level of take without 
implementation of the operations-related AMMs described in Tables 5-4, 5-6, and 5-8.  

9.4.4.3 Spatial Limitations on Allocation of Take  

The allocation of the take levels presented in Table 9-5 are not spatially restricted (i.e., limits on 
take are not restricted by state or other specified geographic areas). During the term of the MWE, 
however, the USFWS may discontinue issuance of take authorizations for the Indiana bat and 
bald eagle within specified geographic portions of the Covered Lands. Wind energy facilities 
proposed within any such specified closed area will need to seek a take authorization outside of 
the MWE. Existing take authorizations for Indiana bat or bald eagle issued to facilities within 
closed areas will continue to remain in effect.  

9.4.4.3.1 Covered Bat Species 

Issuance of covered bat species take authorizations may be discontinued in specified geographic 
areas if the USFWS makes a determination during its evaluations of ITP applications and 
consistency reviews of COI applications that any further issuance of a take authorization under 
the requirements of the MWE is likely to result in the loss of a covered bat species maternity 
colony or hibernacula complex. A specified area sufficient to protect a maternity colony or 
hibernacula complex will be closed to further issuance of covered bat species take authorizations 
if the USFWS determines that the likely loss of a particular maternity colony or hibernacula 
complex will preclude the ability to achieve the covered bat species biological goals and 
objectives (see Sections 5.2.1, 5.3.1, and 5.4.1). If the USFWS determines that take of a covered 
bat species may no longer be authorized in a specified portion of the Plan Area, the USFWS will 
notify the AIE and project proponents in the process of seeking an individual ITP within 5 
business days that MWE take authorizations will no longer be issued for wind energy facilities 
that are proposed within the specified area.  
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9.4.4.3.2 Bald Eagle 

Issuance of bald eagle take authorizations may be discontinued in specified geographic areas if 
the USFWS makes a determination during its review of ITP applications and consistency review 
of COI applications that any further issuance of a take authorization under the requirements of 
the MWE is likely to result in the loss of more than 5 percent of individuals in a Local Area 
Population. A specified area sufficient to protect the Local Area Population will be closed to 
further issuance of take authorizations if the USFWS determines that the level of additional 
requested take will preclude the ability to achieve the bald eagle biological goals and objectives. 
If the USFWS determines that take of bald eagle may no longer be authorized in a specified 
portion of the Plan Area, the USFWS will notify the AIE and project proponents in the process 
of seeking take authorization within 5 business days that MWE take authorizations will no longer 
be issued under the MWE for wind energy facilities that are proposed within the specified area.  

9.4.5 Determination of Mitigation Requirements 

9.4.5.1 Take of Covered Species 

Mitigation requirements for the take of covered bat species will be calculated using USFWS-
developed Resource Equivalency Analysis (REA) models (see Appendix C). Results of the REA 
models include options for mitigating the impact of take on each bat species. As described in 
Section 5.1.4, other mitigation options may be added to the REA models over the term of the 
MWE through the process described in Section 9.12 if they are proven effective for mitigating 
take. 

Mitigation requirements for the take of covered bird species will be determined using mitigation 
requirement calculation methods described in Sections 5.5.3, 5.6.3, 5.7.3, and 5.8.3 for the 
Kirtland’s warbler, interior least tern, piping plover, and bald eagle respectively. As described in 
Section 5.8.3.1.2 for the bald eagle and as provided for all covered bird species through the 
process described in Section 9.12, additional options for mitigating take of the covered bird 
species may become available over the term of the MWE. 

9.4.5.2 Indirect Impacts on Covered Species 

As described in Chapter 4, indirect impacts of the covered bat species, Kirtland’s warbler, and 
bald eagle may result from impacts on occupied habitat. Mitigation requirements for impacts on 
occupied covered bat species, Kirtland’s warbler, and bald eagle habitat will be determined 
through application of the USFWS’ Habitat Equivalency Analysis (HEA) methodology. Until 
such time as the HEA method can be modified for use by ITP and COI applicants, the USFWS 
will determine mitigation requirements for indirect impacts. During the take authorization 
application process, each project proponent will provide the USFWS with the information 
necessary for the USFWS to determine the mitigation requirements. 
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9.5 ANNUAL MIE AND AIE WORK PLANS AND BUDGETS 
On an annual basis, the MIE and AIE will prepare a work plan and budget for the upcoming 
implementation year through the term of the MWE.  

9.5.1 MIE Annual Work Plans and Budgets 

MIE work plans will identify planned actions for the acquisition of mitigation sites, mitigation 
activities, monitoring of mitigation sites, and all administrative activities in the coming year. 
MIE annual budgets will identify planned expenditures and sources of funding for those 
expenditures. A draft Annual Work Plan and Budget will be provided to the AIE for review and 
comment no later than 30 days prior to the annual due date (to be determined by the AIE and 
MIE at the time of the MIE’s establishment) for the final Annual Work Plan and Budget. The 
MIE will confer with the AIE to address any comments received to the Draft Annual Work Plan 
and Budget. The final Work Plan and Budget will be approved by the AIE no later than 1 month 
prior to the beginning of the upcoming implementation year.  

The Annual Work Plan and Budget will contain, but not be limited to, the following information: 

• A description of the planned actions to implement mitigation-related activities, including 
the acquisition of mitigation sites, and the entities that will carry out the actions; 

• A description of the planned mitigation monitoring actions to be undertaken, and the 
entities that will conduct the monitoring; 

• A description of planned transfer of mitigation lands and conservation easements to a 
third party with concurrence of the USFWS; 

• A budget reflecting the costs of implementing the planned mitigation actions and 
monitoring along with all other costs for operating the MIE in the work plan year and a 
summary of the projected and actual budgets for all prior implementation years;  

• A description of the sources of funding to support the budget; and 

• A financial report describing the: 

o Mitigation fees received by the MIE by source cumulatively through the previous 
implementation year.  

o Annual and cumulative expenditures by cost category through the previous 
implementation year.  

o Deviations in expenditures from the previous implementation year’s budget, an 
explanation for the deviations, and other relevant information as appropriate.  
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9.5.2 AIE Annual Work Plans and Budgets 

At the time of the AIE’s submittal of its ITP application for a Master Permit, the AIE must 
provide the USFWS with a detailed cost estimate and a description of its funding sources for the 
first year of its operation. In all subsequent years over the term of the Master Permit, the AIE 
must prepare an Annual Work Plan and Budget. AIE annual work plans will identify planned 
administrative activities related to implementing all of the AIE’s functions described in Section 
9.2.2 that are applicable to each year’s work plan. Submittal of annual budgets will address any 
increases in AIE costs and funding requirements attributable to inflation from the cost estimate 
and funding requirements described in Section 8.2.1.1. Annual budgets will identify planned 
expenditures, including overhead costs (e.g., labor; office space, supplies, and equipment; data 
management) and planned capital expenditures. Annual budgets will also identify the sources of 
funding for those expenditures. A draft Annual Work Plan and Budget will be provided to the 
USFWS for review and comment no later than 30 days prior to the annual due date (to be 
determined by the USFWS and the AIE prior to the issuance of the Master Permit) for the final 
Annual Work Plan and Budget. The AIE will confer with the USFWS to address comments 
received to the draft Annual Work Plan and Budget. The final Work Plan and Budget will be 
approved by the USFWS no later than 1 month prior to the beginning of the upcoming 
implementation year. Annual AIE budgets provide the basis for determining the AIE’s annual 
funding assurance requirements as described in Section 8.2.1.3.  

9.6 INDIVIDUAL PERMITTEE AND COI-HOLDER 
RESPONSIBILITIES 

Individual Permittees/COI-holders are responsible for complying with all applicable statutory, 
regulatory, and MWE requirements including, but not limited to, those described in Table 9-6.  
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Table 9-6. Individual Permittee and COI-Holder MWE Implementation 
Responsibilities 

Responsibility Responsible Entity MWE Section Reference 
Providing funding assurances in 
accordance with funding assurance 
requirements and schedules  

All individual Permittees 
and 
COI-holders 

Sections 8.2.2 and 8.2.3.5 

Monitoring and augmenting mitigation 
funding assurances if necessary 

All individual Permittees 
and 
COI-holders 

Section 8.2.3.5.3 

Payment of Permit Administration Fees to 
the AIE 

All COI-holders Section 8.2.1.2 

Payment of MWE Coordinator Fees and, if 
applicable to the individual Permittee, 
Service Fees 

All individual Permittees Section 8.2.1.2 

Monitoring and enforcing compliance with 
the terms and conditions of mitigation site 
conservation easements  

All individual Permittees 
COI-holders directly 
implementing mitigation 

Section 9.7.2.4 

Payment of mitigation fees to the MIE in 
accordance with the mitigation schedule  

All individual Permittees 
and 
COI-holders 
implementing mitigation 
through the MIE 

Sections 8.2.3.2 and 9.7.1 

Conducting applicable construction 
monitoring  

All individual Permittees 
and 
COI-holders for proposed 
wind energy facilities 

Section 7.2  

Conducting all applicable operations 
monitoring  

All individual Permittees 
and COI-holders 

Section 7.3  

Conducting all applicable mitigation 
monitoring  

All individual Permittees 
and  
COI-holders directly 
implementing mitigation 

Section 7.4  

Acquiring mitigation sites and preparing 
Mitigation Site Plans  

All individual Permittees 
COI-holders directly 
implementing mitigation 

Section 9.7.2.2 and 9.7.2.3  

Implementing Kirtland’s warbler, interior 
least tern, piping plover, and bald eagle 
mitigation  

All individual Permittees 
and COI-holders 

Sections 5.5.3, 5.6.3, 5.7.3, 
5.8.3,9.7.2.2.2 to 9.7.2.2.4, 
and 9.7.2.3  

Conducting and preparing mitigation 
baseline survey reports 

All individual Permittees 
COI-holders directly 
implementing mitigation 

Sections 5.2.3.3, 5.3.3.3, 
and 5.4.3.3  

Providing environmental compliance and 
permitting for habitat restoration mitigation 
projects  

All individual Permittees 
and 
COI-holders directly 
implementing mitigation 

Section 8.2.3.1  

Reporting detected fatalities of Covered 
Species and other native wildlife species to 
the USFWS  

All individual Permittees 
and  
COI-holders 

Section 9.10.2 
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Responsibility Responsible Entity MWE Section Reference 
Preparing and submitting Annual 
Compliance Reports, as applicable, to the 
USFWS or AIE1 

All individual Permittees 
and  
COI-holders 

Section 9.10.1 

Monitoring for and preparing changed 
circumstances Event Evaluations to 
document occurrences of changed 
circumstances in mitigation sites 
 

All individual Permittees 
and 
COI-holders directly 
implementing mitigation 

Sections 7.4.1.4, 8.4.2, and 
9.10.3 

Implementing planned responses to 
changed circumstances 

All individual Permittees 
and 
COI-holders directly 
implementing mitigation 

Section 8.4.2 

Reporting potential occurrences of an 
unforeseen circumstance in mitigation 
sites, as applicable, to the USFWS and 
AIE1 

All individual Permittees 
and 
COI-holders 

Sections 9.10.1 and 9.10.3 

Reporting the actuation of an adaptive 
management trigger and implemented 
adaptive management actions, as 
applicable, to the USFWS and the AIE1 

All individual Permittees 
and 
COI-holders 

Sections 7.3.3 and 7.4.3 

Participating in periodic reviews of MWE 
implementation procedures with the 
USFWS, AIE, and MIE 

All individual Permittees Section 9.12 

Submitting requests for minor and major 
amendments, as applicable, to the 
USFWS or AIE1  

All individual Permittees 
and 
COI-holders 

Section 8.6.2 and 8.6.3 

Ongoing coordination with the USFWS and 
AIE, as applicable, over the term of the 
MWE 

All individual Permittees 
and 
COI-holders 

Not applicable 

AIE=Administrative Implementing Entity, COI=Certificate of Inclusion, MIE=Mitigation Implementing Entity, 
MWE=Midwest Wind Energy Multi-Species Habitat Conservation Plan, USFWS=U.S. Fish and Wildlife Service. 
1Individual Permittees report to the USFWS and COI-holders report to the AIE as the Master Permittee.  

9.7 MITIGATION PROGRAM 
Individual Permittees are responsible for ensuring that all of their mitigation requirements are 
implemented and the AIE, as the Master Permittee, is responsible for ensuring all mitigation 
requirements of COI-holders are implemented. Mitigation for the take of and indirect impacts on 
the covered bird species must be implemented by individual Permittees/COI-holders as described 
in Sections 9.7.2.2.2 to 9.7.2.2.4 or Section 9.7.2.3.  

Off-site habitat mitigation for the take of and indirect impacts on the covered bat species may be 
implemented by the MIE with payment of mitigation fees by COI-holders to and individual 
Permittees entering into a contract with the MIE. Individual Permittees/COI-holders may also 
directly implement habitat mitigation for the covered bat species or purchase mitigation credits 
as described in Section 9.7.2.3. Except as noted in Section 9.7.1, mitigation must be 
implemented in advance of take.  
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The amount of mitigation for take of covered bat species and bald eagle during the first 3 years 
of operations following receipt of a take authorization will be based on the level of authorized 
take. The amount of covered bat species and bald eagle mitigation required for the fourth and 
subsequent years of operations-related take will be based on the Evidence of Absence (EoA) 
modeling (see Section 7.3.2.1.1 and Appendix F) take estimate. The take estimate will be based 
on effectiveness monitoring results for all years prior to the time that an individual 
Permittee/COI-holder is calculating their mitigation requirements (see Section 9.7.1). The level 
of take for which mitigation is required is the median EoA take estimate, which provides the best 
estimate of take. As describe in Section 7.3.2.1.1 and Appendix F, using the aggregated results of 
monitoring over the term of a take authorization will achieve a high probability for estimating 
the actual take of covered bat species and bald eagle, thus ensuring that the mitigation provided 
will offset or exceed the impacts of the take. As described in Section 9.7.1, the mitigation 
requirements will periodically be “trued-up” to account for variability in take estimates over time 
to further ensure that sufficient mitigation is implemented to offset a facility’s take over the term 
of its take authorization. The amount of mitigation required for Kirtland’s warbler, interior least 
tern, and piping plover will be the amount of take authorized in each facility’s individual ITP or 
COI. 

9.7.1 Timing of Mitigation Actions 

The mitigation implementation schedule requirements described below are designed to ensure 
that mitigation will be implemented in advance of take after the first 5 years following the 
initiation of activities that impact Covered Species habitat for new wind energy facilities and 
from the time a take authorization is issued to an existing wind energy facility.  

Individual Permittees/COI-holders that are implementing mitigation must implement mitigation 
for their take in accordance with the mitigation timing requirements. The MIE, under its 
contractual obligations to the AIE, will be responsible for ensuring that the mitigation for which 
COI-holders have paid mitigation fees is implemented such that the collective take of COI-
holders using the MIE is implemented in accordance with the mitigation schedule. Individual 
Permittees that have contracted with the MIE to implement mitigation will be responsible for 
ensuring that the MIE implements their mitigation requirements in accordance with the 
mitigation schedule.  

9.7.1.1 Mitigation for Take of Covered Bat Species  

Individual Permittees/COI-holders implementing mitigation and mitigation implemented by the 
MIE must be implemented in accordance with one of the mitigation schedule options described 
in the following subsections. 

9.7.1.1.1 Incremental Mitigation Based on EoA Take Determinations 

Mitigation to compensate for the first 5 years of take at levels authorized in individual ITPs and 
COIs must be implemented within 3 years of impacting Covered Species habitat for proposed 
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wind energy facilities and, for existing facilities, within 3 years of the issuance of the individual 
ITP or the granting of the COI. Mitigation requirements for subsequent increments will be based 
on the annual level of take estimated through application of the EoA model (see Section 7.3.2.1.1 
and Appendix F) over the period for which mitigation will be provided (i.e., each 5- to 15-year 
increment).  

The estimated take level that will be used to establish mitigation requirements for subsequent 
increments of mitigation will be based on application of EoA modeling using the results of 
Intensive Monitoring (conducted during the first 3 years of operations) and Roads and Pads 
Monitoring (conducted from operations year 4 through the remaining term of the take 
authorization) for all previous years (see Section 7.3.2.1.1). Results of the EoA modeling will be 
prorated to the term of the subsequent mitigation increment. For example, if an individual 
Permittee/COI-holder chooses to implement mitigation in 10-year increments starting in 
mitigation year 6 and the EoA modeling for monitoring years 1–5 indicated that 10 little brown 
bats were taken during that 5-year period, then the mitigation requirement for mitigation years 6–
10 would be based on take of 15 little brown bats. Selection of this mitigation option provides 
flexibility for spreading mitigation costs over time and for minimizing the exposure of mitigation 
sites to white-nose syndrome (WNS) (see Section 3.1.2) by providing time to adjust where and 
how mitigation is implemented in future years (e.g., allowing future mitigation to be sited in 
portions of the Plan Area that are least likely to be affected by WNS). 

All of the mitigation requirements for mitigation years 26–30 must be completed by mitigation 
year 25. At the end of mitigation year 25 (or 5 years before the expiration of the take 
authorization) the USFWS and the AIE will coordinate with applicable individual 
Permittees/COI-holders, respectively, to evaluate the amount of take for which mitigation has 
been provided through year 25 relative to the total amount of estimated take based on EoA 
modeling through year 30 (or the expiration date of the take authorization). If the evaluation 
indicates that there will be a deficit of mitigation relative to the total amount of estimated take 
through year 30 (or the expiration date of the take authorization), any additional mitigation to 
address the deficit must be completed by mitigation year 27 and any additional mitigation 
funding assurances that may be required will be provided in accordance with the provisions of 
Section 8.2.3.5.3.  

At the conclusion of a facility’s final monitoring year, the actual mitigation completed will be 
compared to the total level of EoA estimated take over the term of the take authorization. If the 
final year evaluation indicates there is a mitigation deficit relative to the estimated take, 
additional mitigation sufficient to compensate for the deficit must be implemented. If the 
evaluation indicates there is not a mitigation deficit, the individual Permittee’s/COI-holder will 
be released from its financial assurance commitments. This process will ensure that mitigation is 
staying ahead of the take and will provide a buffer for the final 5-year increment when actual 
take numbers will not be known until after the take authorization has expired. 



Plan Implementation  Chapter 9 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 9-35 

9.7.1.1.2 Up-Front Mitigation Based on the Take Authorization 

All mitigation for the incidental take that is authorized over the term of an individual ITP or COI 
(up to 30 years) must be implemented within 3 years of impacting Covered Species habitat for 
new wind energy facilities and, for existing wind energy facilities, within 3 years of the time the 
take authorization is issued. Selection of this mitigation timing option reduces the risk for 
increased mitigation costs (e.g., cost increases associated with inflation or escalation in land 
acquisition costs) relative to implementing mitigation in phases over the term of the take 
authorization. This approach also offsets the uncertainty of implementing all of the mitigation in 
the early years of permit because it is expected that it will almost always result in significantly 
more mitigation being implemented than an incremental approach based on EoA take estimates. 

9.7.1.2 Mitigation for Take of Covered Bird Species  

As described in Section 9.4.4.1.3, each individual Permittee/COI-holder with a wind energy 
facility located in the Plan Area range of interior least tern and/or one or both of the piping 
plover populations (see Table 9-5) will be authorized for the take of one individual of each 
applicable species. Mitigation for take of interior least tern and either of the piping plover 
populations must be completed within the first 18 months of issuance of the take authorization. 
Individual Permittees/COI-holders may choose to implement all or a portion of their Kirtland’s 
warbler and bald eagle mitigation requirements; however, mitigation must, at a minimum, be 
implemented in a least 5-year increments immediately following issuance of their take 
authorization.  

9.7.1.3 Mitigation for Indirect Impacts 

The implementation of habitat restoration to mitigate indirect impacts on the covered bat species 
and Kirtland’s warbler associated with the removal of habitat must be implemented (i.e., tree 
planting stock has been planted) within 3 years of issuance of the take authorization. 

9.7.2 Mitigation Procedures 

Mitigation must be implemented in accordance with the mitigation timing schedule described in 
Section 9.7.1 and mitigation funding assurances must be provided in accordance with the 
funding assurances schedule in Section 8.2.3.5.3, regardless of whether the mitigation is 
implemented through the MIE or if mitigation is implemented by an individual Permittee/COI-
holder. 

9.7.2.1 Mitigation Provided by the MIE 

Individual Permittees/COI-holders that elect to fulfill their mitigation obligations through the 
MIE must initiate coordination with the MIE to determine their mitigation fees (see Section 
8.2.3.2) and to provide the necessary mitigation funding assurances in accordance with the 
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schedule in Section 8.2.3.5.7 All MIE proposed mitigation sites must be approved by the USFWS 
before it can be credited under the MWE as mitigation. The USFWS’ approval of proposed 
mitigation sites will be based on a mitigation site description that will be prepared and submitted 
by the MIE to the USFWS and, if the mitigation is for a COI-holder, to the AIE. Proposed 
mitigation site descriptions will include, but not be limited to, the following information.  

• Location and a description of the quantity of Covered Species habitat types present on the 
site and, if applicable, the estimated acreage available for restoration of Covered Species 
habitats. 

• The estimated amount of authorized take that will be mitigated with acquisition of the site 
and subsequent restoration of habitat if applicable. The amount of mitigation provided for 
take of covered bat species will be calculated using the applicable REA models (see 
Appendix C).8  

• The amount of impacts on occupied Covered Species habitats that will be mitigated with 
acquisition of the site and subsequent restoration of habitat if applicable. The amount of 
mitigation provided for impacts on occupied habitat will be calculated using the HEA 
methodology. 

• Documentation based on existing information or results of mitigation site surveys 
demonstrating that the proposed mitigation site meets all of the applicable requirements 
described in Section 5.1.4.2.  

• Documentation of land uses adjacent to the proposed mitigation site.  

• Documentation that there are no existing easements or encumbrances on the site that are 
inconsistent with maintenance of the site as habitat for the intended Covered Species. 

Following receipt of the mitigation site description, the USFWS will notify the MIE of its 
approval or denial of the proposed site with all reasonable effort within 30 days of receiving the 
description. USFWS will notify the MIE if additional information is necessary to evaluate a 
proposed mitigation site. The notification will specify the specific additional information 
requirements with an explanation of why the additional information is needed to complete the 
USFWS’s evaluation of the mitigation site. Acceptable methods for mitigation site acquisition 
are described in Section 9.7.2.4. 

The MIE will prepare and submit a “Mitigation Site Plan” for approval to the USFWS. The 
Mitigation Site Plan may be submitted to the USFWS with the submittal of the mitigation site 
description or following approval of the mitigation site by the USFWS. The Mitigation Site Plan 
will include, but not be limited to, a description of the following items. 
                                                 
7 The coordination time required between the MIE and individual Permittees/COI-holders to secure mitigation sites and 
determine mitigation fees will vary depending on the availability of unallocated MIE mitigation sites at the time an individual 
Permittee/COI-holder is required to implement mitigation. 
8 As described in Sections 5.5.3, 5.5.6, and 5.5.7, respectively, mitigation for Kirtland’s warbler, interior least tern, and piping 
plover will be implemented by existing conservation programs with funding provided by individual Permittees/COI-holders. 
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• A preliminary description of baseline conditions (as described in Section 5.2.3.3, 5.3.3.3, 
and 5.4.3.3, baseline condition surveys and the final description of baseline conditions 
will be prepared and submitted to the USFWS and the AIE, as applicable to the take 
authorization).  

• Mitigation monitoring program and implementation schedule. 

• Planned mitigation activities. 

Mitigation Site Plans, including implementation cost estimates, must be submitted to the USFWS 
at least 60 days before mitigation activities are implemented. 

9.7.2.2 Mitigation Provided by COI-Holders and Individual Permittees 

9.7.2.2.1 Covered Bat Species Habitat Mitigation 

Individual Permittees/COI-holders that elect to implement, monitor, and manage mitigation sites 
must only acquire mitigation sites approved by the USFWS. Once a proposed mitigation site has 
been identified, the individual Permittee/COI-holder will submit a description of the proposed 
mitigation site(s) to the USFWS. Proposed mitigation site descriptions will include the same 
information as required in proposed mitigation site descriptions prepared by the MIE (see 
Section 9.7.2.1). Following receipt of the mitigation site description, the USFWS will notify the 
project proponent of its approval or denial of the proposed site with all reasonable effort within 
30 days of receiving the description. A proposed mitigation site will be approved if it meets the 
mitigation site acquisition requirements described in Section 5.1.4.2. If approved, the site may be 
acquired. If denied, the USFWS will provide the individual Permittee/COI-holder with the 
reasons why acquisition of the proposed site is denied. Acceptable methods for mitigation site 
acquisition are described in Section 9.7.2.3. 

The individual Permittee/COI-holder must prepare and submit a Mitigation Site Plan for 
approval to the USFWS. The Mitigation Site Plan may be submitted to the USFWS with the 
submittal of the mitigation site description or following approval of the mitigation site by the 
USFWS. The Mitigation Site Plan must include, but is not limited to, a description of the 
following items. 

• A preliminary description of baseline conditions (as described in Section 5.2.3.3, 5.3.3.3, 
and 5.4.3.3 baseline condition surveys and the final description of baseline conditions 
will be prepared and submitted to USFWS and the AIE, as applicable to the take 
authorization).  

• Mitigation monitoring program and implementation schedule. 

• Planned mitigation activities. 

Mitigation Site Plans must be submitted to the USFWS at least 60 days before mitigation 
activities are implemented.  
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Mitigation credit that will be accorded for proposed habitat protection and restoration actions 
will be determined through application of the applicable covered bat species REA model in 
Appendix C.  

9.7.2.2.2 Bald Eagle Mitigation  

Individual Permittees/COI-holders must prepare a Mitigation Plan for each proposed mitigation 
action or group of actions for review and approval by the USFWS. Mitigation Plans for 
retrofitting or replacing power poles to reduce the risk of bald eagle electrocution must include, 
but is not limited to, the following items. 

• The legal location and number of power poles to be retrofitted or replaced; 

• A description of the pre- and post-mitigation power pole designs; 

• The owner of the treated power line and signed agreement(s) providing for the 
maintenance of the retrofitted or replaced power poles; 

• A description of the level of existing bald eagle electrocution risk associated with the 
mitigation power line (e.g., documentation of level of bald eagle use in the vicinity of 
the mitigation power line, documentation of bald eagle and other avian electrocutions 
associated with the mitigation power line, documentation of avian electrocutions 
associated with the pre-mitigation power pole design);  

• Bald eagle REA electrocution model (see Appendix C) results indicating the amount 
of bald eagle take that will be mitigated; and 

• A mitigation and power line maintenance schedule. 

Mitigation credit that will be accorded for proposed power pole mitigation will be determined 
through application of the golden and bald eagle REA guidance provided in Appendix C.  

9.7.2.2.3 Kirtland’s Warbler Mitigation to Reduce Nest Site Parasitism 

Individual Permittees/COI-holders may provide Kirtland’s warbler mitigation by providing 
funding to existing USFWS-approved programs for controlling brown-head cowbirds. To receive 
mitigation credit for take of Kirtland’s warbler, the individual Permittee/COI-holder must 
provide a letter from a legal representative of the program indicating the mitigation funding 
received; a description of the proposed trapping activities and implementation schedules; 
proposed effectiveness monitoring activities and schedule; and confirmation that the funding 
received is adequate to support control and monitoring activities over the term of the mitigation. 

Mitigation credit that will be provided to individual Permittees/COI-holders for implementing 
this mitigation option will be determined by the USFWS based on review of the proposed 
mitigation plan relative to the mitigation credit criteria described in Section 5.5.3.1.2.  
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9.7.2.2.4 Kirtland’s Warbler, Interior Least Tern, and Piping Plover Habitat Mitigation 

Habitat mitigation for Kirtland’s warbler, interior least tern and piping plover (see Sections 5.5.3, 
5.6.3, and 5.7.3, respectively) will be provided through the funding of nesting habitat restoration 
projects implemented by USFWS-approved conservation programs. To receive mitigation credit 
for take of these Covered Species, the individual Permittee/COI-holder must provide a letter 
from a legal representative of the conservation organization indicating the mitigation funding 
received, the acres of species nesting habitat that will be restored, scheduled date for completing 
the habitat restoration, monitoring activities, and confirmation that the funding received is 
adequate to support monitoring and the replacement of the habitat in the event of habitat loss 
through a flood or other event over the term of the take authorization.  

9.7.2.3 Purchase of Mitigation Credits from USFWS-Approved 
 Mitigation/Conservation Banks and In-Lieu Fee Programs 

The mitigation requirements of individual Permittees/COI-holders described in Sections 9.7.2.2 
may be satisfied with the purchase of Covered Species mitigation credits from USFWS-approved 
mitigation and conservation banks and in-lieu fee programs that are located in the state within 
which the wind energy facility is located.  

9.7.2.4 Protection of Mitigation Sites 

Mitigation sites will be acquired and protected in perpetuity by the Responsible Mitigation 
Entity, including conservation programs implementing mitigation for Kirtland’s warbler, interior 
least tern, and piping plover, through one of the following mechanisms.  

• Purchase in fee title from willing sellers and protected under a permanent conservation 
easement (see Appendix H for an example conservation easement template) or other 
instruments (e.g., environmental covenants), as approved by the USFWS, that achieve the 
same level of protection. 

• Acquisition of permanent conservation easements from willing sellers that agree to meet 
MWE habitat protection requirements (see Appendix H). 

• Purchase of mitigation credits from private mitigation or conservation banks and in-lieu 
fee programs approved by the USFWS and that meet all of the mitigation requirements of 
the MWE, including mitigation site location requirements (see Section 5.1.4.2). 

The transfer of mitigation lands and permanent conservation easements by the Responsible 
Mitigation Entity to third parties is permissible at any time if approved by the USFWS. The 
USFWS will only approve transfer of mitigation lands and conservation easements to a third 
party if provisions are in place assuring that all required MWE and take authorization 
requirements associated with the mitigation site will be implemented. 
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9.7.3 Post-MWE Disposition of Mitigation Sites 

At any time before or at the time take authorizations expire for individual Permittees/COI-
holders that have acquired and maintained mitigation sites, mitigation sites held in fee title and 
the responsibility for oversight of mitigation sites protected under conservation easements will be 
transferred to an entity approved by the USFWS (e.g., state conservation agencies, not for profit 
conservation organizations) that will be responsible for the protection of the mitigation sites in 
perpetuity. If a suitable entity is not identified to assume responsibility for a mitigation site, the 
responsibility for the mitigation site will remain with the individual Permittee and the AIE will 
be responsible for COI-holder mitigation sites. All mitigation sites administered by the MIE will 
similarly be transferred to one or more entities that will protect the mitigation sites in perpetuity. 
If a suitable entity is not identified to assume responsibility for a MIE mitigation site that 
mitigates take for an individual Permittee, the responsibility for the mitigation site will remain 
with the individual Permittee and the AIE will be responsible for COI-holder mitigation sites for 
which the MIE has provided the mitigation. 

9.8 TRACKING OF TAKE 
The USFWS will be responsible for compliance tracking of Covered Species take for take 
authorizations issued under the MWE. Information used in compliance tracking will be provided 
through the take compliance reporting requirements described in Section 9.10.1. The AIE will 
also track take of COI-holders and individual Permittees for planning purposes. Tracking of take 
includes, but is not limited to, maintaining the following records. As described in Section 9.10, 
all reported information, including documented fatalities of Covered Species and other native 
wildlife species, is available for public review. 

• The acreage of occupied Covered Species habitats permanently and temporarily impacted 
by Covered Activities by each wind energy facility, cumulatively by state and 
cumulatively for the Plan Area. The AIE will prepare the cumulative summary of impacts 
based on the description of facility impacts in Annual Compliance Reports submitted to 
the AIE by COI-holders. The AIE will include the cumulative summary of impacts in its 
Annual Compliance Report to the USFWS. The USFWS will prepare and maintain a 
cumulative summary of habitat impacts provided in Annual Compliance Reports by 
individual Permittees (see Section 9.10.1). 

• Reported fatalities of Covered Species that are positively identified, the number of 
estimated fatalities of each species based on evaluation of operations effectiveness 
monitoring results (see Section 7.3), and fatalities of other native species by wind energy 
facility, cumulatively by state and cumulatively for the Plan Area. Confirmed Covered 
Species fatalities will be reported directly to the USFWS by COI-holders and individual 
Permittees per the requirements described in Section 9.10.2.  

• The level of Covered Species take authorized by individual Permittee/COI-holder by 
state. This information will be maintained by the USFWS based on take allocated in take 
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authorizations. The AIE will maintain this information based on take allocated in COIs 
and written notices from the USFWS of take allocated under ITPs. Tracking will also 
include any adjustments to take authorized in individual ITPs and COIs in response to 
triggering of an adaptive management action or changed circumstance.  

• The level of take of Covered Species not yet allocated to project proponents. This 
information will be maintained by the USFWS and the AIE.  

9.9 TRACKING OF MITIGATION 
The USFWS will be responsible for tracking mitigation implemented by individual Permittees 
and mitigation that is implemented by the MIE under contract to individual Permittees. The AIE 
will be responsible for tracking mitigation directly implemented by COI-holders and mitigation 
implemented by the MIE on behalf of COI-holders. The USFWS is responsible for tracking all 
mitigation Plan Area-wide based on information provided by individual Permittees and the AIE 
in their Annual Compliance Reports (see Section 9.10.1).  

9.9.1 Habitat Mitigation  

Tracking of habitat mitigation includes, but is not limited to, maintaining the following records. 

• Mitigation Site Plans. 

• The legal location description of each mitigation site.  

• For each Covered Species, the level of take that is mitigated by each mitigation site and 
the amount of mitigation credit accorded to each wind energy facility using the site. 

• The entity responsible for managing and maintaining each mitigation site. 

• Mitigation site baseline conditions reports (see Sections 5.2.3.3, 5.3.3.3, and 5.4.3.3). 

• A description of habitat restoration, enhancement, and management actions implemented 
in each mitigation site (provided in Annual Compliance Reports). 

• Results of mitigation monitoring for each mitigation site (provided in Annual 
Compliance Reports). 

• Actual implementation costs of MIE implemented mitigation (provided in MIE Annual 
Compliance Reports described in Section 9.10.1). 

• An accounting for each individual Permittee/COI-holder provided mitigation that is 
implemented relative to compliance with the mitigation timing requirements (see 
Section 9.7.1) and the balance of mitigation that is due to be implemented by each 
individual Permittee/COI-holder relative to the mitigation timing requirements. 
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• Changed circumstances that are declared for each mitigation site and a description of 
actions implemented to address the changed circumstance (provided in Annual 
Compliance Reports as described in Section 9.10.1). 

• An accounting of MIE changed circumstances fund expenditures and balances by 
mitigation site and wind energy facility for use in determining changed circumstances 
fund replenishment requirements, if needed, for individual wind energy facility (see 
Section 8.2.3.2).  

9.9.2 Mitigation to Reduce Bald Eagle Mortalities 

Tracking of mitigation provided through the retrofitting or replacement of power poles and 
through the implementation of actions to reduce lead ingestion by bald eagles includes, but is not 
limited to, maintaining the following records. 

• Bald eagle mitigation plans. 

• The legal location and number of power poles annually and cumulatively retrofitted or 
replaced for each mitigation effort. 

• The legal location searched for large animal carcasses and the annual and cumulative 
number of carcasses removed for each mitigation effort. 

• The geographic area within which lead-free ammunition is distributed and the annual and 
cumulative amounts of ammunition distributed by mitigation effort. 

• Individual Permittee/COI-holder agreements with electric power companies, landowners, 
and/or resource agencies. 

• The level of take that is mitigated by each mitigation effort. 

9.9.3 Mitigation Implemented by Third Parties 

Tracking of mitigation provided for Kirtland’s warbler, interior least tern, and piping plover (see 
Sections 5.5.3, 5.6.3, and 5.7.3, respectively) under contract to conservation programs includes, 
but is not limited to, maintaining the following records. 

• Individual Permittee/COI-holder contracts with USFWS-approved conservation 
programs.  

• The legal location description of each mitigation site.  

• The entity responsible for managing and maintaining each mitigation site. 

• The level of take that is mitigated by each mitigation site, by wind energy facility, if 
applicable. 

• Results of mitigation monitoring for each mitigation site (provided in Annual 
Compliance Reports). 
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9.9.4 Tracking of Purchased Mitigation Credits 

As described in Section 9.7.2.3, individual Permittees/COI-holders may purchase mitigation 
credits from USFWS-approved private mitigation or conservation banks and in-lieu fee 
programs. Tracking of purchased mitigation credits includes, but is not limited to, maintaining 
the following records. 

• The name of the organization from which credits are purchased by individual 
Permittee/COI-holder. 

• USFWS agreements with the organization authorizing the sale of the applicable 
mitigation credits. 

• The number and type of mitigation credits purchased by each individual Permittee/COI-
holder annually and cumulatively.  

9.10 COMPLIANCE REPORTING REQUIREMENTS 
Individual Permittees, the AIE, COI-holders, and the MIE must prepare an Annual Compliance 
Report following each implementation year to demonstrate, as applicable to the entity, 
compliance with the MWE and terms and conditions of take authorizations. Other reporting 
requirements include the reporting of Covered Species and other native wildlife species fatalities, 
potential changed or unforeseen circumstances, and exceedance of adaptive management triggers 
to the USFWS. All compliance reporting information, including documented fatalities of 
Covered Species and other native wildlife species, is available for public review. 

These documents will provide the information necessary to enable the USFWS to assess on an 
ongoing basis the progress and performance of the MWE toward meeting the MWE biological 
goals and objectives, and to make informed decisions regarding MWE implementation.  

Following approval of the MWE, it is anticipated that the AIE will develop a standardized 
process for COI-holders’ reporting of compliance-related information to the AIE and that the 
USFWS will develop a standardized process for individual Permittees’ and MIE’s reporting of 
compliance-related information to the USFWS. 

9.10.1 Annual Compliance Reports 

Individual Permittees will prepare and submit Annual Compliance Reports to the USFWS for 
each implementation year. COI-holders and the MIE will submit Annual Compliance Reports to 
the AIE for each implementation year. An implementation year extends from January 1 to 
December 31. Annual Compliance Reports will be submitted to the applicable entity by 
February 28 following completion of the implementation year. The AIE will maintain the COI-
holder Annual Compliance Reports submitted to the AIE over the term of the MWE. The AIE 
will compile and summarize COI-holder Annual Compliance Reports into a single AIE Annual 
Compliance Report for submittal to the USFWS Region 3 office, the Plan Area USFWS Field 
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Offices, and state wildlife agencies in which COI wind energy facilities are located by March 30 
following completion of the implementation year. The AIE will provide individual COI-holder 
Annual Compliance Reports to the USFWS upon receipt of a written request from the USFWS.  

Annual Compliance Reports will address, but not be limited to, the following reporting 
components described in the following subsections. Annual Compliance Reports prepared by the 
AIE will address these components by COI-holder. Annual Compliance Reports prepared by the 
MIE will address these components by COI-holder and individual Permittee. 

9.10.1.1 Mitigation-Related Compliance Reporting 

The following mitigation-related compliance elements of Annual Compliance Reports will be 
included, as applicable, in Annual Compliance Reports prepared by individual Permittees/COI-
holders and the MIE that are implementing mitigation. 

1. A description of the mitigation implemented in the reporting year in relationship to the 
requirements for the timing of mitigation actions relative to the timing of take of Covered 
Species (see Section 9.7.1).  

2. A summary of the completed or in-progress mitigation activities, including information 
related to type, extent, and location of restored and protected habitats and a description of 
the level of mitigation credit provided. The report will document, on an annual and 
cumulative basis, the mitigation actions implemented to date.  

3. A summary of all land management activities undertaken on MWE mitigation sites and 
site-specific management issues encountered, as applicable, by the MIE, COI-holder, and 
individual Permittee during the reporting year.  

4. A description of mitigation activities that have not been implemented in accordance with 
the mitigation schedule requirements in Section 9.7.1 (i.e., behind schedule) and an 
explanation for the deviation from the schedule and method of remediation. 

5. The mitigation-related compliance, effectiveness, and effects monitoring information 
required in Section 7.4.4. 

6. An annual and cumulative summary of all mitigation and monitoring activities and results 
implemented by USFWS-approved conservation programs that are implementing 
Kirtland’s warbler, interior least tern, and/or piping plover mitigation of behalf of 
individual Permittees/COI-holders.  

7. The name of the USFWS-approved organization(s) from which mitigation credits have 
been purchased and an annual and cumulative summary of purchased mitigation credits 
by Covered Species. 

8. An annual and cumulative summary to date of documented Covered Species and other 
native wildlife species fatalities (see Section 9.10.2).  
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9. A description of any instances of noncompliance with the provisions of the MWE 
mitigation-related requirements and, as applicable, to the ITP, COI, or MIE. 

10. For COI-holders, documentation of the mitigation-related funding assurances provided to 
the AIE (see Section 8.2.3.5.2). 

11. A description of the results of individual Permittee and AIE mitigation funding 
assurances reviews and any resulting augmentation of funding assurances (see 
Section 8.2.3.5). 

The MIE will also include: 

1. A summary of actual mitigation acquisition, habitat restoration management, and 
management costs of each mitigation site for use in adjusting mitigation fees in 
accordance with the provisions of Section 8.2.3.2.2. 

2. A description of any potential for non-compliance with implementing mitigation in 
accordance with the mitigation timing requirements (see Section 9.7.1). 

9.10.1.2 Wind Energy Facility-Related Compliance Reporting 

The following wind energy facility-related compliance elements of Annual Compliance Reports 
will be included in the Annual Compliance Reports prepared by individual Permittees/COI-
holders. 

1. A description of Covered Activities implemented (i.e., construction, operations and 
maintenance, decommissioning, reclamation, repowering). The description will include 
documentation of the AMMs that were implemented during the reporting year (see 
reporting requirements in Sections 7.2 and 7.3). 

2. A description of repowering and decommissioning BMPs (see Sections 5.1.3.3.3 and 
5.1.3.3.4) that were implemented during the reporting year. 

3. The siting, design, and construction compliance monitoring information required in 
Section 7.2.2.  

4. The operations-related compliance, effectiveness, and effects monitoring information 
required in Section 7.3.4. 

5. A cumulative accounting to date of all facility impacts (i.e., area and type of suitable and 
known occupied habitat of Covered Species affected, detected Covered Species fatalities, 
fatalities of non-Covered Species, and EoA software estimated take of Covered Species). 

6. A description of changed circumstances and actions to respond to changed circumstances 
(see Section 8.4), including the following: 

o A description of the changed circumstance and its effects on Covered Species. 
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o A description of the actions taken to address the changed circumstance and the 
effectiveness of those actions. 

o If applicable, methods and results of monitoring conducted to evaluate the 
effectiveness of implemented changed circumstance actions. 

o Outcomes of actions to address changed circumstances from earlier years. 

7. A description of any unforeseen circumstances occurrences and responses (see 
Section 8.3). 

8. A description of any instances of noncompliance with the provisions of the MWE and, as 
applicable, with the Master Permit, COI, or individual ITP. 

9. For COI-holders, documentation of the operations effectiveness monitoring and adaptive 
management funding assurances provided to the AIE (see Section 8.2.2.2). 

9.10.1.3 Changes and Amendments to the MWE and Take Authorizations 

Annual Compliance Reports prepared by individual Permittees and the AIE will include a 
summary of any minor amendments to the MWE and take authorizations proposed or approved 
during the implementation year (see Section 8.6.2). 

9.10.2 Reporting of Covered Species Fatalities 

Individual Permittees/COI-holders must report any detected fatality of a Covered Species to the 
USFWS within 2 business days of the detection of a confirmed fatality, including the date, 
species, and, if determinable, the age and sex of the fatality. If necessary, fatalities will be 
confirmed by a USFWS-approved species expert or genetic testing. The USFWS will provide 
instructions for the disposition of the carcasses. Confirmed fatalities are public information and 
must also be reported in Annual Compliance Reports as described in Section 9.10.1. 

9.10.3 Reporting of Changed Circumstances, Unforeseen 
Circumstances, and Adaptive Management Actions 

Individual Permittees, the AIE and the MIE for individual Permittee mitigation sites must report 
any occurrence of an unforeseen circumstance or changed circumstance to the USFWS within 5 
business days of the detection of the potential occurrence (see Sections 8.3 and 8.4, respectively). 
COI-holders and the MIE for COI-holder mitigation sites must report the occurrence of an 
unforeseen or changed circumstance to the AIE within 3 business days.  

The implementation of an adaptive management action described in Sections 7.3.3 and 7.4.3 will 
be reported by individual Permittees and the AIE to the USFWS within 2 business days of 
exceeding the adaptive management trigger. The detection and disposition of occurrences of 
changed circumstances and unforeseen circumstances, and implementation of adaptive 
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management actions, will also be reported in Annual Compliance Reports as described in 
Section 9.10.1. 

9.10.4 Reporting of Deviations in Adherence with Operations-
Related AMMs 

In the event of a detected instance of noncompliance with the operations-related AMMs 
described in Chapter 5 for each of the covered bat species and Kirtland’s warbler (e.g., as a result 
of operations systems failure), the individual Permittee/COI-holder will immediately feather the 
noncompliant wind turbines and will notify the USFWS within 2 business days of the detection. 
The individual Permittee or the AIE, as applicable, must coordinate with the USFWS to remedy 
the cause of the failure. Once the cause of the failure has been addressed, the affected wind 
turbine(s) may resume operations. Occurrences of noncompliance with the operations-related 
AMMs will also be reported in Annual Compliance Reports as described in Section 9.10.1. 

9.10.5 Reporting Deviations in Adherence with Siting, Design, and 
 Construction-Related AMMs 

In the event that an individual Permittee/COI-holder must deviate from the siting, design, and 
construction-related AMMs as described in the project proponent’s Facility-Specific Plan or COI 
Application (see Sections 9.4.1 and 9.4.2, respectively), the individual Permittee or AIE, as 
applicable, will notify and receive the approval of the USFWS for the proposed modification 
before its implementation. The individual Permittee or AIE will coordinate with the USFWS to 
implement actions that will remedy any adverse effects of the deviation.  

9.10.6 Reporting the Potential for MIE Failure to Meet Mitigation 
 Timing Requirements 

The MIE will notify the USFWS within 5 business days if the MIE discovers that it is unable to 
comply through good faith effort with the timing requirements for implementing mitigation (see 
Section 9.7.1) on behalf of one or more individual Permittees or COI-holders. The MIE will 
similarly notify the AIE for any of its affected COI-holder mitigation commitments and the 
affected individual Permittees for its contracted comitments. The notifications will include an 
explanation for the anticipated non-compliance, a description of the individual Permittee/COI-
holder mitigation obligations that are at risk, and potential solutions for either avoiding non-
compliance or steps that could be implemented to ensure that the mitigation will be implemented 
as soon as possible following a failure to meet timing requirements.  

9.11 ENFORCEMENT OF TERMS AND CONDITIONS OF TAKE 
 AUTHORIZATIONS 
The USFWS is directly responsible for enforcing the AIE’s and individual Permittee compliance 
with the requirements of the MWE and the terms and conditions of the Master Permit and 
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individual ITPs, respectively. The provisions that provide for the USFWS’s suspension or 
revocation of Master Permits and ITPs are described in Section 8.7.  

The AIE is directly responsible for enforcing COI-holder compliance with the requirements of 
the MWE and the terms and conditions of COIs through its Participation Agreements. On 
becoming aware of an instance of non-compliance, the AIE will notify the USFWS and the COI-
holder of the violation. The AIE will coordinate with the COI-holder to immediately bring the 
wind energy facility into compliance and may suspend the COI until such time as the COI-holder 
becomes compliant. If a COI-holder fails to implement the remedy within the time allotted by the 
AIE, the COI will be relinquished, suspended or revoked and, depending on the nature of the 
violation, the AIE may seek enforcement of a remedy through civil action under the provisions 
of the Participation Agreement. In addition, the MWE provides the USFWS with the authority to 
directly enforce compliance by the COI-holder, including suspending or revoking the COI as 
described in Section 8.7. The USFWS also maintains the authority to suspend or revoke the 
Master Permit for failure of the AIE to effectively enforce compliance by COI-holders.  

9.12 COMPREHENSIVE MWE IMPLEMENTATION STATUS REVIEWS 
The USFWS, in coordination with the individual Permittees, AIE, and the MIE will conduct a 
joint comprehensive status review of MWE implementation after the first 5 years following 
approval of the MWE (see Section 1.5) and every 5 years thereafter over the term of the MWE. 
At any time, however, the USFWS, an individual Permittee, AIE, or the MIE may request an 
interim status review to address any issues requiring earlier discussion. Concurrence of the 
USFWS and AIE is required for any interim status review. The MIE may request interim status 
reviews and shall participate in any portion of a status review relating to its responsibilities under 
the MWE, but its concurrence or participation is not otherwise required.  

Status reviews may address one or more of the MWE implementation elements identified below. 
The level of effort required to conduct each status review will vary with the degree of change in 
Plan Area conditions, availability of new information relevant to MWE implementation, and 
other factors that could affect implementation procedures over the course of the period under 
review. The USFWS will be responsible for coordinating each status review and the need to 
conduct any 5 year status review may be waived with the concurrence of the USFWS and AIE.  

The purpose of these status reviews is to provide the USFWS, individual Permittees, AIE, and 
MIE with a collaborative, methodical process to periodically evaluate the effectiveness of MWE 
implementation procedures. Results of comprehensive status reviews will be used to determine if 
the parties agree that adjustments should be made to MWE implementation procedures and 
approaches to mitigation, monitoring, and adaptive management through the minor amendment 
process described in Section 8.6.2.1.  



Plan Implementation  Chapter 9 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 9-49 

MWE implementation elements subject to status reviews include, but are not limited to, the 
following: 

• The efficacy of MWE implementation in meeting the biological goals and objectives (see 
Chapter 5); 

• Monitoring protocols and requirements (see Sections 7.2, 7.3, and 7.4); 

• Survey protocols and requirements (see Section 5.1.2); 

• The effectiveness of habitat mitigation stacking ratios (see Section 5.1.4.1); 

• The efficacy of using the Evidence of Absence method for estimating take based on 
monitoring results (see Section 7.3.2); 

• The effectiveness of methods used to estimate facility-specific take estimates (see 
Sections 9.4.4.1 and 9.4.4.2); 

• The effectiveness of REA models (see Appendix C) and other methods used to calculate 
mitigation requirements and level of take offset by proposed mitigation actions; 

• Mitigation options and approaches to habitat restoration (see Sections 5.2-5.8); 

• Adaptive management actions (see Sections 7.3.3 and 7.4.3); 

• Adjustments in AMM and BMP requirements (see Section 5.1.3 and Sections 5.2-5.8); 

• The use of deterrents or other measures approved by the USFWS that will reduce take of 
Covered Species. 

• Annual Compliance Report format and content (see Section 9.10.1); and 

• Guidelines for screening and evaluating lands under consideration for protection (see 
Section 5.1.4.2).  

Following each status review, the USFWS in coordination with the, participating individual 
Permittees, AIE, and the MIE will prepare a document summarizing the results of the status 
review and recommended corrective actions and supporting information. Comprehensive MWE 
Implementation Status Review reports will be distributed by the AIE to the USFWS, each 
individual Permittee, and the MIE.  

Proposed revisions to MWE elements subject to status reviews may only be incorporated as 
conditions of the MWE through the minor amendment process described in Section 8.6.2 if (1) 
the USFWS, individual Permittees, and the AIE agree to adopt the proposed revision(s) and (2) 
the proposed revision(s) meet the criteria described in Section 8.6.2.1 for implementing a minor 
amendment. Any proposed revision(s) that does not meet these requirements will either not be 
implemented or must be adopted through the major amendment process described in 
Section 8.6.3. 
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The Lifecycle of a Project – A Brief Synopsis. 
 By Kevin A. Martin  
March, 2009 
Revised February 2015 
 
Introduction 
 
To better understand the potential effects of a wind farm it is important to understand the components 
of the day-to-day work and general stages in the life of a utility-scale wind energy project.  This 
document gives a broad overview of the steps that go into the development and operation of a typical 
wind farm project.  The target audience is the U.S. Fish and Wildlife Service. 
 
A wind farm has a lifespan of 20-30 years that starts with development and goes through construction, 
operation and ends with decommissioning or occasionally repowering , i.e., replacing old turbines with 
newer ones.  For the purpose of this document this progression will be termed the Lifecycle of a typical 
wind farm.  Wind energy development is driven by a stepwise process that is fueled by the available 
wind resource at any given location.  Regardless of the land size, the geographic location or proximity to 
electricity demand, wind farms are limited by the quality character of the wind that blows through any 
project site.  For this reason, the planning and development process of any wind farm is a dynamic 
process guided by the collection and modeling of wind data on site.    
 
Prospecting 
Year 0-1 
Wind energy development is fueled by the available wind resource at any given location. The initial 
identification of a  location, coordination of participating land owners, and conceptual design for a wind 
farm  is typically done by the wind energy company.  However, often times the prospecting activities 
may be conducted by smaller wind development companies or agents who are most familiar with the 
local conditions prior to the involvement of the wind energy company that will eventually complete the 
development activities.  Once the framework for a conceptual design1 is put together by these entities, 
it is then offered to wind development companies to purchase and develop formally.  The condition that 
the conceptual design is in when offered to wind development companies varies, but essentially has the 
following components to it. 

1. One or more temporary meteorological-towers (met-towers) erected within the project area 
and collecting wind data for approximately one year. 

2. Project boundary  
3. List of participating and potential land owners that have contracted into land lease agreements. 
4. Documentation of any environmental assessments or surveys that have been performed to date 

and correspondence with agencies. 
5. Routes for transmission lines that exist for connecting the wind farm to the grid. 
6. List of possible utility companies that will purchase power 
7. Map showing preliminary turbine locations  
8. Initial feasibility studies to support an interconnection to the grid. 

 

                                                           
1 Conceptual design refers to the initial ideas intended for development of the wind farm prior to having enough 
information for more detailed design layouts.  After more information is gathered from the site the concept for the 
wind farm is molded into an engineering design that will optimize the performance of the operation. 
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1 Prospecting a Potential Wind Farm Location 

 
If there is sufficient information for the wind energy development company to manage the risk of the 
conceptual proposed project there may be several purchase options.   If the project is initially scoped 
and defined by a local developer or agent without the means to execute the project, it would typically 
be offered for sale to a larger wind developer or utility.  

1. Purchase the entire project for an agreed upon price and take full ownership of the project. 
2. Enter into a contract partnership between the independent agents and the wind energy 

development company that outlines the interaction and working relationship of both parties 
through development at a price that is based on megawatt energy produced at build out. 

3. Form a separate company that has Principals from both parties and is legally separate from both 
the independent company and energy development company.  This is one reason why wind 
farms have separate names and do business under that name.   
  

 
Siting/Development 
Year 1-3 (sometimes up to five years) 
Once the prospecting period is over and a suitable project area is identified, the owner/developer takes 
a lead role in the continued development and formalization of the conceptual design.   This is when the 
professional resources are brought to bear by the development company and staff technical specialists 
begin the various evaluations processes required to take the conceptual design to a finished and 
economically optimized form to get the project ready for construction.  However, typically a wind 
energy company will not invest significant resources in studies or engineering until they enter into a 
Power Purchase Agreement (PPA) with a utility or other entity that will purchase the electricity 
generated by the wind farm.  From the time a wind energy company enters into a PPA, they typically 
have 2-4 years to begin operations of the project. 
 
The process begins with the assignment of a project manager (developer) who will be in charge of all the 
components of taking the conceptual design through the environmental and regulatory planning 
process.  An interdisciplinary team of in-house and consultant staff will be charged with evaluation of 
the conceptual design and refinement of the final proposed project.  The interdisciplinary team is 
comprised of technical specialist from all over the world in the following (not limited to) fields: 

1. Civil engineering 2. Mechanical engineering 
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3. Transportation engineering 
4. Electrical engineering 
5. Meteorological modelers and wind 

assessment technicians 
6. Biologists 
7. Permitting specialists 
8. Wetland scientists 
9. Geologists 

10. Archaeologists 
11. GIS technicians 
12. Financial analysts 
13. Attorneys 
14. Environmental planners 
15. Telecommunication and radar 

technicians 
16. Surveyors 

 
Invariably, one of the most important aspects of the proposed wind farm is the wind resource.  
Meteorologists evaluate the quality of the wind data to-date and optimize the placement of existing and 
subsequent met-towers based on topography, initial wind characteristics, and the proposed turbine 
layout.  Over the course of the next one to two years, the modeling that is performed on the wind data 
will help refine the placement and operation of the wind turbines for optimal output given the climatic 
conditions of the site.  Because the placement of the wind turbines is determined by the modeling of the 
wind resource, the exact location of the wind turbines is not known until the last few months of 
development when decisions will be made regarding the optimal choice of turbine.  If the exact location 
of turbines is not known, study corridors will be used for the environmental assessment so that the 
planning process can continue and allow more weather data to be collected to refine the exact 
placement of the turbines.  
 
Once the exact location of the turbines has been refined from the conceptual design, the individual 
turbine locations will be evaluated against resource surveys performed for potential impacts to key 
resources such as wetlands, raptor nests, breeding areas, shadow flicker on nearby homes, noise to 
nearby residents, archeological sites, or sensitive plant locations.  If there is an issue of the turbine 
impacting a known resource, in most cases the turbine will be moved until it is no longer impacting the 
identified critical resource.  The adjustment can be several feet, several hundred feet, or elimination of 
the turbine all together.  This stage of turbine adjustment is called “micro-siting” and is done for all 
resources.   
 
The conceptual design is compared against local, state, and federal requirements, and if inconsistencies 
occur, either design changes or mitigations may be implemented.  Not all states have the same planning 
requirements for wind energy development.  Some states have very strict laws that apply to wind farm 
development while others have very limited oversight and may only include a permit for construction 
which can be obtained from the county building department.  Most projects will be required to submit 
application for a Conditional Use Permit (CUP) for the county they propose a project within.  The project 
managers and environmental staff work with the county planning department and the county attorney 
to draft a development agreement consistent with county, state, and federal codes and policies. Once 
this has been drafted it is presented to the county planning commission for approval.  This approval is 
subject to public review and input prior to a final approval being issues.  If the approval is appealed by 
any member of the public or interested party, the CUP may be elevated for hearing and approval by the 
County Board of Supervisors.  This may result in denial of the project subject to design modification or 
resolution of any dispute raised in the appeal.  It is the responsibility of the developer (project manager) 
to make sure that all local requirements are complete and that a project has no risk to operation from 
missing steps or avoiding planning requirements.  In some cases where a local ordinance does not 
account for the characteristics of wind farms, i.e., maximum height restrictions or setbacks from 
property lines, variances are applied for through a local permitting process to make provisions for the 
wind farm.  
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Each step of the development process is evaluated at milestone stages for a risk evaluation.  If the 
internal review identifies any issue that is not within regulatory or company standards, the issue is 
resolved before the project can continue to the next milestone.  The development phase does not end 
until all applicable permits or approvals including the FAA, USFWS, SHPO, ACOE, Water Quality Control 
Board, etc. are in hand  The end result of the development process is a Conditional Use Permit or Land 
Use Permit (LUP) issue and enforced by the County or local government.  The issued CUP or LUP will 
contain the details that the developer must abide by to construct the proposed project.   
 
In cases with a federal nexus,  NEPA regulations may warrant an environmental documentation process 
subject to public review.  As necessary, federal agencies are involved in the planning process in 
accordance with NEPA guidelines.  As projects are proposed, the potential impacts to resources 
regulated by federal agencies such as Federal Highway Administration, U.S. Fish and Wildlife Service, 
Army Corps of Engineers, etc. are identified to determine the appropriate level of coordination. 
 
Construction/Commissioning 
Year 3-4 
Once the CUP or LUP is issued, the conditions for the permit and the final approved design are then 
handed to the construction to team to implement.  The transition from planning to construction takes 
months of coordination before the right mix of technical expertise is gathered for engineering, procuring 
long-lead items are identified and procured and the information needed for ground breaking is 
disseminated.  The following steps will be required to construct a typical utility-scale wind farm.  Once 
construction starts it will typically take 8-10 months to complete. 

1. Contractors hired to perform: 
a. Grading plan and estimated earth work volumes for roads, turbine pads and 

equipment movement. 
 

b. Construction of electric cables from the wind turbines to the substation.  On-site- 
Collection system cables can be placed underground beneath or adjacent to the 
roads that are constructed or placed on power poles adjacent to the roads.  Typical 
placement is beneath the existing or constructed road bed.  This is done with 
equipment that is driven along the designed collection system route and lays and 
buries the wires as it moves.  Collection system lines get larger as they carry more 
power and get closer to the sub-station.  Cables will have the largest diameters at 
the sub-station (2”) and smallest at the turbines furthers from the substation (1/2”).  

i. Collection lines can be placed under wetlands and streams via directional 
drilling.  
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2 Collection System Cables from Turbine to Transformer 

 

 
3 Putting Collection System Cables Below Ground 

 
c. Construction of roads – Existing roads will be used to the fullest extent possible so 

as to avoid unnecessary impacts.  Each turbine will need a road built up to the base 
of the turbine.  Roads will have a typical design. 
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4 Road Graveled and Seeded with Native Veg. 

 
i. Roads will typically be 16’ wide compacted earth with a gravel base either 

raised or built with drainage features according to prescribed pollution 
elimination and run off elimination standards. 

ii. Initial roads will be widened to accommodate the crane used for 
construction.  This crane typically has a 30’ width and the road edges or 
shoulders are widened and leveled to accommodate it.  The surfaced roads 
are not widened to 30’.   The tracks of the crane are driven such that one is 
on the constructed road and the other track rides off the road on an area 
that has been cleared and compacted for safe travel.  Once the crane work 
is done, soil is replaced (if it was removed) and the area is revegetated as 
required back to the standard road width 

iii. The turning radius of the roads is evaluated to accommodate the long 
trailers that will be transporting turbine blades, towers, and turbine bodies 
to pad locations.  Some earth removal, straightening, and widening of roads 
may be necessary to allow trucks and trailers safe turning room.  
 
 

d. Design and Construction of turbine pads- Turbine pads are constructed of concrete 
and rebar that are designed and poured based on the conditions of the soil and the 
turbine manufacture standards.  The actual turbine pad at the base is 50’ x 50’ and 
is reinforced concrete. Additionally, an area for placing the crane is cleared around 
the turbine typically 50 m x 50 m and is compacted and covered with gravel.  
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5 Pouring a Foundation 

 

 
6 Rebar Frame 

 

 
7 Concrete Foundation Poured 
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8 Tower and Transformer Bases Poured 

 

 
9 Complete Base 

 
e. Construction of transmission lines- these lines are variable in size and must be run 

above ground on poles.  These lines carry electricity from the on-site substation to 
an off-site substation or transmission line where it feeds the electric grid.  These 
newly constructed transmission lines can be several miles in length.  Transmission 
lines must be constructed above ground.  Electrical losses from burying transmission 
lines under the ground is too great and the ability to maintain these buried lines 
should problems arise is extremely difficult.  

i. Poles supporting transmission lines can be either double “H” shape or single 
mono poles.  Construction materials can be wood, concrete, or metal. 

ii. Typical right-of-way is 125’ to each side of the lines.  This can vary by county 
or local ordinance and by voltage of the line.   

iii. Pole holes are excavated with an auger and then strung in runs with 
appropriate gauge wire. 

iv. Poles are spaced to span critical resources such as water ways or wetlands. 
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v. Transmission lines are typically constructed to Avian Power Line Interaction 
Committee guidelines for electrocution and collision reduction. 

 
10 Drilling Power Line Post Hole 

 

 
11 Laying Power Poles along the Route 

 
f. Construction of permanent met-towers- Once the project is constructed most if not 

all the temporary met-towers are taken down and replaced with a single permanent 
(sometimes 2) met-tower. These towers can be 80-95 m in height depending on the 
ability to model the wind for optimal turbine operation.  Permanent met-towers are 
typically unguyed. 
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12 Bird Diverters on Neutral Line on Transmission 

g. Assembly of turbine towers and generators- This requires a crane to lift the tower 
sections in place and men to manually bolt them together as it is constructed.  Work 
will be performed during low-wind hours of the day, which is usually early Morning.  
Crane work is avoided for safety reasons during windy periods of the day.  Typical 
construction time is 4-5 turbines constructed per week. 

i. Turbine towers are typically 80-95 m tall and are constructed by stacking 
three sections of rolled steel tubes and bolting them together.  Some newer 
designs for larger turbines require concrete towers that will have to be 
poured on site.  
 

 
13 Small Crane and Tower Sections 
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14 Small Crane Lifting First Section of Tower (cow has left the scene) 

 
 

ii. The crane is 30’ wide and is positioned to make all the lifts required with 
minimal relocation.  The crane operates on ground within what is termed a 
“crane pad”.  This pad provides a compact and level surface that supports 
the weight of the crane evenly and reduces the chance of the crane tipping 
from uneven or soft earth. 

iii. Once the tower is constructed the nacelle is lifted to the top of the tower 
and bolted in place.  These nacelles can weigh upward to 154 tons but 
typically weigh 70 tons. 

iv. Once the nacelle is in place the blades lifted and bolted onto the hub or the 
hub and blades are bolted together on the ground and then lifted as a unit 
and bolted in place.  
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15 Tower Up, Assembling the Rotor 

 
h. Construction of a sub-station- this area will be cleared and the earth compacted.  

Gravel will be spread deep enough to eliminate vegetation growth.  A chain link 
fence will be built with barbed wire to deter entry to the electrical components.  
The dimensions will vary, but will be approximately ¼ acre. 
 

 
16 Main Transformer for Substation 16 Axles on Trailer 
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17 Main Transformer Installed at Operational Substation 

 
i. Biological and Cultural monitors will work with construction crews in areas of critical 

or important resources such as wetlands, cultural sites, or locations of sensitive 
species to avoid impacts from construction equipment. 

 
 
Operation 
Year 4-20,30 
Once the project has been built operation begins once power is delivered to the grid.  On-site staff 
manages the wind farm on a day-to-day basis.  Not all wind developers continue on to operate the wind 
farm once it is constructed; therefore, many wind developers sell the wind farm once it is constructed.  
There are only a few companies in the U.S. that develop, construct, and operate the wind farm though 
it’s lifecycle.  
 
There are approximately 12 full-time staff that rotates shifts (for  90 – 200  MW size wind farm) so the 
wind farm is monitored 24 hours/day.  The monitoring of performance for each turbine is done via 
remote SCADA system  (SCADA stands for Supervisory Control And Data Acquisition. It generally refers to 
an industrial control system: a computer system monitoring and controlling a process).  This system is 
on-site in the Operation and Maintenance building.  The SCADA system reports any anomaly in the 
system so that immediate repair or maintenance can be performed.  
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18 O and M Building Adjacent to Substation 

Wind turbines are visited every couple of days for visual inspection of areas around the turbines to 
identify any erosion or non-mechanical maintenance that may be needed.  Turbine pads are kept free of 
debris and rodents are controlled if burrowing activities are observed around turbine pads.  Areas that 
have been revegetated or seeded are monitored for erosion and any need for erosion control or 
maintenance. Speed limits are posted on all roads within the project site and staff are expected to 
operate vehicles within the limits and weather conditions at all times.   
 

 
19 Reseeded Area Around Turbine, Staff Inspecting 

Project requirements will vary in regard to post-construction monitoring.  These activities are carried out 
with the supervision of the environmental staff of the operator. 
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Turbines operate at a fixed or variable rotational speed that generates a rated electrical output for each 
turbine.  Rotations speeds that the turbine is rated for is maintained for any given wind speed 
automatically by the turbine.  Each turbine has weather instruments that adjust the pitch of the blades 
so that as wind speeds change, the blades stay at a constant RPM.  Rotational speed ranges from 14-22 
RPM depending on the turbine manufacture.  It should be noted that current models of wind turbines do 
not rotate fast enough to “blur” the blades.  The units are large enough and the components massive 
enough as to see them at all wind speeds.   Modern turbines stop turning when winds exceed safe 
velocities of approximately 25 m/s.  This is termed cut-out speed.   The turbines do not start turning 
until the wind reaches approximately 3/ms – 4.0 m/s (although this will vary by turbine type).  This is 
termed cutin speed. 
 

 
20 Typical Layout 

 
Wind farms are developed and optimized for their output and returns on investment on a 20 or 30 year 
model.  Most costs in the lifecycle are capitalized and built into projects pro-forma during operations.  
Open ended operational restrictions such as curtailment may impact the ability of projects to get 
financing. 
 
Decommissioning 
Year 20 or 30 
As the end of the useful life of the equipment is reached there are two options for an operator.  One is 
to decommission the existing wind farm and remove the equipment and sell it for scrap and the other is 
to repower the existing array with new technology (still would sell the old stuff for scrap).  
Decommissioning is done by dismantling the turbines and towers and selling the raw components for 
scrap.  Buried collection lines are left in the ground.  These components are the steel and copper in lines 
and towers. Concrete pads are removed below the surface of the ground by jack hammer or explosive 
and then the remaining concrete is covered with soil.  Once the foundation is removed and covered, the 
gravel around the pad is removed and the compacted earth is ripped and seeded.  In areas of cultivated 



Pg 16 

fields, reseeding may be omitted to allow for crops to be planted.  The concrete removed is disposed of 
in appropriate manner depending on the local need for this material and disposal locations. 
 
Buried collection lines are left in place and not removed as they are buried 3-4 feet below the ground 
surface. All above-ground wires and components are removed and sold as scrap. 
Unnecessary roads are ripped and seeded if appropriate and or left for local land owner use.  These are 
at the discretion of the landowner and agreed upon by the operator. 
 
Repowering 
The alternative to only decommissioning is to repower the project with current technology.  This would 
still require decommissioning old equipment in preparation for newer turbines.  We are seeing many of 
the older California wind farms being repowered with new turbines.  As many as 20 old turbines can be 
replaced by a single turbine built with existing technology.  Repowering may initiate the permitting 
process again in some areas, but not necessarily.  Regardless, repowering will be a very viable option 
and technological advances even 10 years from now will produce turbines that are more efficient 
resulting in few turbines at and more electricity out of wind farm sites.  
 

 
21 History and History In the Making 
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APPENDIX B. MWE WIND DEVELOPMENT BUILD-OUT 
MODEL 

B.1 INTRODUCTION 

To estimate the potential level of impacts of future wind energy projects under the Midwest 
Wind Energy Multi-Species Habitat Conservation Plan (MWE) Covered Activities on Covered 
Species, a model was developed to spatially generate a reasonable simulation of potential 
locations of projects within the Covered Lands of the Plan Area (see Chapter 2). It is not known 
where wind energy projects will be developed, but a predictive model can be used to generate 
realistic scenarios of how build-out of future development might be distributed across the 
Covered Lands. A model for build-out of wind power projects that are included in the MWE 
Covered Activities (referred to as the “build-out model”) was specifically developed for this 
effects assessment. 

Simulated wind development scenarios were created for specified installment capacities (see 
Chapter 2) in the Covered Lands using a series of spatially explicit models. The scenarios 
represent hypothetical wind development based on simplifications of actual wind development 
processes. Each scenario is based on a same defined algorithm, but differs due to random 
processes within the algorithm. Multiple scenarios were output to provide a way to evaluate the 
variability of the model. 

The build-out model is comprised of two phases. The first phase models wind development 
potential based on characteristics of the landscape. The second phase simulates build-out 
scenarios based on the wind development potential map of the first phase. The final product is 
the predicted development scenarios based on the predicted wind energy installment capacity. 
The model does not specify a time component for the build-out, i.e., the build-out can be phased-
in and summary maps and statistics can be made for incremental steps up to the build-out 
installment capacity, but time is not explicitly associated with modeled steps or final capacity. 

B.2 WIND POWER DEVELOPMENT POTENTIAL MODEL 

B.2.1 Methods 

The development potential model provided spatially explicit predictions of development 
potential for a grid of cells in the Plan Area. This prediction formed the “base” layer for the 
build-out specification model. The spatial extent of the model is based on a grid of 9.9 million 
pixels of size 500 m x 500 m covering the Plan Area. 

The development potential model is a linear statistical model with a binomial response variable 
equal to a 1 if there was an operating wind facility present in the grid cell, and a 0 if there was 
not an operating wind facility present in the grid cell. The presence or absence of a wind facility 
was determined using the Wind Farm Boundaries shapefile in the EV Energy Map obtained from 
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Ventyx, Inc. in October 2012 (Figure B-1). This layer was “developed from various sources such 
as maps filed with permit applications, FAA obstacle data or aerial imagery,” as stated in the 
Ventyx shapefile descriptions. A comparison of this shapefile with the American Wind Energy 
Association (AWEA) online project database (summary file prepared by John Hensley on 
December 12, 2012, “Projects in Midwest for John Anderspn.xlsx”) showed very high 
correlations between the two data sources (Table B-1). The Ventyx shapefile was used as the 
response in the statistical model because the spatially explicit nature of the data allowed grid cell 
level calculations and predictions. 

Table B-1. Direction of Association between Wind Development and Variables in 
the Wind Power Development Potential Model. A “+” Indicates Positive 

Correlation and “-“ Indicates Negative Correlation 

Variable Relationship to Wind 
Development 

Distance to Interstate - 
Distance to Transmission Line - 

Distance to Urban Areas + 
Wind power class 2 (50 m resolution) + 
Wind power class 3 (50 m resolution) + 
Wind power class 4 (50 m resolution) + 
Wind power class 5 (50 m resolution) + 
Wind power class 3 (25 km resolution) - 
Wind power class 4 (25 km resolution) - 

The model uses a set of predictor variables, or factors, that were determined to be possible 
predictors of wind development: 

• Longitude (linear, quadratic, and 4th order polynomial) 
• Latitude (linear, quadratic, and 4th order polynomial) 
• Distance to the nearest transmission line greater than 230 kV (linear, quadratic, and 

exponential; Data source: Ventyx Transmission Lines shapefile) (Figure B-2) 
• Distance to the nearest road (linear, quadratic, and exponential; Data source: ERSI) 
• Distance to the nearest interstate (linear, quadratic, and exponential; Data source: ERSI) 
• Distance to the nearest urban area (linear, quadratic, and exponential; Data source: ERSI) 

(Figure B-3) 
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Figure B-1. Existing Operational Wind Farms 
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Figure B-2. Transmission Lines Greater than 230K Used to Determine the 

Distance to Nearest Transmission Line for Each Grid Cell 
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Figure B-3. Urban Areas Used to Determine the Distance to Nearest Urban Area 

for Each Grid Cell 
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• Area of each wind power class, 50 m resolution (Data source: NREL Wind Energy 
Resource Atlas of the United States 50 m AGL on a 50 m grid cell resolution)  
(Figure B-4) 

• Area of each wind power class, 25 km resolution (Data source: NREL Annual average 
wind resource potential for the United States, 25 km AGL for 25 km grid cell resolution) 
(Figure B-5) 

Note that the 50 m resolution wind power class data (Figure B-4) exhibits discontinuities along 
some state boundaries. This NREL dataset represents the aggregate of multiple datasets for 
different states and regions, and in some cases the original datasets were developed from 
different models for the wind resource. 

Each factor was compared to current wind development at the grid cell level. The correlation 
between each factor and the presence/absence of current development was assessed. Models with 
different sets of the predictor variables were compared using the Akaike information criterion 
(AIC) statistic with lower values of AIC indicating better model fit. The final model was used to 
predict relative probability of wind development for each grid cell in the Plan Area. Essentially, 
high probabilities are predicted for areas that exhibit similar characteristics to areas that have 
been developed in the past.  

B.2.2 Results 

The final wind power development potential model was chosen based on AIC and feedback from 
wind industry members of the Wind Energy Bat Action Team (WEBAT). The model contains 
the log of distance to nearest interstate, log of distance to nearest transmission line, the log of 
distance to nearest urban area, the area of wind power class 2, 3, 4, and 5 from the high 
resolution data (50 m) and the area of wind power class 3 and 4 from the low resolution (25 km) 
dataset (Table B-1). Higher values of the relative probability of wind development were 
associated with lower values of distance to interstate, and lower values of distance to 
transmission lines (i.e. closer to interstates and transmission lines). Higher values of the relative 
probability of wind development were associated with higher values of distance to urban areas 
(i.e. further from urban areas). Higher values of the relative probability of wind development 
were associated with higher areas of wind power classes 2, 3, 4 and 5 from the high resolution 
dataset. Higher values of the relative probability of wind development were associated with 
lower areas of wind power classes 3, and 4 from the low resolution dataset. Model predicted 
probabilities classified into quintiles (lowest 20 percent, …, highest 20 percent) are shown in 
Figure B-6. Discontinuity in predicted relative probability at state boundaries is a reflection of 
the discontinuity in the 50 m wind power class dataset. However, as noted below (A.3.2.6), this 
was not an issue for the build-out specification model because build-out was simulated 
independently within each state. 
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Figure B-4. Wind Power Classes for 50-Meter Resolution 
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Figure B-5. Wind Power Classes for 25-Kilometer Resolution 
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Figure B-6. Predicted Relative Probability of Wind Development from the Wind 

Power Development Potential Model 
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B.3 BUILD-OUT SPECIFICATION MODEL 

B.3.1 Introduction 

The objective of the build-out model is to produce spatially explicit estimates of future wind 
project development within the Covered Lands of the Plan Area. Projecting the spatial 
distribution of future development relies on estimation or specification of: (1) total future wind 
energy capacity for the Plan Area (as described in Chapter 2); (2) a model of current wind power 
development potential (as described in Section B.2,); and, (3) the Covered Lands, (as described 
in Chapter 1). In brief, the build-out specification model randomly allocates future development 
across the landscape such that areas with higher development potential are more likely to be 
selected but areas with low development potential may still be selected occasionally. The model 
considers four future development horizons in terms of total developed megawatts (MW) within 
the Covered Lands. While each development horizon is assumed to represent a particular future 
time period (e.g., 2015-2020), time itself is not explicit in the model. The resulting spatially 
explicit estimates of wind development are used in further modeling of indirect effects on bats 
and birds (Section 4.8.2). For Indiana bats, the additional modeling includes potential encounters 
with wind projects during seasonal migration between hibernacula and maternity colonies 
(Section 4.3.4.1). Separate modeling for other bat species addresses direct habitat loss due to 
project construction (Sections 4.3.2.1.1, 4.4.2.1.1, 4.5.2.1.1, 4.6.2.1.1, and 4.7.2.1.1). In addition, 
results of the build-out model are used in the estimation of direct take of Indiana bats; more 
particularly, total region-wide take is predicted for each year of the HCP (Section 4.3.1.2.6), and 
by both year and season (Section 4.3.1.2.7). 

B.3.2 Methods 

B.3.2.1 Existing Development 

The December 2012 Wind Farm Boundaries shapefile from Ventyx was used to represent 
existing wind power development within the Plan Area (Table B-2). This development was 
considered part of the baseline environmental conditions that contribute to bat and bird mortality. 
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Table B-2. Comparison of Total Online MW in each State in the Plan Area for the 
AWEA Provided Project List and the Ventyx Wind Farm Shapefile Project List. The 
Number of Projects (n) Differs Due to Ventyx Combining Phases of Wind Projects 

in the Shapefile 

State 
AWEA Ventyx Difference 

(MW) n MW n MW 
IA 128 4536 40 4413 123 
IL 43 3055 19 3048 7 
IN 22 1343 4 1340 3 
MI 17 515 5 482 33 
MN 152 2718 72 2628 90 
MO 7 459 6 459 0 
OH 26 420 5 422 -2 
WI 19 636 11 634 2 

Total 414 13681 162 13425 256 

B.3.2.2 Wind Energy Capacity and Allocation of Future Development 

Future development of wind energy within the Plan Area was assumed to be a constant 2200 
MW per year for all years 2013-2030, inclusive (Table B-3). Allocation of that annual 2200 MW 
among the eight states in the Plan Area was based primarily on each state’s share of the market 
in the recent past and, to a lesser extent, each state’s Renewable Portfolio Standard 
(RPS).Proportional allocation among states in the recent past was assumed to be the best 
predictor of future allocation. An alternative based on total installed capacity in each state, for 
instance, represents historical conditions considered to be less relevant for future development. 

First, percentage market share for each state was calculated for the period 2010-2012. For each 
of the 5-year periods, 2016-2020, 2012-2025, and 2026-2030, a given state received that same 
percentage of the 11,000 MW allocated to the entire Plan Area. For instance, Ohio’s share of the 
Plan Area’s market in 2010-2012 was 6.2 percent; thus, every five years beginning with 2016, 
Ohio’s predicted development was calculated as 676.8 MW (=11000×0.062). For the nearer 
term, the period 2013-2015, predicted development was calculated similarly (as a percentage of 
the Plan Area’s total of 6,600 MW) but it was compared to the RPS for each state. If the RPS 
was greater than the predicted value, then that state’s allocation was the RPS. Otherwise, the 
state’s allocation was the predicted development, re-scaled so that total development in the Plan 
Area remained at 6,600 MW. 
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Table B-3. Predicted MW of Development for each State in the Plan Area at each 
of Four Development Horizons. Predictions are Treated as Development 

Objectives within the Build-Out Specification Model 
State 2013-20151 2016-2020 2021-2025  2026-2030 Total 

IA 854.2 2369.3 2369.3 2369.3 7962.1 
IL 1173.5 3254.9 3254.9 3254.9 10938.2 
IN 295.3 819.1 819.1 819.1 2752.6 
MI 1666.0 1364.5 1364.5 1364.5 5759.6 
MN 702.8 1949.4 1949.4 1949.4 6551.0 
MO 641.7 242.4 242.4 242.4 1369.0 
OH 667.1 676.8 676.8 676.8 2697.4 
WI 599.4 323.6 323.6 323.6 1570.1 

Total 6600.0 11000.0 11000.0 11000.0 39600.0 
1 Considered part of environmental baseline (in addition to current development, Table 1), but modeled using 
same methods as subsequent development. 

The period 2013-2015 is regarded as part of the environmental baseline along with the existing 
wind development ,based on the assumption that MWE authorization will occur at the end of 
2015 or early 2016. Within the build-out specification model the period 2013-2015 was treated 
identically to subsequent periods, that is, the methods for simulating development of future wind 
projects on the landscape were the same for all periods beyond 2012.  

B.3.2.3 Covered Lands 

Modeled build-out projects were only placed on areas identified in a “MWE Covered Lands” 
shapefile (provided by Erik Olson, USFWS, on December 31, 2012; see Chapter 1). However, 
note that there are several existing wind projects within non-covered lands in the Plan Area. 

B.3.2.4 Wind Project Energy Density and Size 

All simulated wind projects were assumed to have constant energy density of 0.0412 
MW/hectare (equivalent to 60 acres per MW) (John Anderson, pers. comm.). Design objectives 
included five alternate sizes of wind project (Table B-4), all with a square shape. The square 
shape was chosen in part as a modeling convenience, as it was easily reconciled with the 
underlying wind development potential raster layer, and it facilitated areal calculations. Also, in 
earlier consultation with wind energy representatives, it was determined that prediction of wind 
project shape at regional scales was not practical; thus, a square shape was deemed to be a 
reasonable approximation. Typical project size was 300 MW, with two smaller project sizes and 
two larger project sizes. Relative frequencies and project sizes were chosen such that smaller and 
larger projects were “built” less frequently than the typical project and such that the expected 
(i.e., long-run average) size was 300 MW. This 300 MW objective was not based on current 
project sizes, but rather wind industry projections of typical future project size over the lifetime 
of the HCP. The intent in using several project sizes was to represent variability in a relatively 
simple way, recognizing that actual variability is more complicated. By design, all five project 



MWE Wind Development Build-Out Model Appendix B 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page B-13 

sizes occurred together in a single simulated build-out. Note that project dimensions were 
constrained by the 500-meter resolution of the development potential grid and the specification 
for square shape, such that simulated projects were slightly smaller or larger than the objectives). 
Furthermore, projects were sometimes down-sized to accommodate the MW objective in each 
state at each development horizon (Table B-3). Also, while projects tended to be square, both 
shape and size were adjusted if the selected location was adjacent to an irregularly shaped 
boundary (e.g., a boundary of an existing wind project or of non-covered lands). 

Table B-4. Wind Project Size Objectives in the Build-Out Model 
Design Objectives Simulated Size 

MW Frequency Hectares Acres # Grid Cells MW 

Length 
of Side 

(km) 
100 0.09 2,025 5,004 81 83.4 4.5 
150 0.25 4,225 10,440 169 174.0 6.5 
300 0.50 7,225 17,853 289 297.6 8.5 
600 0.12 15,625 38,610 625 643.5 12.5 
900 0.04 21,025 51,954 841 865.9 14.5 

B.3.2.5 Smoothing and Ranking Development Potential 

A composite grid was constructed from the grid layers representing development potential and 
Covered Lands. Note that while development potential was calculated for the entire Plan Area as 
well as some offshore areas in the Great Lakes (Figure B-6), smoothing and subsequent sampling 
and simulated build-out were confined to Covered Lands. Smoothed versions of the composite 
were obtained using five moving-average windows (a separate window for each of the five 
project sizes) to calculate mean development potential, such that non-covered lands made no 
contribution to the running means. Thus, in each of the final smoothed composites, the value for 
any particular grid cell was the mean development potential within the square window centered 
on that cell. If a small number of cells fell within an area of non-covered land or within an 
existing project, then the remaining cells in the window contributed to the mean. However, if 
more than half of the grid cells within a window fell within non-covered land or an existing 
project, then the mean was not calculated and that particular window was not available for 
development. For each of the five composites, grid cells were ranked from highest to lowest 
based on the smoothed (averaged) development potential within each of the states (Table B-3). 
The sorted lists of cells represented sampling frames from which projects were selected as 
described in the following section. 

B.3.2.6 Random Sampling of Areas for Build-Out 

The random sampling procedure was a form of unequal probability sampling where sample 
weights were based on the distribution of smoothed development potential values within each 
state. While a single development potential model (Section B.2) was estimated for the entire Plan 
Area, sampling treated each state independently. This approach was necessary to meet the 
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development objectives (Table B-3) for each state. For the same reason, independent sampling 
within each state would have been necessary even if separate state-by-state development 
potential models had been estimated. Furthermore, independently sampling each state obviated 
the apparent problem in discontinuous predicted probabilities from the development potential 
model (Figure B-6). 

Recall that smoothing applied moving window averages to relative probabilities of development. 
In turn, in terms of sampling, smoothed development potential values represented sample 
weights, wi, such that the absolute probability of selecting the ith grid cell as the center of a wind 
project from among the n available grid cells in a state was 𝑝𝑖 = 𝑤𝑖 ∑ 𝑤𝑖

𝑛
𝑖=1⁄ . Thus, the 

probability of selecting a grid cell for ‘building’ a wind project was closely related to the 
estimated relative probability of development potential, though relative probabilities were first 
smoothed and, furthermore, random selection was conducted independently within each state. As 
described below, each smoothed composite grid could be sampled as appropriate for the selected 
project size. 

B.3.2.7 Predicting Build-Out 

Modeled wind projects were always square by design, though the final outline was altered as 
necessary to accommodate either non-covered areas or existing wind projects within the square, 
or to adjust to Plan Area boundaries. Overlap of new and existing wind projects was not allowed 
within the model, as this would have implied variable energy density of projects, ambiguous 
distinction of ‘baseline’ and ‘buildout’, and more complicated calculation of area occupied by 
build-out. Project sizes were nominally fixed by design (Table B-4), though the selected size was 
sometimes reduced to accommodate adjacent features. Furthermore, to match the objectives at 
each of the development horizons (Table B-3) as closely as possible, the size of an individual 
project might be intentionally reduced, while retaining the square outline. 

Each state was treated separately in predicting build-out. Time was not explicit in the build-out 
model. Rather, individual projects were added to the landscape sequentially to meet the objective 
(Table B-3) at each development horizon. For a given state, the process was stopped when the 
final development objective was reached. 

In general, cells were selected from the smoothed development potential grids such that projects 
could be adjacent to each other, but could not overlap. In detail, the process was as follows. First, 
within a particular state, a project size was randomly selected according to the relative 
frequencies in Table B-4; for instance a 300 MW project had a 50 percent chance of being 
selected while a 900 MW project had a 4 percent chance of being selected. A grid cell was 
selected from the appropriate sampling frame following the weighted random sampling 
procedure described above, and a wind project was centered on that cell. The energy contribution 
(total MW) was calculated based on the number of available cells within the project, i.e., cells 
not occupied by existing wind projects, previous build-out projects, or non-covered lands (as 
noted above, project sizes in Table B-4 were not rigidly fixed). To prevent overlap of successive 
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projects, all grid cells within the project plus cells within a buffer equal to the half-width of the 
average project size were removed from each of the five sampling frames. Note that grid cells 
within the buffer were removed from the sampling frames (for selection as the center of an 
additional project) but were still available for development; furthermore, adjacent projects could 
occur as build-out proceeded. “Building” the next project within the state followed the same 
procedure: (1) random selection of project size; (2) random selection of a particular grid cell 
from the sampling frame appropriate for that project size; (3) labeling all grid cells within the 
project (i.e., effectively “building” the project); (4) accumulating the project’s energy 
contribution; and, (5) removing grid cells within the buffered project from all the sampling 
frames. This process was repeated with individual projects added successively. When the 
objective at the first development horizon (Table B-3) was exceeded, the size of the last project 
was reduced such that the total energy contribution was as close as possible to the development 
objective. Because reduced projects were constrained to be square and because of the discrete 
character of grid cells, it was not possible in general to precisely match the development 
objective. Modeled build-out continued in this fashion until the objective at the last development 
horizon was met. 

The entire build-out process was repeated 100 times and all results were stored. Randomization 
ensured unbiased selection of project areas (i.e., no bias other than the intentional bias due to 
unequal development potential), and it meant that the probability of repeating any particular 
build-out pattern was vanishingly small. 

B.3.3 Results 

Build-out model results are summarized in terms of number of projects (Table B-5), area 
(Table B-6), and energy capacity (Table B-7). All tables contain summaries of the 100 
randomization; mean values are accompanied by the 5th and 95th percentiles (enclosing the 
central 90 percent of the distribution). The 5th and 95th percentiles in Table B-5 to Table B-7 
indicate that, among the 100 randomizations, there was relatively little variation in total area and 
energy capacity as expected, since area and energy capacity were model design objectives. In 
contrast, the number of wind projects was not established in the model design and consequently 
sometimes showed substantial variation (Table B-5). Mean predicted total energy capacity within 
each state and within the Plan Area as a whole is close to the corresponding total development 
objective (compare the last columns of Tables (Table B-3 and Table B-7); the difference is 
within 1 percent of the objective in nearly every case (in Missouri the difference is 1.04 percent). 
As described in Methods above, mismatches are primarily due to both the constraint that projects 
are square and the discrete character of the grid – an individual grid cell either contributes 25 
hectares (~1 MW) or not.  
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Table B-5. Cumulative Number of Simulated Projects by State and Development 
Horizon. Mean Number of Projects in 100 Random Build-Outs, with 5th and 95th 

Percentiles in Parentheses 

State 
Development Horizon 

2015 2020 2025 2030 

IA 3.8 
(1, 6) 

12.4 
(9, 18) 

21.2 
(16, 26) 

29.4 
(24, 35) 

IL 4.8 
(3, 7) 

16.1 
(11, 21) 

27.3 
(20, 33) 

38.7 
(31, 47) 

IN 1.4 
(1, 3) 

5.0 
(3, 8) 

8.5 
(5, 12) 

11.8 
(8, 17) 

MI 6.1 
(3, 9) 

11.2 
(8, 15) 

16.4 
(12, 21) 

21.9 
(18, 27) 

MN 3.1 
(1, 4) 

9.9 
(6, 13) 

17.0 
(12, 21) 

23.6 
(17, 28) 

MO 3.0 
(1, 5) 

4.4 
(3, 6) 

6.0 
(4, 8) 

7.5 
(5, 10) 

OH 3.0 
(2, 4) 

6.0 
(4, 8) 

8.8 
(7, 10) 

11.6 
(8, 15) 

WI 2.6 
(1, 4) 

4.4 
(2, 6) 

6.1 
(4, 9) 

7.9 
(5, 11) 

Plan Area 27.8 
(25, 32) 

69.4 
(63, 77) 

111.5 
(105, 120) 

152.3 
(139, 161) 

 
Table B-6. Cumulative Area in Hectares of Simulated Projects by State. Mean Area 

of Projects in 100 Random Build-Outs, with 5th and 95th Percentiles in 
Parentheses 

State 
Development Horizon 

2015 2020 2025 2030 

IA 20,908 
(20,625, 21,675) 

78,499 
(77,750, 79,400) 

136,132 
(135,475, 137,500) 

193,386 
(191,400, 195,075) 

IL 28,996 
(28,300, 30,175) 

107,660 
(106,525, 108,625) 

186,655 
(185,000, 188,075) 

265,936 
(263,500, 268,000) 

IN 7,276 
(7,125, 7,825) 

27,405 
(26,850, 28,650) 

47,231 
(46,725, 48,025) 

67,141 
(66,200, 68,675) 

MI 40,867 
(40,175, 42,300) 

73,958 
(73,325, 75,025) 

106,965 
(105,925, 107,875) 

140,129 
(138,550, 141,200) 

MN 17,353 
(16,900, 18,250) 

64,564 
(63,800, 65,525) 

111,847 
(110,825, 113,050) 

159,342 
(158,300, 160,400) 

MO 15,781 
(15,450, 16,500) 

21,640 
(21,300, 22,675) 

27,602 
(27,100, 28,525) 

33,589 
(33,000, 34,425) 

OH 16,538 
(16,125, 17,450) 

32,878 
(32,350, 33,850) 

49,287 
(48,675, 50,425) 

65,850 
(64,875, 67,375) 

WI 14,889 
(14,425, 15,675) 

22,668 
(22,200, 23,500) 

30,593 
(30,075, 31,425) 

38,365 
(37,775, 39,075) 

Plan Area 162,608 
(160,900, 163,900) 

429,272 
(427,300, 431,700) 

696,312 
(694,025, 698,175) 

963,738 
(960,400, 966,800) 
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Table B-7. Cumulative Capacity in Megawatts of Simulated Projects by State. 
Mean Capacity of Projects in 100 Random Build-Outs, with 5th and 95th Percentiles 

in Parentheses 

State 
Development Horizon 

2015 2020 2025 2030 

IA 861 
(849, 892) 

3,233 
(3,202, 3,270) 

5,607 
(5,579, 5,662) 

7,964 
(7,882, 8,034) 

IL 1,194 
(1,165, 1,242) 

4,434 
(4,387, 4,473) 

7,687 
(7,619, 7,745) 

10,952 
(10,852, 11,037) 

IN 300 
(293, 322) 

1,129 
(1,105, 1,179) 

1,945 
(1,924, 1,977) 

2,765 
(2,726, 2,828) 

MI 1,683 
(1,654, 1,742) 

3,046 
(3,019, 3,089) 

4,405 
(4,362, 4,442) 

5,771 
(5,706, 5,815) 

MN 715 
(696, 751) 

2,659 
(2,627, 2,698) 

4,606 
(4,564, 4,655) 

6,562 
(6,519, 6,605) 

MO 650 
(636, 679) 

891 
(877, 933) 

1,137 
(1,116, 1,174) 

1,383 
(1,359, 1,417) 

OH 681 
(664, 718) 

1,354 
(1,332, 1,394) 

2,030 
(2,004, 2,076) 

2,712 
(2,671, 2,774) 

WI 613 
(594, 645) 

934 
(914, 967) 

1,260 
(1,238, 1,294) 

1,580 
(1,555, 1,609) 

Plan Area 6,697 
(6,626, 6,750) 

17,679 
(17,598, 17,779) 

28,677 
(28,582, 28,753) 

39,691 
(39,553, 39,816) 

Average capacity of projects throughout the Plan Area was 260.6 MW (Table B-8), about 
13 percent lower than the nominal objective of 300 MW. Those states with the smallest 
development objectives, Missouri and Wisconsin (Table B-3), had the smallest projects on 
average, 184.4 MW and 200.0 MW, respectively. These results reflect compromises project size 
objectives (Table B-4) and other model design objectives, in particular that projects should be 
built where development potential is higher, and could not be built such that they overlap non-
covered lands or existing projects. 

Table B-8. Mean Project Capacity at the Final Build-Out, by State. Project Capacity 
Calculated as Mean Cumulative Capacity in each State (last column in Table 6) 

Divided by Mean Cumulative Number of Projects (last column in Table 4) 
State Project Capacity (MW) 

IA 270.9 
IL 283.0 
IN 234.3 
MI 263.5 
MN 278.1 
MO 184.4 
OH 233.8 
WI 200.0 

Plan Area 260.6 
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Locations and sizes of simulated wind projects are shown for two independent realizations of the 
random build-out model (Figure B-7 and Figure B-8) and a closer view of Illinois is shown for 
the second realization (Figure B-9). In general, projects tend to be built where development 
potential is greatest (previous section, Figure B-6). To some extent, simulated projects follow the 
spatial pattern shown by existing projects, but also tend to be somewhat more dispersed on the 
landscape. As intended, simulated projects are generally square and show variability in size 
(Figure B-9). Also, new projects are occasionally predicted to be built adjacent to either existing 
projects or non-covered lands (Figure B-9). 

Major Assumptions 

Results of the build-out model necessarily depend on the assumptions and, thus, the associated 
uncertainties in the two component sub-models. Major assumptions include: (1a) current wind 
power development is accurately described by the development potential model; (1b) a corollary 
of (1a) is that other factors known to influence siting of particular projects, such as economic and 
political considerations, can be ignored; (2) future wind power development will be similar to 
current development, i.e., future development will depend on the same landscape features and 
the relative importance of these features will be the same; (3) wind industry predictions of future 
development – in terms of total MW and its allocation among the states – is accurate; (4) areas 
currently available for development (covered lands) will remain available in the future; 
(5) simulated wind project size and shape provide an adequate representation of future 
development with respect to model outcomes of interest (e.g., habitat loss); (6) translating 
predicted relative probabilities from the development potential model into absolute probabilities 
in the build-out specification model is reasonable and does not distort likelihood of development; 
and, (7) the modeled sequential build-out and the attendant dependencies in the process 
adequately represents the real process in which build-out may occur in different areas 
simultaneously and by different developers independently. 
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Figure B-7. Example 1 of an Independent Realization of the Build-Out Model 
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Figure B-8. Example 2 of an Independent Realization of the Build-Out Model 
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Figure B-9. Enlargement of Illinois from Example 2 of an Independent Realization 

of the Build-Out Model 
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Resource Equivalency Analysis (REA) Models 





86 
 

 

APPENDIX G: EXAMPLES USING RESOURCE EQUIVALENCY ANALYSIS TO ESTIMATE THE 
COMPENSATORY MITIGATION FOR THE TAKE OF GOLDEN AND BALD EAGLES FROM WIND 

ENERGY DEVELOPMENT 
 
1.  Introduction	
This	appendix	provides	Resource	Equivalency	Analysis	(REA)	examples	developed	by	the	Service	to	
illustrate	the	calculation	of	compensatory	mitigation	for	the	annual	loss	of	golden	(GOEA)	eagles	
and	bald	(BAEA)	eagles	caused	by	wind	power	if	conservation	measures	and	ACPs	do	not	remove	
the	potential	for	take,	and	the	projected	take	exceeds	calculated	thresholds	for	the	species	or	
management	population	affected.		These	examples	result	in	estimates	of	the	number	of	high‐risk	
electric	power	poles	that	would	need	to	be	retrofitted	per	eagle	taken	based	on	the	inputs	provided	
below.		Detailed	explanatory	documentation,	literature,	and	supporting	REA	spreadsheets	are	now	
located	at:	www.fws.gov/windenergy/index.html	
	
As	a	framework	for	compensatory	mitigation,	it	needs	to	be	clear	that	the	results	provided	below	
are	an	illustration	of	how	REA	works	given	the	current	understanding	of	GOEA	and	BAEA	life	
history	inputs,	effectiveness	of	retrofitting	high‐risk	electric	power	poles,	the	expected	annual	take,	
and	the	timing	of	both	the	eagle	take	permit	and	implementation	of	compensatory	mitigation.		As	
would	be	expected,	the	estimated	number	of	eagle	fatalities	and	the	permit	renewal	period	affect	
the	number	of	poles	to	be	retrofitted.		Delays	in	retrofitting	would	lead	to	more	retrofitted	poles	
owed.		New	information	on	changes	in	the	level	of	take,	understanding	of	the	eagle	life	history,	or	
effectiveness	of	retrofitting	could	be	used	to	change	the	number	of	retrofitted	poles	needed	for	
compensation.		Finally,	while	only	electric	pole	retrofitting	is	presented	here	in	detail,	the	REA	
metric	of	bird‐years	lends	itself	to	consideration	of	other	compensatory	mitigation	options	to	
achieve	the	no‐net‐loss	standard	in	the	future.		With	enough	reliable	information,	any	
compensatory	mitigation	that	directly	leads	to	an	increased	number	of	GOEA	and	BAEA	(e.g.,	
habitat	restoration)	or	the	avoided	loss	of	these	eagles	(e.g.,	reducing	vehicle/eagle	collisions,	
making	livestock	water	tanks	‘eagle‐safe’,	lead	ammunition	abatement,	etc.)	could	be	considered	for	
compensation	within	the	context	of	the	REA.	
	
2.  REA Inputs	
The	best	available	peer‐reviewed,	published	data	are	provided	in	Tables	G‐1	and	G‐2.		It	should	be	
noted	that	additional	modeling	work	within	the	REA	may	be	needed,	particularly	on	issues	related	
to	migration,	adult	female	survivorship,	natal	dispersal,	age	at	first	breeding,	and	population	sex	
ratio.	
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Table G-1.  EXAMPLE INPUTS. REA Inputs to Develop a Framework of Compensatory Mitigation for Potential Take 
of GOEA from Wind Energy Development 
	

Parameter	 REA	Input	 Reference	

Start	year	of	permit	 2012	 Example.	
Length	of	permit	renewal	

period	
5	years	 Example.	

Estimated	take	 1	eagle/year	 Example.	

Average	maximum	
lifespan	

30	years	
28	years,	3	months,	USGS	Bird	Banding	

Lab.	
Consistent	with	Cole	(2010)	approach.	

Age	distribution	of	birds	
killed	at	wind	facilities	

(based	on	age	
distribution	of	GOEA	

population)	

(0‐1)	
(1‐4)	
(4‐30)	

20%	
35%	
45%	

 20%	juveniles	(age	class	(0‐1))	
 35%	sub‐adults	(11.67%	for	each	age	
class	from	age	class	(1‐2)	through	age	

class	(3‐4))	
 45%	adults	(1.73%	for	each	age	class	
from	age	class	(4‐5)	through	age	class	

(29‐30))	
Assume	age	class	is	distributed	evenly	
over	time.		Age	distribution	derived	

from	models	presented	in	USFWS	2009.	

Age	start	reproducing	
Age	5

[age	class	(5‐6)]	
Steenhof	et	al.	1984;	Kochert	et	al.	2002	

Expected	years	of	
reproduction	

25	years	 =	(Maximum		Lifespan)	–	(Age	Start	
Reproducing)		(Harmata	2002)	

%	of	adult	females	that	
reproduce	annually	

80%	 Steenhof	et	al.	1997	

Productivity	(mean	
number	of	individuals	

fledged	per	occupied	nest	
annually)	

0.61	 USFWS	2009	

year	0‐1	survival	 61%

USFWS	2009	
year	1‐2	survival	 79%
year	2‐3	survival	 79%
year	3‐4	survival	 79%
year	4+	survival	 90.9%

Relative	productivity	of	
mitigation	option	

0.0036	eagle	
electrocutions/pole/year

Example.	 Compensatory	mitigation	
involves	retrofitting	high‐risk	electric	
power	poles,	thus	avoiding	the	loss	of	
GOEA	from	electrocution	(Lehman	et	al.	

2010).	

Discount	rate	 3%	

A	3%	discount	rate	is	commonly	used	
for	valuing	lost	natural	resource	

services	(Freeman	1993,		Lind	1982,		
NOAA	1999;	and	court	decisions	on	

damage	assessment	cases)	
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Table G-2.  EXAMPLE INPUTS.  REA Inputs to Develop a Framework of Compensatory Mitigation for Potential Take 
of BAEA from Wind Energy Development 
	

Parameter	 REA	Input	 Reference	

Start	year	of	permit	 2011	 Example.	
Length	of	permit	
renewal	period	

5	years	 Example.	

Estimated	take	 1	eagle/year	 Example.	

Average	maximum	
lifespan	

30	years	
32	years	10	months;	Longevity	record	
from	USGS	Bird	Banding	Lab.		Consistent	
with	Cole	(2010)	approach.	

Age	distribution	of	
birds	killed	at	wind	
facilities	(based	on	age	
distribution	of	BAEA	
population)	

(0‐1)	
(1‐4)	
(4‐30)	

15.4%	
30%	
54.6%	

 15.4%	juveniles	(age	class	(0‐1))	
 30%	sub‐adults	(10%	for	each	age	
class	from	age	class	(1‐2)	through	age	
class	(3‐4))	

 54.6%	adults	(2.1%	for	each	age	class	
from	age	class	(4‐5)	through	age	class	
(29‐30))	

Assume	age	class	is	distributed	evenly	
over	time.		Age	distribution	derived	
from	models	presented	in	USFWS	2009.	

Age	start	reproducing	
Age	5

[age	class	(5‐6)]	 Buehler	2000	

Expected	years	of	
reproduction	 25	years	

=	(Maximum	Lifespan)	–	(Age	Start	
Reproducing)	

%	of	adult	females	that	
reproduce	annually	

42%	 Hunt	1998,	per.	comm.	Millsap	

Productivity	 1.3 Millsap	et	al. 2004
year	0‐1	survival	 77%

Millsap	et	al.	2004	
year	1‐2	survival		 88%
year	2‐3	survival		 88%
year	3‐4	survival	 88%
year	4+	survival			 83%

Relative	productivity	of	
mitigation	option	

0.0036	eagle	
electrocutions/pole/year	

Example. 	Mitigation	involves	
retrofitting	high‐risk	electric	power	
poles,	thus	avoiding	the	loss	of	BAEA	
from	electrocution	(Lehman	et.	al	2010).

Discount	rate	 3%	

A	3%	discount	rate	is	commonly	used	
for	valuing	lost	natural	resource	
services	(Freeman	1993;	Lind	1982;	
NOAA	1999;	and	court	decisions	on	
damage	assessment	cases).	
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3.  REA Example – WindCoA 
The	Service	developed	the	following	hypothetical	scenario	for	permitting	and	compensatory	
mitigation	to	be	applied	to	the	take	of	GOEA1		from	wind	power	operations:	
	
WindCoA	conducted	three	years	of	pre‐construction	surveys	to	determine	relative	abundance	of	
GOEA	at	their	proposed	wind	project	in	Texas.		The	survey	data	was	then	used	to	populate	a	risk	
assessment	model	to	generate	an	eagle	fatality	estimate.		The	initial	fatality	estimate	of	two	eagles	
per	year	was	further	reduced	after	WindCoA	implemented	a	few	mutually	agreed	upon	ACPs.		The	
final	fatality	estimate	generated	from	the	risk	assessment	model,	after	consideration	of	the	
advanced	conservation	practices,	was	an	annual	take	of	one	GOEA	per	year	over	the	life	of	the	
permit	starting	in	2012.	
	
WindCoA	decided	to	conduct	an	REA	to	determine	the	number	of	high‐risk	power	poles	that	would	
need	to	be	retrofitted	to	get	to	no‐net‐loss.		The	company	used	the	Service’s	GOEA	REA	inputs	and	
assumed	the	power	pole	retrofit	would	occur	in	calendar	year	2012,	thus	offsetting	the	potential	
loss	of	eagles	at	the	newly	operating	wind	project	with	avoidance	of	electrocution	of	an	equal	
number	of	GOEA.		Through	proper	operation	and	maintenance	(O&M),	the	retrofitted	poles	are	
assumed	to	be	effective	in	avoiding	the	loss	of	eagles	for	10	years.		The	results	of	the	model	are	
expressed	in	the	total	number	of	electric	power	poles	to	be	retrofitted	to	equate	to	no‐net‐loss	of	5	
eagles	for	the	5‐year	permit	renewal	period	(1	eagle	annually	over	five	years).		These	results	are	
extrapolated	over	the	expected	operating	life	of	the	wind	project,	which	is	assumed	to	be	30	years,	
for	a	total	take	of	30	eagles.	
	
The	results	of	the	REA	indicated	that	WindCoA	needed	to	retrofit	approximately	149	power	poles	
for	the	first	5‐year	permit	period	(see	Table	G‐3).		Using	an	estimated	cost	of	$7500/pole,	the	
Service	estimated	that	WindCoA	could	contribute	$1,117,500	to	a	third‐party	mitigation	account	or	
contract	the	retrofits	directly.		After	determining	that	they	could	fund	the	retrofits	directly	at	a	
lower	cost,	WindCoA	decided	to	partner	with	UtilityCoB	to	get	the	required	number	of	poles	
retrofitted.		UtilityCoB	had	previously	conducted	a	risk	assessment	of	their	equipment	and	had	
identified	high‐risk	poles	that	were	likely	to	take	golden	eagles.		Through	a	written	agreement,	
WindCoA	provided	funding	to	UtilityCoB	to	retrofit	the	required	number	of	power	poles	and	
maintain	the	retrofits	for	10	years.		In	addition,	WindCoA	contracted	with	ConsultCoC	to	perform	
effectiveness	monitoring	of	the	retrofitted	power	poles	for	2	years.		The	contract	required	that	
ConsultCoC	visit	each	retrofitted	power	pole	every	4	months	(quarterly)	to	perform	fatality	
searches	and	check	for	proper	operation	and	maintenance	of	the	equipment.		The	Service	reviewed	
the	compensatory	mitigation	project	proposed	by	WindCoA	and	found	it	to	be	consistent	with	
requirements	at	50	CFR	22.26.		After	reviewing	the	signed	contract	between	WindCoA,	UtilityCoB,	
and	ConsultCoC,	the	Service	issued	a	programmatic	eagle	take	permit	to	WindCoA.	
	

a. REA Language and Methods 
As	discussed	in	greater	detail	in	documents	on	the	supporting	website,	this	REA	includes:	
	

 The	direct	loss	of	GOEA/BAEA	eagles	from	the	take	(debit	in	bird‐years);	
 The	relative	productivity	of	retrofitting	high‐risk	power	poles,	which	is	the	

effectiveness	in	avoiding	the	loss	of	GOEA/BAEA	by	electrocution	as	a	mitigation	
offset	(measured	in	total	bird‐years	per	pole);	and	

                                                 
1 Using the inputs provided in Table G-2, this scenario may also be applied to BAEA. 
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 	The	mitigation	owed,	which	is	the	total	debit	divided	by	the	relative	productivity	
(scaling)	to	identify	the	number	of	high‐risk	power	poles	that	need	retrofitting	to	
completely	offset	the	take	of	GOEA/BAEA	eagles	(credit).	

	
There	are	up	to	16	steps	when	conducting	a	REA.		Depending	on	whether	foregone	future	
reproduction	(part	of	the	debit)	is	included,	there	are	up	to	13	total	steps	involved	in	
calculating	the	injury	side	(debit)	of	a	REA,	and	three	additional	steps	involved	in	estimating	
compensatory	mitigation	owed	(credit).		Please	refer	to	the	technical	note	“Scaling	Directly	
Proportional	Avoided	Loss	Mitigation/Restoration	Projects”	on	the	supporting	website	
(www.fws.gov/windenergy)	for	further	information	on	the	development	of	REA	inputs	and	
the	inclusion	of	lost	reproduction.		Notably,	in	the	case	of	an	avoided	loss	project	where	the	
estimated	prevented	loss	of	bird‐years	(e.g.,	through	mitigation)	is	directly	proportional	to	
the	loss	of	bird‐years	(e.g.,	from	“take”),	the	life	history	inputs	(e.g.,	longevity,	age	
distribution,	survival	rates,	reproduction)	do	not	affect	the	final	results	of	the	credit	owed.		
That	is,	the	retrofitting	of	high‐risk	power	poles	is	a	directly	proportional	avoided	loss,	so	
only	the	level	of	take	(number	of	eagles	annually),	the	avoided	loss	of	eagles	per	mitigated	
electric	pole,	the	number	of	years	the	mitigated	pole	is	effective	in	avoiding	the	loss	of	
eagles,	and	the	timing	of	the	mitigation	relative	to	the	take	affect	the	final	credit	owed.		It	
should	also	be	noted	that	the	annual	take	of	one	eagle	is	used	in	the	example	because	the	
lost	bird‐years	associated	with	one	eagle	can	be	easily	multiplied	by	the	actual	take	to	
estimate	the	total	debit	in	bird‐years.	
	
The	following	is	a	brief	discussion	of	REA	variables	used	in	the	Service’s	WindCoA	example	
that	affect	the	outcome	of	the	compensatory	mitigation	calculation:	

 Relative	Productivity	of	Mitigation	(0.0036	electrocutions/pole/year)	–	This	
rate	is	taken	directly	from	published	literature	on	eagle	electrocution	rates	in	
northeastern	Utah	and	northwestern	Colorado	and	is	specific	to	eagles	(Lehman	et	
al.	2010).		Although	the	referenced	study	also	lists	a	higher	rate	(0.0066)	that	
includes	all	known	eagle	mortalities,	this	rate	included	eagles	that	may	have	died	
from	causes	unrelated	to	electrocution.	

 Years	of	Avoided	Loss	Per	Retrofitted	Pole	(10	Years)	–	The	Service	uses	a	
period	of	10	years	for	crediting	the	project	developer	or	operator	for	the	avoided	
loss	of	eagles	from	power	pole	retrofits.		This	is	a	reasonable	amount	of	time	to	
assume	that	power	pole	retrofits	will	remain	effective.		However,	project	developers	
or	operators	should	consider	entering	into	agreements	with	utility	companies	or	
contractors	for	the	long‐term	maintenance	of	retrofits.		Evidence	of	this	type	of	
agreement	could	increase	the	amount	of	credit	received	by	the	project	developer	or	
operator	and,	as	a	result,	decrease	the	amount	of	compensatory	mitigation	required.	

 Permit	Renewal	Period	(5	Years)	–	This	will	be	the	review	period	that	is	used	by	
the	Service	for	adaptive	management	purposes	and	re‐calculation	of	compensatory	
mitigation.		The	Service	believes	that	this	length	of	time	will	enable	the	project	
developer	or	operator	to	continue	to	meet	the	statutory	and	regulatory	eagle	
preservation	standard.		This	permit	review	tenure	will	remain	the	same	regardless	
of	the	overall	tenure	of	the	permit.	

 Retrofit	Cost/Payment	($7,500/pole)	–	The	Service	received	input	directly	from	
the	industry	regarding	the	actual	costs	to	retrofit	power	poles.		Estimates	ranged	
from	a	low	of	approximately	$400	to	over	$11,000	given	that	costs	vary	according	to	
many	factors.		The	Service	believes	that	$7,500	represents	a	reasonable	estimate	for	
the	current	cost	to	retrofit	power	poles	in	the	United	States.		Project	developers	or	
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operators	are	encouraged	to	contract	directly	for	retrofits	as	this	will	likely	not	be	as	
costly	as	contributing	$7,500/pole	to	an	eagle	compensatory	mitigation	account.	

	
b. REA Results for WindCoA 
Using	the	WindCoA	example	described	above,	along	with	the	REA	inputs	provided	in	Table	
G‐1,	Table	G‐3	provides	a	summary	of	the	results:	
	
	
 

Table G-3.  WindCoA Example: Compensatory Mitigation Owed for a 5-Year Permitted Take of 5 GOEA 
Extrapolated to the 30-Year Expected Operating Life of the Wind Project (30 GOEA in Total). 
 

Total	Debit	for	Take	of	1	GOEA	 28.485	 PV*	bird‐years	for	5	years	of	GOEA	take	

	÷Relative	Productivity	of	High‐
Risk	Electric	Pole	Retrofitting	 ÷0.191	

Avoided	loss	of	PV	bird‐years	per	
retrofitted	pole	
(assumes	10	years	of	avoided	loss	per	pole	
based	on	the	commitment	from	
UtilityCoB)	

=	Mitigation	Owed	for	5‐Year	
Permitted	Take		

=149.136	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss		

x	#	Cycles	of	5‐Year	Permit	
Reviews	
=Total	Mitigation	Owed		

x	6	=	894.818	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss	for	the	30‐year	expected	operating	life	
of	the	wind	project	

*PV=Present	Value	
	
	
	
If	all	of	the	REA	inputs	remain	the	same	after	the	initial	five	years,	then	the	estimated	
149.14	poles	may	be	multiplied	by	the	expected	number	of	permit	reviews	to	provide	an	
estimate	of	the	total	number	of	poles	that	would	eventually	be	retrofitted.		For	example,	for	
the	30‐year	life	cycle	of	the	WindCoA	wind	project,	149.14	poles	would	be	multiplied	by	6	
permit	renewals	to	equal	approximately	895	high‐risk	power	poles	in	total	to	be	retrofitted	
as	compensatory	mitigation	for	the	take	of	30	GOEA	over	30	years	(1	eagle	annually).		While	
this	example	shows	the	effectiveness	of	the	mitigation	method	as	lasting	for	10	years,	it	may	
be	the	case	that	the	method	selected	is	more	or	less	effective	at	avoiding	the	loss	of	eagles	
(e.g.,	5	years,	more	than	10	years).		The	REA	can	be	adjusted	for	the	expected	effectiveness	
of	mitigation,	and	more	or	fewer	high‐risk	power	poles	would	need	to	be	mitigated.		All	
estimates	of	compensatory	mitigation	are	contingent	on	proper	operation	and	maintenance	
being	conducted	by	UtilityCoB	or	a	contractor	to	ensure	that	the	expected	effectiveness	is	
achieved.	
	
For	purposes	of	illustration,	should	WindCoA	choose	to	use	the	GOEA	inputs	provided	in	
Table	G‐1	and	their	fatality	estimate	is	that	5	GOEA	will	be	taken	annually,	the	results	may	
be	easily	adjusted	as	shown	in	Table	G‐4:	

	 	



92 
 

 

	
	

Table G-4.  WindCoA Example: Compensatory Mitigation Owed for a 5-Year Permitted Take of 25 GOEA 
Extrapolated to the 30-Year Expected Operating Life of the Wind Project (150 GOEA in Total). 

 

Total	Debit	for	Take	of	1	GOEA	 28.485	
PV	bird‐years	for	5	years	of	GOEA	take	
from	Table	F‐3		

x	Actual	Annual	Take	of	GOEA		 x	5	=142.425	 PV	bird‐years	for	5	years	of	GOEA	take	

÷	Relative	Productivity	of	High‐
Risk	Electric	Pole	Retrofitting	

÷0.191	

Avoided	loss	of	PV	bird‐years	per	
retrofitted	pole	(assumes	10	years	of	
avoided	loss	per	pole	based	on	the	
commitment	from	UtilityCoB)	

=	Mitigation	Owed	for	5‐Year	
Permitted	Take	

=745.681	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss		

x	#	Cycles	of	5‐Year	Permit	
Reviews	=	Total	Mitigation	
Owed		

x	6	=4474.086	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss	for	the	30‐year	expected	operating	life	
of	the	wind	project	

PV=Present	Value	
	
 

 
c. Summary of Bald Eagle REA Results 
Following	the	same	process	described	above	for	GOEA	(i.e.,	using	the	WindCoA	example	and	
the	BAEA	REA	inputs	provided	in	Table	G‐2),	Table	G‐5	provides	a	summary	of	the	results	
for	bald	eagles:	
	
	
	

Table G-5.  Example of Compensatory Mitigation Owed for a 5-Year Permitted Take of 5 BAEA Extrapolated to the 
30-Year Expected Operating Life of the Wind Project (30 BAEA in Total).	
  

Total	Debit	for	Take	of	1	BAEA	 20.229 PV	bird‐years	for	5	years	of	BAEA	take
÷	Relative	Productivity	of	High‐
Risk	Electric	Pole	Retrofitting	

÷0.136	 Avoided	loss	of	PV	bird‐years	per	
retrofitted	pole	

	=	Mitigation	Owed	for	5‐Year	
Permitted	Take	 =149.136	

Poles	to	be	retrofitted	to	achieve	no‐net‐
loss	

x	#	Cycles	of	5‐Year	Permit	
Reviews	=	Total	Mitigation	
Owed	

x	6	=894.818	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss	for	the	30‐year	expected	operating	life	
of	the	wind	project	

PV=Present	Value	
	

	
	

Although	there	are	differences	between	GOEA	and	BAEA	life	history	inputs	(e.g.,	longevity,	
age	distribution,	survival	rates,	reproduction),	the	estimated	avoided	loss	of	bird‐years	
through	mitigation	is	directly	proportional	to	the	loss	of	bird‐years	from	the	take,	so	the	life	
history	inputs	do	not	affect	the	final	results	of	the	credit	owed.		Because	there	was	no	
change	in	the	level	of	take	(number	of	eagles	annually),	the	avoided	loss	of	eagles	per	
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mitigated	electric	pole,	the	number	of	years	the	mitigated	pole	is	effective	in	avoiding	the	
loss	of	eagles,	or	the	timing	of	the	mitigation	relative	to	the	take,	there	is	no	change	in	the	
credit	owed.		To	help	illustrate,	when	comparing	the	results	of	BAEA	to	GOEA,	both	the	
debit	(20.23÷28.49)	and	the	relative	productivity	of	electric	pole	retrofitting	(0.14÷0.19)	for	
BAEA	are	approximately	70%	of	GOEA,	so	the	amount	of	retrofitting	owed	is	the	same.		That	
is,	both	the	numerator	of	the	scaling	equation	(total	debit)	and	the	denominator	(relative	
productivity	of	mitigation)	were	changed	proportionally	(approximately	70%),	so	there	is	
no	change	in	the	mitigation	owed.	
	
d. Discussion on Using REA 
The	ECPG	does	not	mandate	the	use	of	REA.		Rather,	the	Service	recognized	the	need	for	a	
reliable,	transparent,	reproducible,	and	cost‐effective	tool	to	expedite	wind	power	permits,	
while	ensuring	sufficient	compensatory	mitigation	for	the	take	of	golden	eagles	and	bald	
eagles	from	operations	to	meet	regulatory	permitting	requirements.		Although	there	is	a	
learning	curve,	REA	meets	these	basic	needs.		This	appendix	and	materials	on	the	
supporting	website	explain	the	methods,	share	the	tools	to	run	REAs,	and	discuss	how	
changes	in	the	different	inputs	can	affect	the	results.		Should	project	developers	or	
operators/applicants	choose	to	use	the	provided	inputs,	methods,	and	tools,	the	Service	will	
be	able	to	appropriately	focus	on	the	expected	take	of	eagles.		Project	developers	or	
operators/applicants	have	the	discretion	to	offer	alternative	REA	inputs	or	use	different	
compensatory	mitigation	modeling	methods.		However,	they	will	need	to	provide	sufficient	
evidence	and	tools	(if	necessary)	to	ensure	that	the	Service	can	provide	appropriate	review	
of	the	results,	and	should	expect	that	such	an	effort	will	likely	take	additional	time.	
	
e. Additional Compensatory Mitigation Example 
In	the	United	States,	another	known	cause	of	mortality	to	eagles,	both	bald	and	golden,	is	
vehicle	collisions.		Eagles	are	susceptible	to	being	struck	by	vehicles	as	they	feed	on	
carcasses	along	roadsides,	particularly	in	areas	of	the	United	States	where	large	numbers	of	
ungulates	concentrate	seasonally	(e.g.	winter,	breeding	season,	etc.).		As	a	compensatory	
mitigation	strategy,	a	project	developer	or	operator	may	decide	to	collect	data	(or	use	
existing	data	if	it	is	available)	on	the	annual	number	of	eagle	mortalities	that	result	from	
vehicle	collisions	in	a	specified	geographic	area	or	along	a	specific	stretch	of	roadway.		This	
data	could	then	be	used	to	generate	an	estimate	of	the	number	of	eagle	mortalities	that	
could	be	prevented	in	the	same	area	by	removing	carcasses	from	roadsides.		If	there	was	
sufficient	evidence	that	this	was	a	valid	project	(e.g.	quantifiable	and	verifiable),	the	project	
developer	or	operator	could	contract	to	have	these	roadsides	‘cleaned’	of	carcasses	during	
the	time	of	year	that	ungulates	concentrate	and	eagles	are	known	to	be	struck.		The	credible	
estimate	of	eagle	mortalities	that	would	be	avoided	through	carcass	removal	would	be	the	
value	of	the	compensatory	mitigation	achieved.	
	
f. Take from Disturbance 
Project	developers	or	operators	should	work	with	the	Service	to	determine	if	take	from	
disturbance	is	likely	to	occur.		This	should	be	predicted	in	advance	based	on	Stage	3	data,	
and	verified		through	post‐construction	monitoring	in	Stage	5.		The	following	are	
recommended	take	calculations	based	on	information	contained	within	the	FEA	(USFWS	
2009):	
	
For	the	standard	bald	eagle	population:	
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 Take	resulting	from	disturbance	at	one	nest	on	only	one	occasion	=	take	of	1.3	
individuals	

 One	nest	take	resulting	in	the	permanent	abandonment	of	a	territory	=	take	of	1.3	
individuals	for	the	first	year,	then	take	of	8	individuals	annually	until	data	show	the	
number	of	breeding	pairs	has	returned	to	or	exceeded	the	original	estimated	
number	for	the	eagle	management	unit.	

	
For	the	standard	golden	eagle	population:	

 Take	resulting	from	disturbance	at	one	nest	on	only	one	occasion	=	take	of	0.8	
individuals	

 One	nest	take	resulting	in	the	permanent	abandonment	of	a	territory	=	take	of	0.8	
individuals	for	the	first	year,	then	take	of	4	individuals	annually	until	data	show	the	
number	of	breeding	pairs	has	returned	to	or	exceeded	the	original	estimated	
number	for	the	eagle	management	unit.	

	
Using	the	data	presented	in	the	above	WindCoA	example,	the	compensatory	mitigation	
required	for	disturbance	resulting	in	the	loss	of	productivity	from	one	GOEA	nest	for	one	
year	would	result	in	the	following:	
	

1. Disturbance	take	of	one	GOEA	nest	on	one	occasion	=	0.8	GOEA,	
2. From	the	REA,	the	take	of	one	GOEA	for	one	year	=	6	PV	bird‐years,	
3. Six	PV	bird‐years/GOEA	*	0.8	GOEA	=	4.8	PV	bird‐years,	and	
4. From	the	REA,	4.8	PV	bird‐years	÷	0.191	PV	bird‐years/pole	retrofitted	(for	10	year	

maintenance	of	poles)	=	25.1	poles	retrofitted.	
	
WindCoA	would	be	required	to	retrofit	a	total	of	174.24	poles	(149.14	poles	for	the	lethal	
take	of	5	GOEA	(see	Table	G‐3)	+	24.5	poles	for	the	disturbance	take	of	one	GOEA	nest)	to	
cover	the	initial	five	year	permitted	take.	
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Name the model: R3 Ibat REA Model v6.user
Creators: Jennifer Szymanski, Forest Clark          Programmer: Drew Laughland

Purpose:  

User guide:  A comprehensive user guide accompanies this model.  All users are expected to read the guide before applying the model.

To calculate the credit gained from proposed mitigation projects to offset residual take (i.e., take anticipated after avoidance and minimization measures have been applied).  
Note, the model is not intended to calculate mitigation debit due to population level effects.
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Hibernaculum protection
Project Details:

Project start year 2013
Project end year (include 10 years beyond last monitoring year) 2043

Hibernaculum Conditions:
N (population size of hibernaculum) ‐                        
Evidence of WNS resiliency No 0
Evidence of non‐disturbance threat? Yes 0

Level of threat Partial loss 0.5
Likelihood of threat Probable (>60%) 1.0

Evidence of disturbance/vandalism? Yes 0.0
a. Vulnerability of bats to disturbance:   1.0

Hibernaculum easily accessible Yes 1.0
Bats in accessible locations Yes 1.0

Low Ceiling No 0.0
Clumped or clustered Yes 1.0

b. Proportion of N in accessible locations 50‐74% 0.75
c. Likelihood of disturbance                        0.02

Expected female gain 0 0

Tables for Hibernaculum Protection model drop downs.
WNS Resiliency Multiplier
Yes 1
No 1

Level of non‐disturbance threat
NA
Total loss 1
Partial loss 0.5

Likelihood of threat occurring
Low (<30%) 0
Likely (30%‐60%) 0.55
Probable (>60%) 1

Evidence of bat disturbance or vandalism
Yes 0.02
No 0.00

Hibernaculum Accessibility
Yes 1
No 0

Bats hibernating in an accessible area of the hibernaculum
Yes 1
No 0

Low Ceiling
Yes 1
No 0

Clumped
Yes 1
No 0

Proportion of N in accessible locations
<25% 0.25
25‐49% 0.5
50‐74% 0.75
75% or greater 1
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Summer habitat protection
Project Details:

Project start year 2013
Project end year (include 10 years beyond last monitoring year) 2043

Habitat function served by the "to be protected" habitat Roosting & Foraging 1.00
Acreage of the "to be protected" occupied forest block 0 Qualifying acreage 0

Acreage of the "to be protected" corridor 20.0 10

Acreage of the "to be protected" roosting & foraging habitat 46 46
Required Conditions: 1.00

Is the "to be protected" roosting and foraging habitat≥5 acres? Yes 1.00

Are the "to be connected" termini blocks >500' apart? Yes 1.00

Are the occupied "to be connected" termini blocks ≥ 5acres? Yes 1.00

Is the unoccupied "to be connected" terminus block ≥20 acres? NA 1.00

Will or are both termini forest blocks protected? Yes 1.00
Level of threat No demonstrable threat 0.00
Expected female gain 0.00 Expected K ‐      

Tables for Summer Habitat Protection model drop downs
Maternity Colony Habitat Function:

Roosting & Foraging 1.00
Roosting & Foraging + Corridor 1.00

Functional travel corridor 1.00
Foraging only  0.75

Unoccupied terminus >500' from occupied habitat
Yes 1.00
No 0.00

Forest Block more than 5 acres:
Yes 1.00
No 0.00

Immediacy/Degree of Threat
Forest cover <20% 1.00

Imminent & total loss threat 1.00
Imminent but partial loss threat 0.75

No demonstrable threat 0.00

implies 46 acres/bat



Summer habitat restoration
Project Details:

Project start year 2013

Project end year (include 10 years beyond last monitoring year) 2043

Habitat function Roosting & Foraging + Corridor 1

Acres of "to be restored" forest adjacent to (within 500' of) occupied habitat 100 110 Qualifying acreage

Acres of "to be restored" corridor habitat 10.0 10

Acres of "to be restored" forest at unoccupied terminus 0 0

Habitat Conditions:

Existing % forest cover  21% to 50% 1.00

Required Conditions: 1.00 implies 46 acres/bat

"To be  restored" forest area ≥5 acres  Yes 1

Unoccupied terminus forested block >500' from occupied forest block Yes 1

Unoccupied terminus forest block ≥20 ac  Yes 1

Will or are both termini forest blocks protected Yes 1

Expected female gain 1.20 2.39 Expected K



Tables for Summer Habitat Protection model drop downs
Maternity Colony Habitat Function:

Roosting & Foraging 1.00

Corridor  1.00
Roosting & Foraging + Corridor 1.00

Forest Block more than 5 acres:
Yes 1
No 0

Existing % forest cover

20% or less 4.00
21% to 50% 1.00
51% to 75% 0.75
75% or more 0.00

Unoccupied forest block more than 500' from occupied patch
Yes 1
No 0

Unoccupied forest block connected by corridor >20 ac

Yes 1
No 0



Project Year
Percent 
Services

0 0%
8 25%
25 50%
37 75%
50 100%

Year Year  Services Gain

2013 1 0% ‐           
2014 2 0% ‐           
2015 3 0% ‐           
2016 4 0% ‐           
2017 5 0% ‐           
2018 6 0% ‐           
2019 7 0% ‐           

2020 8 25% 0.3           
2021 9 25% 0.3           
2022 10 25% 0.3           
2023 11 25% 0.3           
2024 12 25% 0.3           
2025 13 25% 0.3           
2026 14 25% 0.3           
2027 15 25% 0.3           
2028 16 25% 0.3           
2029 17 25% 0.3           
2030 18 25% 0.3           
2031 19 25% 0.3           
2032 20 25% 0.3           
2033 21 25% 0.3           
2034 22 25% 0.3           
2035 23 25% 0.3           
2036 24 25% 0.3           
2037 25 50% 0.6           
2038 26 50% 0.6           
2039 27 50% 0.6           
2040 28 50% 0.6           
2041 29 50% 0.6           
2042 30 50% 0.6           
2043 31 50% 0.6           
2044 32 50% 0.6           
2045 33 50% 0.6           
2046 34 50% 0.6           
2047 35 50% 0.6           
2048 36 50% 0.6           
2049 37 75% 0.9           
2050 38 75% 0.9           
2051 39 75% 0.9           
2052 40 75% 0.9           
2053 41 75% 0.9           
2054 42 75% 0.9           
2055 43 75% 0.9           
2056 44 75% 0.9           
2057 45 75% 0.9           
2058 46 75% 0.9           
2059 47 75% 0.9           
2060 48 75% 0.9           
2061 49 75% 0.9           
2062 50 100% 1.2           
2063 51 100% 1.2           
2064 52 100% 1.2           
2065 53 100% 1.2           
2066 54 100% 1.2           
2067 55 100% 1.2           
2068 56 100% 1.2           
2069 57 100% 1.2           
2070 58 100% 1.2           
2071 59 100% 1.2           
2072 60 100% 1.2           
2073 61 100% 1.2           
2074 62 100% 1.2           
2075 63 100% 1.2           
2076 64 100% 1.2           
2077 65 100% 1.2           
2078 66 100% 1.2           
2079 67 100% 1.2           
2080 68 100% 1.2           
2081 69 100% 1.2           
2082 70 100% 1.2           
2083 71 100% 1.2           
2084 72 100% 1.2           
2085 73 100% 1.2           
2086 74 100% 1.2           
2087 75 100% 1.2           
2088 76 100% 1.2           
2089 77 100% 1.2           
2090 78 100% 1.2           
2091 79 100% 1.2           
2092 80 100% 1.2           
2093 81 100% 1.2           
2094 82 100% 1.2           
2095 83 100% 1.2           
2096 84 100% 1.2           
2097 85 100% 1.2           
2098 86 100% 1.2           
2099 87 100% 1.2           
2100 88 100% 1.2           
2101 89 100% 1.2           
2102 90 100% 1.2           
2103 91 100% 1.2           
2104 92 100% 1.2           
2105 93 100% 1.2           
2106 94 100% 1.2           
2107 95 100% 1.2           
2108 96 100% 1.2           
2109 97 100% 1.2           
2110 98 100% 1.2           
2111 99 100% 1.2           
2112 100 100% 1.2           

Project Services Pattern





Simplified Reproduction Services Model ‐ Including lifetime of progeny

Input Parameters Output
Permit start year: 2013 2033 Debit Accrued
Injured Adult Females Annually: 1 Undiscounted

Permitted take years  20 years to 2033 Direct take 20.0          female adults

Lambda condition Stationary Total lost reproduction 38.0          female pups

Adult Female Breeding Rate 0.601 pups/female/year = AP*AB Total Lost   58.0         
     Adult F‐F Breeding Rate 0.301                        female pups/female/year
Juvenile Female Breeding Rate 0.143 pups/female/year

    Juvenile F‐F Breeding Rate 0.071                        female pups/female/year Mitigation Credit Accrued
Undiscounted

Pup Survival to juvenile 0.636 rate Direct females added by project 2.6            female adults

Juvenile Annual Survival 0.697 rate Summer habitat protection ‐            female adults

Adult Annual Survival 0.873 rate Hibernaculum protection ‐            female adults

Maternity habitat restoration 2.6          female adults

Total reproduction gained 6.2            female pups
Total Gain 9.0 females

Mitigation Credit Due

Net gained ‐49.0
Total qualifying mitigation acres 110.0 must be >46 acres



The underlying demographic model to calculate debit and credit accrued

Reproduction Lost Calculation Gained Reproduction Calculation

Year

Direct 
Female 
Take

 Lost First 
Generation 
Females 

 Lost Second 
Generation 
Females 

Lost 
Reproduction

Summer 
Habitat 

Protection
Winter Habitat 
Protection

Summer 
Habitat 

Restoration
Females 
Added

Gained First 
Generation 
Females

Gained 
Second 

Generatio
n Females

Gained 
Reproductio

n
1 2013 1 1.17                0.73                1.900                 ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
2 2014 1 1.17                0.73                1.900                 ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
3 2015 1 1.17                0.73                1.900                 ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
4 2016 1 1.17                0.73                1.900                 ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
5 2017 1 1.17                0.73                1.900                 ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
6 2018 1 1.17                0.73                1.900                 ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
7 2019 1 1.17                0.73                1.900                 ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
8 2020 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
9 2021 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
10 2022 1 1.17                0.73                1.900                  ‐                       ‐                         0.090              0.090           0.13                0.08           0.213           
11 2023 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
12 2024 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
13 2025 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
14 2026 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
15 2027 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
16 2028 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
17 2029 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
18 2030 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
19 2031 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
20 2032 1 1.17                0.73                1.900                 ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
21 2033 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
22 2034 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
23 2035 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
24 2036 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.090            0.090         0.13               0.08          0.213         
25 2037 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.180            0.180         0.26               0.16          0.425         
26 2038 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.180            0.180         0.26               0.16          0.425         
27 2039 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.180            0.180         0.26               0.16          0.425         
28 2040 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.180            0.180         0.26               0.16          0.425         
29 2041 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.180            0.180         0.26               0.16          0.425         
30 2042 0 ‐                  ‐                  ‐                     ‐                     ‐                       0.180            0.180         0.26               0.16          0.425         
31 2043 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
32 2044 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
33 2045 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
34 2046 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
35 2047 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
36 2048 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
37 2049 0 ‐                  ‐                  ‐                      ‐                       ‐                         ‐                   ‐                ‐                  ‐             ‐               
38 2050 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
39 2051 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
40 2052 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
41 2053 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
42 2054 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
43 2055 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
44 2056 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
45 2057 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
46 2058 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
47 2059 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
48 2060 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
49 2061 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
50 2062 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
51 2063 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             
52 2064 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                 ‐            ‐             

20 38.01               ‐                  ‐                    2.61            2.61          6.16         

CreditMitigation ProjectsDebit



Demographic Rates used to parameterize the demographic model

Using Ibat lookup data (median values) from Ibat Demographic Model tool v4

Stationary Condition
Declining 
Condition

Increasing 
condition

Loss from 
median age

Loss/Gain 
from full life 
span

Parameters (λ=0.99‐1.01) (λ=0.97‐0.98) (λ=1.02‐1.03) T for FG 4 6 in both cases T for SG is 6.
lambda lambda 1.00040 0.97505           1.02520                FG 1.166 1.451 1st generation female pups per adult female
1st Year Winter Survival JWS 0.83962 0.82179           0.85201                Pup C 0.629 0.629 female pups per female pup
Adult Winter Survival AWS 0.95889 0.95197           0.95800                SG 0.734 0.914 2nd generation female pups per adult female
Non‐reproductive Summer Survival NSS 0.88579 0.86914           0.91249               
1st Year Summer Survival JSS 0.87423 0.86650           0.88592               
Adult Summer Survival ASS 0.95356 0.94763           0.95660                2              3               4               5               6              
Pup Fall Survival PFS 0.75732 0.71227           0.79381                Pup= birth to entering into hibernaculum
1st Year Fall Survival JFS 0.83115 0.81746           0.83987                Juvenile Adult  Pup Juvenile Adult Ist Year ‐ 1st year hibernation to 2nd year hibernation
Adult Fall Survival AFS 0.95445 0.94996           0.95483                Stationary 0.143       0.601        0.636        0.697        0.873        Adult= 2nd year hibernation and beyond
1st Year Propensity to breed JP 0.37688 0.37239           0.40916                Declining 0.130       0.562        0.585        0.674        0.857       
Adult Propensity to breed AP 0.77711 0.75621           0.82571                Increasing 0.176       0.668        0.676        0.713        0.875       
1st Year Breeding Success JB 0.37868 0.34992           0.42931               
Adult Breeding Success AB 0.77374 0.74371           0.80945               

1st Year Breeding Rate JP*JB 0.143                                  0.130               0.176                   
Adult Breeding Rate AP*AB 0.601                                  0.562               0.668                    Add to user guide:

6.78 years of breeding ls; and assuming the female killed was an adult at median reproductive age (a bit less than 3 years)==>6.78‐2=4.78
Pup Survival to breeding Juvenile PFS*JWS 0.636                                  0.585               0.676                    So, modeled a 5 year reproductive potential
1st Year Survival to Adult JSS*JFS*AWS 0.697                                  0.674               0.713                    Whereas pups forgone, would have had a normal breeding ls (6 years with yr 1 at juv rate and the 7th year die before birthing a pup)
Adult Annual Survival ASS*AFS*AWS 0.873                                  0.857               0.875                    Changing model to add 1 more year of pup reproduction to the second generation.

Total Female Repro Potential Model Condition **modeled generations would change slightly if used an increasing or decreasing condition
First Generation 1.166                   Stationary
Second Generation 0.734                  

Take First Generation Second Generation
Lost Female Reproduction Year Female 0 Pup 0 Pup 1 Pup 2 Pup 3 Pup 4 Pup 00 Pup 01 Pup 02 Pup 03 Pup 04 Pup 05 Pup 06 Pup 10 Pup 11 Pup 12 Pup 13 Pup 14 Pup 15 Pup 16 Pup 20 Pup 21 Pup 22 Pup 23 Pup 24 Pup 25 Pup 26 Pup 30 Pup 31 Pup 32 Pup 33 Pup 34 Pup 35 Pup 36 Pup 40 Pup 41 Pup 42 Pup 43 Pup 44 Pup 45 Pup 46

0.301                                                          0 1 0.601              
0.276                                                          1 0.873                                  0.382               0.525                    0.055      
0.281                                                          2 0.762                                  0.266               0.334                    0.458        0.035       0.160        0.048     
0.280                                                          3 0.665                                  0.232               0.232                    0.291        0.400        0.024       0.102        0.140        0.030      0.140      0.042     
0.275                                                          4 0.580                                  0.203               0.203                    0.203        0.254        0.349               0.021       0.071        0.089        0.122        0.021      0.089      0.122      0.026      0.122      0.036     
0.114                                                          5 0.177               0.177                    0.177        0.177        0.222               0.018       0.062        0.062        0.078        0.106        0.018      0.062      0.078      0.106      0.018      0.078      0.106      0.023      0.106        0.032     
0.116                                                          6 0.155               0.155                    0.155        0.155        0.155               0.054        0.054        0.054        0.068        0.093        0.016      0.054      0.054      0.068      0.093      0.016      0.054      0.068      0.093      0.016      0.068        0.093        0.020      0.093     
0.101                                                          7 0.135               0.135                    0.135        0.135        0.135               0.047        0.047        0.047        0.059        0.081      0.047      0.047      0.047      0.059      0.081      0.014      0.047      0.047      0.059      0.081      0.014      0.047        0.059        0.081        0.014      0.059      0.081     
0.071                                                          8 0.118                    0.118        0.118        0.118               0.041        0.041        0.041        0.052      0.041      0.041      0.041      0.052      0.071      0.041      0.041      0.041      0.052      0.071      0.012      0.041        0.041        0.052        0.071        0.012      0.041      0.052      0.071     
0.046                                                          9 0.103        0.103        0.103               0.036        0.036        0.036      0.036      0.036      0.036      0.045      0.036      0.036      0.036      0.045      0.062      0.036        0.036        0.036        0.045        0.062        0.01068 0.036      0.036      0.045      0.062     
0.027                                                          10 0.090        0.090               0.031        0.031      0.031      0.031      0.031      0.031      0.031      0.031      0.039      0.031        0.031        0.031        0.039        0.054      0.031351 0.031      0.031      0.039      0.054     
0.012                                                          11 0.078               0.027      0.027      0.027      0.027      0.027      0.027      0.027        0.027        0.027        0.034      0.02736 0.027      0.027      0.034      0.047     

0.024      0.024      0.024      0.024        0.024        0.024      0.023877 0.024      0.024      0.030     
0.021      0.021        0.021      0.021      0.021      0.021     

0.018      0.018      0.018     
0.016     

1.900                                                          3.879                                 

Key:
0.601               Probability of birth
0.382               Probability of survival each year
0.266               used to calculate probability of the next generation of births
0.232              
0.203              
0.177              
0.155              

Breeding Rate Survival Rate





Name the model: R3 LBB REA Model v1.user
Creators: Jennifer Szymanski, Forest Clark, Erik Olson          Programmer: Drew Laughland

Purpose:  

User guide:  TBD ‐ use Ibat User Manual as an interim guide

To calculate the credit gained from proposed mitigation projects to offset residual take (i.e., take anticipated after avoidance and minimization measures have been 
applied).  Note, the model is not intended to calculate mitigation debit due to population level effects.
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Hibernaculum protection
Project Details:

Project start year 2013
Project end year (include 10 years beyond last monitoring year) 2043

Hibernaculum Conditions:
N (population size of hibernaculum) 1,000                   
Evidence of WNS resiliency No 0.0
Evidence of non‐disturbance threat? Yes 500.0

Level of threat Partial loss 0.5
Likelihood of threat Probable (>60%) 1.0

Evidence of disturbance/vandalism? Yes 15.0
a. Vulnerability of bats to disturbance:   1.0

Hibernaculum easily accessible Yes 1.0
Bats in accessible locations Yes 1.0

Low Ceiling No 0.0
Clumped or clustered Yes 1.0

b. Proportion of N in accessible locations 50‐74% 0.8
c. Likelihood of disturbance                        0.0

Expected female gain 258 515

Tables for Hibernaculum Protection model drop downs.
Level of non‐disturbance threat
NA
Total loss 1
Partial loss 0.5

WNS Resiliency Multiplier
Yes 1
No 1

Likelihood of threat occurring
Low (<30%) 0
Likely (30%‐60%) 0.55
Probable (>60%) 1

Evidence of bat disturbance or vandalism
Yes 0.02
No 0.00

Hibernaculum Accessibility
Yes 1
No 0

Bats hibernating in an accessible area of the hibernaculum
Yes 1
No 0

Low Ceiling
Yes 1
No 0

Clumped
Yes 1
No 0

Proportion of N in accessible locations
<25% 0.25
25‐49% 0.5
50‐74% 0.75
75% or greater 1



2
3

4
5
6
7
8

9
10
11
12
13

14
15
16
17
18
19

20

21

22

23
24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

B C D E F
Summer habitat protection
Project Details:

Project start year 2013
Project end year (include 10 years beyond last monitoring year) 2043
Artificial habitat No

N(population size of maternity colony) 50
Natural habitat Yes

Habitat function served by the "to be protected" habitat Roosting & Foraging 1.00
Acreage of the "to be protected" occupied forest block 50 50

Acreage of the "to be protected" corridor 10 10 Qualifying acreage 50
Acreage of the "to be protected" roosting & foraging habitat 46 46

Required Conditions: 1.00

Is the "to be protected" roosting and foraging habitat≥5 acres? Yes 1.00

Are the "to be connected" termini blocks >3 mi apart? Yes 1.00

Are the occupied "to be connected" termini blocks ≥ 5acres? Yes 1.00

Is the unoccupied "to be connected" terminus block, in total,  ≥20 acres? Yes 1.00

Will or are both termini forest blocks protected? Yes 1.00
Level of threat Imminent & total threat 1.00

Expected female gain 0.54 expected K 1.09      

Tables for Summer Habitat Protection model drop downs
Maternity Colony Habitat Function:

Roosting & Foraging 1.00
Foraging only 0.75

Functional travel corridor 0.50
Roosting & Foraging + Corridor 1.00

Unoccupied terminus >3 mi from occupied habitat
Yes
No

Forest Block more than 5 acres:
Yes 1
No 0

Immediacy/Degree of Threat
Imminent & total threat 1

Imminent but partial threat 0.75
No imminent threat 0

implies 46 acres/bat



Summer habitat restoration
Project Details:

Project start year 2013

Project end year (include 10 years beyond last monitoring year) 2043

Habitat function Roosting & Foraging 1

Acres of "to be restored" roosting or foraging habitat 46 0.0 Qualifying acreage:

Acres of "to be restored" corridor habitat 50 10   

Acres of "to be restored" forest at unoccupied terminus 0 0

Habitat Conditions: 0.00

Existing % forest cover  75% or more 0.00

Required Conditions: 1.00 implies 46 acres/bat

Is the "To be  restored" forest area ≥5 acres? Yes 1

Is unoccupied terminus forested block >3 mi from occupied forest block? Yes 1

Is unoccupied terminus forest block ≥20 ac?  Yes 1

Will or are both termini forest blocks protected? Yes 1

Expected female gain 0.00 0.00 Expected K



Tables for Summer Habitat Protection model drop downs

Maternity Colony Habitat Function:

Roosting & Foraging 1.00
Corridor  0.50

Roosting & Foraging + Corridor 1.00

Forest Block more than 5 acres:
Yes 1
No 0

Unoccupied forest block more than 3 mi from occupied patch
Yes 1
No 0

Unoccupied forest block connected by corridor >20 ac
Yes 1
No 0

% Existing Forest Cover
20% or less 4.00
21% to 50% 1.00
51% to 75% 0.75
75% or more 0.00



Project Year
Percent 
Services

0 0%
8 25%
25 50%
37 75%
50 100%

Year Year  Services Gain
2013 1 0% ‐           
2014 2 0% ‐           
2015 3 0% ‐           
2016 4 0% ‐           
2017 5 0% ‐           
2018 6 0% ‐           
2019 7 0% ‐           
2020 8 25% ‐           
2021 9 25% ‐           
2022 10 25% ‐           
2023 11 25% ‐           
2024 12 25% ‐           
2025 13 25% ‐           
2026 14 25% ‐           
2027 15 25% ‐           
2028 16 25% ‐           
2029 17 25% ‐           
2030 18 25% ‐           
2031 19 25% ‐           
2032 20 25% ‐           
2033 21 25% ‐           
2034 22 25% ‐           
2035 23 25% ‐           
2036 24 25% ‐           
2037 25 50% ‐           
2038 26 50% ‐           
2039 27 50% ‐           
2040 28 50% ‐           
2041 29 50% ‐           
2042 30 50% ‐           
2043 31 50% ‐           
2044 32 50% ‐           
2045 33 50% ‐           
2046 34 50% ‐           
2047 35 50% ‐           
2048 36 50% ‐           
2049 37 75% ‐           
2050 38 75% ‐           
2051 39 75% ‐           
2052 40 75% ‐           
2053 41 75% ‐           
2054 42 75% ‐           
2055 43 75% ‐           
2056 44 75% ‐           
2057 45 75% ‐           
2058 46 75% ‐           
2059 47 75% ‐           
2060 48 75% ‐           
2061 49 75% ‐           
2062 50 100% ‐           
2063 51 100% ‐           
2064 52 100% ‐           
2065 53 100% ‐           
2066 54 100% ‐           
2067 55 100% ‐           
2068 56 100% ‐           
2069 57 100% ‐           
2070 58 100% ‐           
2071 59 100% ‐           
2072 60 100% ‐           
2073 61 100% ‐           
2074 62 100% ‐           
2075 63 100% ‐           
2076 64 100% ‐           
2077 65 100% ‐           
2078 66 100% ‐           
2079 67 100% ‐           
2080 68 100% ‐           
2081 69 100% ‐           
2082 70 100% ‐           
2083 71 100% ‐           
2084 72 100% ‐           
2085 73 100% ‐           
2086 74 100% ‐           
2087 75 100% ‐           
2088 76 100% ‐           
2089 77 100% ‐           
2090 78 100% ‐           
2091 79 100% ‐           
2092 80 100% ‐           
2093 81 100% ‐           
2094 82 100% ‐           
2095 83 100% ‐           
2096 84 100% ‐           
2097 85 100% ‐           
2098 86 100% ‐           
2099 87 100% ‐           
2100 88 100% ‐           
2101 89 100% ‐           
2102 90 100% ‐           
2103 91 100% ‐           
2104 92 100% ‐           
2105 93 100% ‐           
2106 94 100% ‐           
2107 95 100% ‐           
2108 96 100% ‐           
2109 97 100% ‐           
2110 98 100% ‐           
2111 99 100% ‐           
2112 100 100% ‐           

Project Services Pattern





Simplified Reproduction Services Model ‐ Including lifetime of progeny

Input Parameters
Permit start year: 2013 2033

Injured Adult Females Annually: 1
Permitted take years  20 years to 2033

Lambda condition Stationary
Adult Female Breeding Rate 0.900 pups/female/year = AP*AB
     Adult F‐F Breeding Rate 0.450                       female pups/female/year
Juvenile Female Breeding Rate 0.560 pups/female/year

    Juvenile F‐F Breeding Rate 0.280                        female pups/female/year

Pup Survival to juvenile 0.550 rate

Juvenile Annual Survival 0.865 rate

Adult Annual Survival 0.865 rate



Output
Debit Accrued
Undiscounted

Direct take 20.0          female adults

Total lost reproduction 71.4          female pups

Total Lost   91.4         

Mitigation Credit Accrued
Undiscounted
Direct females added by project 264.8        female adults

Summer habitat protection 7.3            female adults

Hibernaculum protection 257.5        female adults

Maternity habitat restoration ‐          female adults
Total reproduction gained 1,168.4    female pups
Total Gain 1433.0 females

Mitigation Credit Due

Net gained 1341.6
Total qualifying mitigation acres 50.0 must be >46 acres



The underlying demographic model to calculate debit and credit accrued

Reproduction Lost Calculation Gained Reproduction Calculation

Year

Direct 
Female 
Take

 Lost First 
Generation 
Females 

 Lost Second 
Generation 
Females 

Lost 
Reproduction

Summer 
Habitat 

Protection
Winter Habitat 
Protection

Summer 
Habitat 

Restoration
Females 
Added

Gained First 
Generation 
Females

Gained Second 
Generation 
Females

Gained 
Reproduction

1 2013 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
2 2014 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
3 2015 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
4 2016 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
5 2017 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
6 2018 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
7 2019 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
8 2020 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
9 2021 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
10 2022 1 1.72                1.85                3.568                  0.245                  8.58                       ‐                   8.828           18.76                       20.18                       38.946                
11 2023 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
12 2024 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
13 2025 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
14 2026 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
15 2027 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
16 2028 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
17 2029 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
18 2030 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
19 2031 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
20 2032 1 1.72                1.85                3.568                 0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
21 2033 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
22 2034 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
23 2035 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
24 2036 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
25 2037 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
26 2038 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
27 2039 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
28 2040 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
29 2041 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
30 2042 0 ‐                  ‐                  ‐                     0.245                8.58                     ‐                 8.828         18.76                      20.18                     38.946              
31 2043 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
32 2044 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
33 2045 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
34 2046 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
35 2047 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
36 2048 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
37 2049 0 ‐                  ‐                  ‐                      ‐                       ‐                         ‐                   ‐                ‐                            ‐                            ‐                       
38 2050 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
39 2051 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
40 2052 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
41 2053 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
42 2054 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
43 2055 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
44 2056 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
45 2057 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
46 2058 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
47 2059 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
48 2060 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
49 2061 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
50 2062 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
51 2063 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     
52 2064 0 ‐                  ‐                  ‐                     ‐                     ‐                       ‐                 ‐              ‐                           ‐                          ‐                     

20 71.36              7.34                257.50             ‐              264.84     1,168.37       

CreditMitigation ProjectsDebit





LBB Rates: Median  Min  Max
Adult survival  0.865 0.7 0.9

First‐year survival  0.55 0.2 0.7
Loss from 
median age

Loss/Gain 
from full life 
span

Adult reproductive success  0.9 0.6 0.95 T for FG 4 6 in both cases T for SG is 6.
1st year  reproductive success 0.56 0.3 0.95 FG 1.719 2.126 1st generation female pups per adult female

Pup C 1.076 1.076 female pups per female pup
Yr‐to‐YR variation:  SG 1.849 2.286 2nd generation female pups per adult female

Lowest Highest
Adult survival  0.6 0.84
First‐year survival 0.3 0.7 2               3               4               5               6              
Adult reproductive success  0.7 0.97 Pup= birth to entering into hibernaculum
First year reproductive success  0.25 0.65 Juvenile Adult  Pup Juvenile Adult Ist Year ‐ 1st year hibernation to 2nd year hibernation

Stationary 0.560        0.900       0.550        0.865        0.865        Adult= 2nd year hibernation and beyond
Declining 0.300        0.600       0.200        0.700        0.700       
Increasing 0.950        0.950       0.700        0.900        0.900       

Stationary Declining Increasing
1st Year Breeding Rate 0.560                  0.300            0.950                   
Adult Breeding Rate 0.900                  0.600            0.950                   
Pup Survival to breeding Juvenile 0.550                  0.200            0.700                   
1st Year Survival to Adult 0.865                  0.700            0.900                   
Adult Annual Survival 0.865                  0.700            0.900                   

Total Female Repro Potential Model Condition
First Generation 1.719           Stationary
Second Generation 1.849          

Take First Generation Second Generation
Lost Female Reproduction Year Female 0 Pup 0 Pup 1 Pup 2 Pup 3 Pup 4 Pup 00 Pup 01 Pup 02 Pup 03 Pup 04 Pup 05 Pup 06 Pup 10 Pup 11 Pup 12 Pup 13 Pup 14 Pup 15 Pup 16 Pup 20 Pup 21 Pup 22 Pup 23 Pup 24 Pup 25 Pup 26 Pup 30 Pup 31 Pup 32 Pup 33 Pup 34 Pup 35 Pup 36 Pup 40 Pup 41 Pup 42 Pup 43 Pup 44 Pup 45 Pup 46

0.450                                                          0 1 0.900           
0.459                                                          1 0.865                  0.495            0.779                    0.277       
0.493                                                          2 0.748                  0.428            0.428                    0.673        0.152        0.385       0.240     
0.510                                                          3 0.647                  0.370            0.370                    0.370        0.582        0.132        0.212       0.333        0.132      0.333      0.207     
0.513                                                          4 0.560                  0.320            0.320                    0.320        0.320        0.504               0.114        0.183       0.183        0.288        0.114      0.183      0.288      0.114      0.288      0.179     
0.288                                                          5 0.277            0.277                    0.277        0.277        0.277               0.099        0.159       0.159        0.159        0.249        0.099      0.159      0.159      0.249      0.099      0.159      0.249      0.099      0.249      0.155      
0.270                                                          6 0.240            0.240                    0.240        0.240        0.240               0.137       0.137        0.137        0.137        0.216        0.085      0.137      0.137      0.137      0.216      0.085      0.137      0.137      0.216      0.085      0.137      0.216        0.085       0.216     
0.233                                                          7 0.207            0.207                    0.207        0.207        0.207               0.119        0.119        0.119        0.119        0.187        0.119      0.119      0.119      0.119      0.187      0.074      0.119      0.119      0.119      0.187      0.074      0.119      0.119        0.187        0.074       0.119      0.187     
0.161                                                          8 0.179                    0.179        0.179        0.179               0.103        0.103        0.103        0.103        0.103      0.103      0.103      0.103      0.161      0.103      0.103      0.103      0.103      0.161      0.064      0.103      0.103        0.103        0.161        0.064       0.103      0.103      0.161     
0.105                                                          9 0.155        0.155        0.155               0.089        0.089        0.089        0.089      0.089      0.089      0.089      0.089      0.089      0.089      0.089      0.140      0.089      0.089        0.089        0.089        0.140        0.055242 0.089      0.089      0.089      0.140     
0.060                                                          10 0.134        0.134               0.077        0.077        0.077      0.077      0.077      0.077      0.077      0.077      0.077      0.077        0.077        0.077        0.077        0.121        0.076796 0.077      0.077      0.077      0.121     
0.026                                                          11 0.116               0.066        0.066      0.066      0.066      0.066      0.066      0.066        0.066        0.066        0.066        0.066429 0.066      0.066      0.066      0.104     

0.057      0.057      0.057      0.057        0.057        0.057        0.057461 0.057      0.057      0.057     
0.050      0.050        0.050        0.050      0.050      0.050     

0.043        0.043      0.043     
0.037     

3.568                                                          3.820                 

Key:
0.601            Probability of birth
0.382            Probability of survival each year
0.266            used to calculate probability of the next generation of births
0.232           
0.203           
0.177           
0.155           

Breeding Rate Survival Rate





Name the model: R3 NLEB REA Model v1.user
Creators: Jennifer Szymanski, Forest Clark, Erik Olson         Programmer: Drew Laughland

Purpose:  

User guide:  TBD ‐ use Ibat User Manual as an interim guide

To calculate the credit gained from proposed mitigation projects to offset residual take (i.e., take anticipated after avoidance and minimization measures have been applied).
Note, the model is not intended to calculate mitigation debit due to population level effects.



Debit
Credit

Lost 
reproduction

Credit Due

# expected 
females from 
Summer 

Protection Model

#  females 
directly taken

#  females 
gained

# expected 
females from 
Summer 

Restoration 
Model

# expected 
females from 

Winter 
Protection 
Model

Gained 
reproduction

External take 
model

Total expected 
# of adult 
females 

#  females lost

Demographic 
(credit)  model

Demographic 
(debit) model



Hibernaculum protection
Project Details:

Project start year 2013
Project end year (include 10 years beyond last monitoring year) 2043

Hibernaculum Conditions:
N (population size of hibernaculum) ‐                         0
Evidence of WNS resiliency? Yes 0
Evidence of non‐disturbance threat? No 0

Level of threat Total loss 1.0
Likelihood of threat Probable (>60%) 1.0

Evidence of disturbance/vandalism? No 0
a. Vulnerability of bats to disturbance:   1

Hibernaculum easily accessible Yes 1
Bats in accessible locations Yes 1

Low Ceiling No 0.0
Clumped or clustered Yes 1

b. Proportion of N in accessible locations ≥75%  1.0
c. Likelihood of disturbance                             0.02

Expected female gain 0.00 0.0

Tables for Hibernaculum Protection model drop downs.
Population Size
0 0
1‐15 15
16‐45 45
46‐100 100
101‐200 200
201‐500 500
>500 1000

WNS Resiliency Multiplier
Yes 1
No 1

Level of non‐disturbance threat
NA
Total loss 1
Partial loss 0.5

Likelihood of threat occurring
Low (<30%) 0
Likely (30%‐60%) 0.55
Probable (>60%) 1

Hibernaculum Accessibility
Yes 1
No 0

Bats hibernating in an accessible area of the hibernaculum
Yes 1
No 0

Low Ceiling
Yes 1
No 0

Clumped
Yes 1
No 0

Proportion of N in accessible locations
<25% 0.25
25‐49% 0.5
50‐74% 0.75
≥75%  1
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Summer Habitat Protection
Project Details:

Project start year 2013
Project end year (include 10 years beyond last monitoring year) 2043
Artificial habitat No

N(population size of maternity colony) 50
Natural habitat Yes

Habitat function served by the "to be protected" habitat Roosting & Foraging 1.00
Acreage of the "to be protected" occupied forest block 25 25 Qualifying acreage 25          

Acres of "to be protected" corridor habitat 20 10   

Acres of "to be protected" forest at unoccupied terminus 50 50
Required Conditions: 1.00

Is the "to be protected" roosting and foraging habitat≥25 acres? Yes 1

Is the unoccupied terminus forested block >500 ft  from occupied forest block? Yes 1

Is the unoccupied terminus forest block, in total, ≥50 ac? Yes 1

Will or are both termini forest blocks protected? Yes 1

Level of threat Imminent & total loss threat 1.00
expected K 0.54     

Expected female gain 0.27

Tables for Summer Habitat Protection model drop downs
Maternity Colony Habitat Function:

Roosting & Foraging 1.00
Corridor only 1.00

Roosting, Foraging & Corridor 1.00

Immediacy/Degree of Threat
Forest cover <75% 1.00

Imminent & total loss threat 1.00
Imminent but partial loss threat 0.75

No imminent threat 0.00

implies 45 acres/bat



Tables for Summer Habitat Restoration model drop downs
Maternity Colony Habitat Function:

Roosting & Foraging 1.00
Riparian corridor  1.00

Roosting & Foraging + Corridor 1.00

% Existing Forest Cover

30% or less 4.00
31% to 50% 1.00
51% to 75% 0.75
76% or more 0.00

Forest Block more than 25 acres:
Yes 1
No 0

Unoccupied forest block more than 3 mi from occupied patch
Yes 1
No 0

Unoccupied forest block connected by corridor >20 ac
Yes 1
No 0

Multiplier for "filling in gaps" restoration project
Yes 2
No 1



Tables for Summer Habitat Restoration model drop downs
Maternity Colony Habitat Function:

Roosting & Foraging 1.00
Riparian corridor  1.00

Roosting & Foraging + Corridor 1.00

% Existing Forest Cover

30% or less 4.00
31% to 50% 1.00
51% to 75% 0.75
76% or more 0.00

Forest Block more than 25 acres:
Yes 1
No 0

Unoccupied forest block more than 3 mi from occupied patch
Yes 1
No 0

Unoccupied forest block connected by corridor >20 ac
Yes 1
No 0

Multiplier for "filling in gaps" restoration project
Yes 2
No 1



Project Year Services
0 0%
16 25%
29 50%

42 75%
50 100%

Year Year  Services Gain
2013 1 0% ‐           
2014 2 0% ‐           
2015 3 0% ‐           
2016 4 0% ‐           
2017 5 0% ‐           
2018 6 0% ‐           
2019 7 0% ‐           
2020 8 0% ‐           
2021 9 0% ‐           
2022 10 0% ‐           
2023 11 0% ‐           
2024 12 0% ‐           
2025 13 0% ‐           
2026 14 0% ‐           
2027 15 0% ‐           
2028 16 25% ‐           
2029 17 25% ‐           
2030 18 25% ‐           
2031 19 25% ‐           
2032 20 25% ‐           
2033 21 25% ‐           
2034 22 25% ‐           
2035 23 25% ‐           
2036 24 25% ‐           
2037 25 25% ‐           
2038 26 25% ‐           
2039 27 25% ‐           
2040 28 25% ‐           
2041 29 50% ‐           
2042 30 50% ‐           
2043 31 50% ‐           
2044 32 50% ‐           
2045 33 50% ‐           
2046 34 50% ‐           
2047 35 50% ‐           
2048 36 50% ‐           
2049 37 50% ‐           
2050 38 50% ‐           
2051 39 50% ‐           
2052 40 50% ‐           
2053 41 50% ‐           
2054 42 75% ‐           
2055 43 75% ‐           
2056 44 75% ‐           
2057 45 75% ‐           
2058 46 75% ‐           
2059 47 75% ‐           
2060 48 75% ‐           
2061 49 75% ‐           
2062 50 100% ‐           
2063 51 100% ‐           
2064 52 100% ‐           
2065 53 100% ‐           
2066 54 100% ‐           
2067 55 100% ‐           
2068 56 100% ‐           
2069 57 100% ‐           
2070 58 100% ‐           
2071 59 100% ‐           
2072 60 100% ‐           
2073 61 100% ‐           
2074 62 100% ‐           
2075 63 100% ‐           
2076 64 100% ‐           
2077 65 100% ‐           
2078 66 100% ‐           
2079 67 100% ‐           
2080 68 100% ‐           
2081 69 100% ‐           
2082 70 100% ‐           
2083 71 100% ‐           
2084 72 100% ‐           
2085 73 100% ‐           
2086 74 100% ‐           
2087 75 100% ‐           
2088 76 100% ‐           
2089 77 100% ‐           
2090 78 100% ‐           
2091 79 100% ‐           
2092 80 100% ‐           
2093 81 100% ‐           
2094 82 100% ‐           
2095 83 100% ‐           
2096 84 100% ‐           
2097 85 100% ‐           
2098 86 100% ‐           
2099 87 100% ‐           
2100 88 100% ‐           
2101 89 100% ‐           
2102 90 100% ‐           
2103 91 100% ‐           
2104 92 100% ‐           
2105 93 100% ‐           
2106 94 100% ‐           
2107 95 100% ‐           
2108 96 100% ‐           
2109 97 100% ‐           
2110 98 100% ‐           
2111 99 100% ‐           
2112 100 100% ‐           

Project Services Pattern





Simplified Reproduction Services Model ‐ Including lifetime of progeny
Version 1 20‐Aug‐15

Input Parameters Output
Permit start year: 2013 2033 Debit Accrued
Injured Adult Females Annually: 1 Undiscounted

Permitted take years  20 years to 2033 Direct take 20             female adults

Lambda condition Stationary Total lost reproduction 38             female pups

Adult Female Breeding Rate 0.601 pups/female/year = AP*AB Total Lost   58            
     Adult F‐F Breeding Rate 0.301                       female pups/female/year
Juvenile Female Breeding Rate 0.143 pups/female/year

    Juvenile F‐F Breeding Rate 0.072                        female pups/female/year Mitigation Credit Accrued
Undiscounted

Pup Survival to juvenile 0.636 rate Direct females added by project 2               female adults

Juvenile Annual Survival 0.697 rate Summer habitat protection 2               female adults

Adult Annual Survival 0.873 rate Hibernaculum protection ‐           female adults

Maternity habitat restoration ‐         female adults
Total reproduction gained 6               female pups
Total Gain 8.0 females

Mitigation Credit Due

Net gained ‐50
Total qualifying mitigation acres 25 must be >46 acres



The underlying demographic model to calculate debit and credit accrued

Reproduction Lost Calculation Gained Reproduction Calculation

Year

Direct 
Female 
Take

 Lost First 
Generation 
Females 

 Lost Second 
Generation 
Females 

Lost 
Reproduction

Summer 
Habitat 

Protection
Winter Habitat 
Protection

Summer 
Habitat 

Restoration
Females 
Added

Gained First 
Generation 
Females

Gained Second 
Generation 
Females

Gained 
Reproduction

1 2013 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
2 2014 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
3 2015 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
4 2016 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
5 2017 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
6 2018 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
7 2019 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
8 2020 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
9 2021 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
10 2022 1 1.17                0.73                1.901                  0.082                  ‐                         ‐                   0.082           0.12                          0.07                          0.193                  
11 2023 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
12 2024 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
13 2025 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
14 2026 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
15 2027 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
16 2028 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
17 2029 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
18 2030 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
19 2031 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
20 2032 1 1.17                0.73                1.901                  0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
21 2033 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
22 2034 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
23 2035 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
24 2036 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
25 2037 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
26 2038 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
27 2039 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
28 2040 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
29 2041 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
30 2042 0 ‐                  ‐                  ‐                      0.082                ‐                       ‐                 0.082         0.12                        0.07                         0.193                
31 2043 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
32 2044 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
33 2045 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
34 2046 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
35 2047 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
36 2048 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
37 2049 0 ‐                  ‐                  ‐                      ‐                       ‐                         ‐                   ‐                ‐                            ‐                            ‐                       
38 2050 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
39 2051 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
40 2052 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
41 2053 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
42 2054 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
43 2055 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
44 2056 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
45 2057 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
46 2058 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
47 2059 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
48 2060 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
49 2061 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
50 2062 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
51 2063 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     
52 2064 0 ‐                  ‐                  ‐                      ‐                     ‐                       ‐                 ‐              ‐                          ‐                           ‐                     

20 38.02                2.45                ‐                    ‐              2.45          5.80                

CreditMitigation ProjectsDebit



Loss from 
median age

Loss/Gain 
from full life 
span

T for FG 4 6 in both cases T for SG is 6.
FG 1.166 1.452 1st generation female pups per adult female
Pup C 0.630 0.630 female pups per female pup
SG 0.735 0.915 2nd generation female pups per adult female

2               3               4               5               6              
Pup= birth to entering into hibernaculum

Juvenile Adult  Pup Juvenile Adult Ist Year ‐ 1st year hibernation to 2nd year hibernation
Stationary 0.143        0.601       0.636        0.697        0.873        Adult= 2nd year hibernation and beyond
Declining 0.130        0.562       0.585        0.674        0.857       
Increasing 0.176        0.668       0.676        0.713        0.875       

Stationary Declining Increasing
1st Year Breeding Rate 0.143                  0.130            0.176                   
Adult Breeding Rate 0.601                  0.562            0.668                   
Pup Survival to breeding Juvenile 0.636                  0.585            0.676                   
1st Year Survival to Adult 0.697                  0.674            0.713                   
Adult Annual Survival 0.873                  0.857            0.875                   

Total Female Repro Potential Model Condition
First Generation 1.166           Stationary
Second Generation 0.735          

Take First Generation Second Generation
Lost Female Reproduction Year Female 0 Pup 0 Pup 1 Pup 2 Pup 3 Pup 4 Pup 00 Pup 01 Pup 02 Pup 03 Pup 04 Pup 05 Pup 06 Pup 10 Pup 11 Pup 12 Pup 13 Pup 14 Pup 15 Pup 16 Pup 20 Pup 21 Pup 22 Pup 23 Pup 24 Pup 25 Pup 26 Pup 30 Pup 31 Pup 32 Pup 33 Pup 34 Pup 35 Pup 36 Pup 40 Pup 41 Pup 42 Pup 43 Pup 44 Pup 45 Pup 46

0.301                                                          0 1 0.601           
0.276                                                          1 0.873                  0.382            0.525                    0.055       
0.281                                                          2 0.762                  0.266            0.334                    0.458        0.035        0.160       0.048     
0.280                                                          3 0.665                  0.233            0.233                    0.291        0.400        0.024        0.102       0.140        0.030      0.140      0.042     
0.275                                                          4 0.581                  0.203            0.203                    0.203        0.254        0.349               0.021        0.071       0.089        0.122        0.021      0.089      0.122      0.026      0.122      0.036     
0.114                                                          5 0.177            0.177                    0.177        0.177        0.222               0.018        0.062       0.062        0.078        0.107        0.018      0.062      0.078      0.107      0.018      0.078      0.107      0.023      0.107      0.032      
0.116                                                          6 0.155            0.155                    0.155        0.155        0.155               0.054       0.054        0.054        0.068        0.093        0.016      0.054      0.054      0.068      0.093      0.016      0.054      0.068      0.093      0.016      0.068      0.093        0.020       0.093     
0.101                                                          7 0.135            0.135                    0.135        0.135        0.135               0.047        0.047        0.047        0.059        0.081        0.047      0.047      0.047      0.059      0.081      0.014      0.047      0.047      0.059      0.081      0.014      0.047      0.059        0.081        0.014       0.059      0.081     
0.071                                                          8 0.118                    0.118        0.118        0.118               0.041        0.041        0.041        0.052        0.041      0.041      0.041      0.052      0.071      0.041      0.041      0.041      0.052      0.071      0.012      0.041      0.041        0.052        0.071        0.012       0.041      0.052      0.071     
0.046                                                          9 0.103        0.103        0.103               0.036        0.036        0.036        0.036      0.036      0.036      0.045      0.036      0.036      0.036      0.045      0.062      0.036      0.036        0.036        0.045        0.062        0.010726 0.036      0.036      0.045      0.062     
0.027                                                          10 0.090        0.090               0.031        0.031        0.031      0.031      0.031      0.031      0.031      0.031      0.039      0.031        0.031        0.031        0.039        0.054        0.031421 0.031      0.031      0.039      0.054     
0.012                                                          11 0.078               0.027        0.027      0.027      0.027      0.027      0.027      0.027        0.027        0.027        0.034        0.02743 0.027      0.027      0.034      0.047     

0.024      0.024      0.024      0.024        0.024        0.024        0.023947 0.024      0.024      0.030     
0.021      0.021        0.021        0.021      0.021      0.021     

0.018        0.018      0.018     
0.016     

1.901                                                          3.881                 

Key:
0.601            Probability of birth
0.382            Probability of survival each year
0.266            used to calculate probability of the next generation of births
0.232           
0.203           
0.177           
0.155           

Breeding Rate Survival Rate

Using Ibat vital rates
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APPENDIX D. AVIAN FATALITY STUDIES IN THE WESTERN 
ECOSYSTEMS TECHNOLOGY, INC. (WEST) DATABASE 

Alite, CA (09-10) Chatfield et al. 2010 
Alta Wind I, CA (11-12) Chatfield et al. 2012 
Alta Wind I-V, CA (13-14) Chatfield et al. 2014 
Alta Wind II-V, CA (11-12) Chatfield et al. 2012 
Alta VIII, CA (12-13) Chatfield and Bay 2014 
Barton I & II, IA (10-11) Derby et al. 2011a 
Barton Chapel, TX (09-10) WEST 2011 
Beech Ridge, WV (12) Tidhar et al. 2013 
Beech Ridge, WV (13) Young et al. 2014a 
Big Blue, MN (13) Fagen Engineering 2014 
Big Blue, MN (14) Fagen Engineering 2015 
Big Horn, WA (06-07) Kronner et al. 2008 
Big Smile, OK (12-13) Derby et al. 2013b 
Biglow Canyon, OR (Phase I; 08) Jeffrey et al. 2009a 
Biglow Canyon, OR (Phase I; 09) Enk et al. 2010 
Biglow Canyon, OR (Phase II; 09-10) Enk et al. 2011a 
Biglow Canyon, OR (Phase II; 10-11) Enk et al. 2012b 
Biglow Canyon, OR (Phase III; 10-11) Enk et al. 2012a 
Blue Sky Green Field, WI (08; 09) Gruver et al. 2009 
Buffalo Gap I, TX (06) Tierney 2007 
Buffalo Gap II, TX (07-08) Tierney 2009 
Buffalo Mountain, TN (00-03) Nicholson et al. 2005 
Buffalo Mountain, TN (05) Fiedler et al. 2007 
Buffalo Ridge, MN (Phase I; 96) Johnson et al. 2000 
Buffalo Ridge, MN (Phase I; 97) Johnson et al. 2000 
Buffalo Ridge, MN (Phase I; 98) Johnson et al. 2000 
Buffalo Ridge, MN (Phase I; 99) Johnson et al. 2000 
Buffalo Ridge, MN (Phase II; 98) Johnson et al. 2000 
Buffalo Ridge, MN (Phase II; 99) Johnson et al. 2000 
Buffalo Ridge, MN (Phase III; 99) Johnson et al. 2000 
Buffalo Ridge I, SD (09-10) Derby et al. 2010a 
Buffalo Ridge II, SD (11-12) Derby et al. 2012a 
Casselman, PA (08) Arnett et al. 2009 
Casselman, PA (09) Arnett et al. 2010 
Cedar Ridge, WI (09) BHE Environmental 2010 
Cedar Ridge, WI (10) BHE Environmental 2011 
Cohocton/Dutch Hill, NY (09) Stantec 2010 
Cohocton/Dutch Hill, NY (10) Stantec 2011 
Combine Hills, OR (Ph. I; 04-05) Young et al. 2006 
Combine Hills, OR (11) Enz et al. 2012 
Criterion, MD (11) Young et al. 2012a 
Criterion, MD (12) Young et al. 2013 
Criterion, MD (13) Young et al. 2014b 
Diablo Winds, CA (05-07) WEST 2006, 2008 
Dillon, CA (08-09) Chatfield et al. 2009 
Dry Lake I, AZ (09-10) Thompson et al. 2011 
Dry Lake II, AZ (11-12) Thompson and Bay 2012 
Elkhorn, OR (08) Jeffrey et al. 2009b 
Elkhorn, OR (10) Enk et al. 2011b 
Elm Creek, MN (09-10) Derby et al. 2010b 
Elm Creek II, MN (11-12) Derby et al. 2012b 
Foote Creek Rim, WY (Phase I; 99) Young et al. 2003 
Foote Creek Rim, WY (Phase I; 00) Young et al. 2003 
Foote Creek Rim, WY (Ph. I; 01-02) Young et al. 2003 
Fowler I, IN (09) Johnson et al. 2010 
Goodnoe, WA (09-10) URS Corporation 2010a 
Grand Ridge, IL (09-10) Derby et al. 2010f 
Harvest Wind, WA (10-12) Downes and Gritski 2012a 
Hay Canyon, OR (09-10) Gritski and Kronner 2010a 
High Sheldon, NY (10) Tidhar et al. 2012a 
High Sheldon, NY (11) Tidhar et al. 2012b 
High Winds, CA (03-04) Kerlinger et al. 2006 
High Winds, CA (04-05) Kerlinger et al. 2006  
Hopkins Ridge, WA (06) Young et al. 2007 
Hopkins Ridge, WA (08) Young et al. 2009b 
Kewaunee County, WI (99-01) Howe et al. 2002 
Kittitas Valley, WA (11-12) Stantec 2012a 
Klondike, OR (02-03) Johnson et al. 2003 
Klondike II, OR (05-06) NWC and WEST 2007 
Klondike III, OR (Phase I; 07-09) Gritski et al. 2010 
Klondike IIIa, OR (Phase II; 08-10) Gritski et al. 2011 
Leaning Juniper, OR (06-08) Gritski et al. 2008 



Avian Fatality Studies in the Western Ecosystems Technology, Inc (West) Database Appendix D 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page 2 

Lempster, NH (09) Tidhar et al. 2010 
Lempster, NH (10) Tidhar et al. 2011 
Linden Ranch, WA (10-11) Enz and Bay 2011 
Locust Ridge, PA (Phase II; 09) Arnett et al. 2011 
Locust Ridge, PA (Phase II; 10) Arnett et al. 2011 
Maple Ridge, NY (07) Jain et al. 2009a 
Maple Ridge, NY (07-08) Jain et al. 2009d 
Marengo I, WA (09-10) URS Corporation 2010b 
Marengo II, WA (09-10) URS Corporation 2010c 
Mars Hill, ME (07) Stantec 2008 
Mars Hill, ME (08) Stantec 2009a 
Milford I & II, UT (11-12) Stantec 2012b 
Milford I, UT (10-11) Stantec 2011 
Montezuma I, CA (11) ICF International 2012 
Montezuma I, CA (12) ICF International 2013 
Montezuma II, CA (12-13) Harvey & Associates 2013 
Moraine II, MN (09) Derby et al. 2010c 
Mount Storm, WV (09) Young et al. 2009a, 2010b 
Mount Storm, WV (10) Young et al. 2010a, 2011b 
Mount Storm, WV (11) Young et al. 2011a, 2012b 
Mountaineer, WV (03) Kerns and Kerlinger 2004 
Munnsville, NY (08) Stantec 2009b 
Mustang Hills, CA (12-13) Chatfield and Bay 2014 
Nine Canyon, WA (02-03) Erickson et al. 2003 
Noble Altona, NY (10) Jain et al. 2011b 
Noble Bliss, NY (08) Jain et al. 2009e 
Noble Bliss, NY (09) Jain et al. 2010a 
Noble Chateaugay, NY (10) Jain et al. 2011c 
Noble Clinton, NY (08) Jain et al. 2009c 
Noble Clinton, NY (09) Jain et al. 2010b 
Noble Ellenburg, NY (08) Jain et al. 2009b 
Noble Ellenburg, NY (09) Jain et al. 2010c 
Noble Wethersfield, NY (10) Jain et al. 2011a 
NPPD Ainsworth, NE (06) Derby et al. 2007 
Palouse Wind, WA (12-13) Stantec 2013a 
Pebble Springs, OR (09-10) Gritski and Kronner 2010b 
Pine Tree, CA (09-10, 11) BioResource Consultants 2012 
Pinnacle, WV (12) Hein et al. 2013 
Pinyon Pines I & II, CA (13-14) Chatfield and Russo 2014 
Pioneer Prairie I, IA (Phase II; 11-12) Chodachek et al. 2012 
PrairieWinds ND1 (Minot), ND (10) Derby et al. 2011c 
PrairieWinds ND1 (Minot), ND (11) Derby et al. 2012c 
PrairieWinds SD1 (Crow Lake), SD (11-12) Derby et al. 2012d 
PrairieWinds SD1 (Crow Lake), SD (12-13) Derby et al. 2013a 
PrairieWinds SD1, SD (13-14) Derby et al. 2014 
Rail Splitter, IL (12-13) Good et al. 2013b 
Record Hill, ME (12) Stantec 2013b 
Record Hill, ME (14) Stantec 2015 
Red Hills, OK (12-13) Derby et al. 2013c 
Ripley, Ont (08) Jacques Whitford 2009 
Rollins, ME (12) Stantec 2013c 
Rugby, ND (10-11) Derby et al. 2011b 
Shiloh I, CA (06-09) Kerlinger et al. 2009 
Shiloh II, CA (09-10) Kerlinger et al. 2010 
Shiloh II, CA (10-11) Kerlinger et al. 2013a 
Shiloh III, CA (12-13) Kerlinger et al. 2013b 
Solano III, CA (12-13) AECOM 2013 
Stateline, OR/WA (01-02) Erickson et al. 2004 
Stateline, OR/WA (03) Erickson et al. 2004 
Stateline, OR/WA (06) Erickson et al. 2007 
Stetson Mountain I, ME (09) Stantec 2009c 
Stetson Mountain I, ME (11) Normandeau Associates 2011 
Stetson Mountain I, ME (13) Stantec 2014 
Stetson Mountain II, ME (10) Normandeau Associates 2010 
Stetson Mountain II, ME (12) Stantec 2013d 
Summerview, Alb (05-06) Brown and Hamilton 2006 
Top Crop I & II, IL (12-13) Good et al. 2013a 
Top of Iowa, IA (03) Jain 2005 
Top of Iowa, IA (04) Jain 2005 
Tuolumne (Windy Point I), WA (09-10) Enz and Bay 2010 
Vansycle, OR (99) Erickson et al. 2000 
Vantage, WA (10-11) Ventus 2012 
Wessington Springs, SD (09) Derby et al. 2010e 
Wessington Springs, SD (10) Derby et al. 2011d 
White Creek, WA (07-11) Downes and Gritski 2012b 
Wild Horse, WA (07) Erickson et al. 2008 
Windy Flats, WA (10-11) Enz et al. 2011 
Winnebago, IA (09-10) Derby et al. 2010d 
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Disclaimer

This	Eagle	Conservation	Plan	Guidance	is	not	intended	to,	nor	
shall	it	be	construed	to,	limit	or	preclude	the	Service	from	
exercising	its	authority	under	any	law,	statute,	or	regulation,	
or	from	taking	enforcement	action	against	any	individual,	
company,	or	agency.		This	Guidance	is	not	meant	to	relieve	
any	individual,	company,	or	agency	of	its	obligations	to	
comply	with	any	applicable	Federal,	state,	tribal,	or	local	

laws,	statutes,	or	regulation.		This	Guidance	by	itself	does	not	
prevent	the	Service	from	referring	cases	for	prosecution,	

whether	a	company	has	followed	it	or	not.	
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EXECUTIVE SUMMARY 
 
1.  Overview 
Of	all	America’s	wildlife,	eagles	hold	perhaps	the	most	revered	place	in	our	national	history	and	
culture.		The	United	States	has	long	imposed	special	protections	for	its	bald	and	golden	eagle	
populations.	Now,	as	the	nation	seeks	to	increase	its	production	of	domestic	energy,	wind	energy	
developers	and	wildlife	agencies	have	recognized	a	need	for	specific	guidance	to	help	make	wind	
energy	facilities	compatible	with	eagle	conservation	and	the	laws	and	regulations	that	protect	
eagles.	
	
To	meet	this	need,	the	U.S.	Fish	and	Wildlife	Service	(Service)	has	developed	the	Eagle	Conservation	
Plan	Guidance	(ECPG).		This	document	provides	specific	in‐depth	guidance	for	conserving	bald	and	
golden	eagles	in	the	course	of	siting,	constructing,	and	operating	wind	energy	facilities.		The	ECPG	
guidance	supplements	the	Service’s	Land‐Based	Wind	Energy	Guidelines	(WEG).		WEG	provides	a	
broad	overview	of	wildlife	considerations	for	siting	and	operating	wind	energy	facilities,	but	does	
not	address	the	in‐depth	guidance	needed	for	the	specific	legal	protections	afforded	to	bald	and	
golden	eagles.		The	ECPG	fills	this	gap.	
	
Like	the	WEG,	the	ECPG	calls	for	wind	project	developers	to	take	a	staged	approach	to	siting	new	
projects.		Both	call	for	preliminary	landscape‐level	assessments	to	assess	potential	wildlife	
interactions	and	proceed	to	site‐specific	surveys	and	risk	assessments	prior	to	construction.		They	
also	call	for	monitoring	project	operations	and	reporting	eagle	fatalities	to	the	Service	and	state	and	
tribal	wildlife	agencies.	
	
Compliance	with	the	ECPG	is	voluntary,	but	the	Service	believes	that	following	the	guidance	will	
help	project	operators	in	complying	with	regulatory	requirements	and	avoiding	the	unintentional	
“take”	of	eagles	at	wind	energy	facilities,	and	will	also	assist	the	wind	energy	industry	in	providing	
the	biological	data	needed	to	support	permit	applications	for	facilities	that	may	pose	a	risk	to	
eagles.	
	
2.  The Bald and Golden Eagle Protection Act 
The	Bald	and	Golden	Eagle	Protection	Act	(BGEPA)	is	the	primary	law	protecting	eagles.		BGEPA	
prohibits	“take”	of	eagles	without	a	permit	(16	USC	668‐668c).		BGEPA	defines	“take”	to	include	
“pursue,	shoot	at,	poison,	wound,	kill,	capture,	trap,	collect,	molest	or	disturb,”	and	prohibits	take	of	
individuals	and	their	parts,	nests,	or	eggs.		The	Service	expanded	this	definition	by	regulation	to	
include	the	term	“destroy”	to	ensure	that	“take”	includes	destruction	of	eagle	nests.		The	term	
“disturb”	is	further	defined	by	regulation	as	“to	agitate	or	bother	a	bald	or	golden	eagle	to	a	degree	
that	causes,	or	is	likely	to	cause,….injury	to	an	eagle,	a	decrease	in	productivity,	or	nest	
abandonment”	(50	CFR	22.3).	
	
3.  Risks to Eagles from Wind Energy Facilities	
Wind	energy	development	can	affect	eagles	in	a	variety	of	ways.		First,	eagles	can	be	killed	by	
colliding	with	structures	such	as	wind	turbines.	This	is	the	primary	threat	to	eagles	from	wind	
facilities,	and	the	ECPG	guidance	is	primarily	aimed	at	this	threat.		Second,	disturbance	from	pre‐
construction,	construction,	or	operation	and	maintenance	activities	might	disturb	eagles	at	
concentration	sites	or	and	result	in	loss	of	productivity	at	nearby	nests.		Third,	serious	disturbance	
or	mortality	effects	could	result	in	the	permanent	or	long	term	loss	of	a	nesting	territory.		
Additionally,	disturbances	near	important	eagle	use	areas	or	migration	concentration	sites	might	
stress	eagles	so	much	that	they	suffer	reproductive	failure	or	mortality	elsewhere,	to	a	degree	that	
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could	amount	to	prohibited	take.		All	of	these	impacts,	unless	properly	permitted,	are	violations	of	
BGEPA.	
	
4.  Eagle Take Permits 
The	Service	recognizes	that	wind	energy	facilities,	even	those	developed	and	operated	with	the	
utmost	effort	to	conserve	wildlife,	may	under	some	circumstances	result	in	the	“take”	of	eagles	
under	BGEPA.		However,	in	2009,	the	Service	promulgated	new	permit	rules	for	eagles	that	address	
this	issue	(50	CFR	22.26	and	22.27).	
	
Under	these	new	rules	the	Service	can	issue	permits	that	authorize	individual	instances	of	take	of	
bald	and	golden	eagles	when	the	take	is	associated	with,	but	not	the	purpose	of,	an	otherwise	lawful	
activity,	and	cannot	practicably	be	avoided.		The	regulations	also	authorize	permits	for	
“programmatic”	take,	which	means	that	instances	of	“take”	may	not	be	isolated,	but	may	recur.		The	
programmatic	take	permits	are	the	most	germane	permits	for	wind	energy	facilities.		However,	
under	these	regulations,	any	ongoing	or	programmatic	take	must	be	unavoidable	even	after	the	
implementation	of	advanced	conservation	practices	(ACPs).	
	
The	ECPG	is	written	to	guide	wind‐facility	projects	starting	from	the	earliest	conceptual	planning	
phase.		For	projects	already	in	the	development	or	operational	phase,	implementation	of	all	stages	
of	the	recommended	approach	in	the	ECPG	may	not	be	applicable	or	possible.		Project	developers	or	
operators	with	operating	or	soon‐to‐be	operating	facilities	and	who	are	interested	in	obtaining	a	
programmatic	eagle	take	permit	should	contact	the	Service.		The	Service	will	work	with	project	
developers	or	operators	to	determine	if	the	project	might	be	able	to	meet	the	permit	requirements	
in	50	CFR	22.26.		The	Service	may	recommend	that	the	developer	monitor	eagle	fatalities	and	
disturbance,	adopt	reasonable	measures	to	reduce	eagle	fatalities	from	historic	levels,	and	
implement	compensatory	mitigation.		Sections	of	the	ECPG	that	address	these	topics	are	relevant	to	
both	planned	and	operating	wind	facilities	(Appendices	E	and	F	in	particular).	Operators	of	wind	
projects	(and	other	activities)	that	were	in	operation	prior	to	2009	that	pose	a	risk	to	golden	eagles	
may	qualify	for	programmatic	eagle	take	permits	that	do	not	automatically	require	compensatory	
mitigation.	This	is	because	the	requirements	for	obtaining	programmatic	take	authorization	are	
designed	to	reduce	take	from	historic,	baseline	levels,	and	the	preamble	to	the	Eagle	Permit	Rule	
specified	that	unavoidable	take	remaining	after	implementation	of	avoidance	and	minimization	
measures	at	such	projects	would	not	be	subtracted	from	regional	eagle	take	thresholds.	
	
5.  Voluntary Nature of the ECPG 
Wind	project	operators	are	not	legally	required	to	seek	or	obtain	an	eagle	take	permit.		However,	
the	take	of	an	eagle	without	a	permit	is	a	violation	of	BGEPA,	and	could	result	in	prosecution.		The	
methods	and	approaches	suggested	in	the	ECPG	are	not	mandatory	to	obtain	an	eagle	take	permit.	
The	Service	will	accept	other	approaches	that	provide	the	information	and	data	required	by	the	
regulations.		The	ECP	can	be	a	stand‐alone	document,	or	part	of	a	larger	bird	and	bat	strategy	as	
described	in	the	WEG,	so	long	as	it	adequately	meets	the	regulatory	requirements	at	50	CFR	22.26	
to	support	a	permit	decision.		However,	Service	employees	who	process	eagle	take	permit	
applications	are	trained	in	the	methods	and	approaches	covered	in	the	ECPG.	Using	other	
methodologies	may	result	in	longer	application	processing	times.	
	
	6.  Eagle Take Thresholds 
Eagle	take	permits	may	be	issued	only	in	compliance	with	the	conservation	standards	of	BGEPA.		
This	means	that	the	take	must	be	compatible	with	the	preservation	of	each	species,	defined	(in	
USFWS	2009a)	as	“consistent	with	the	goal	of	stable	or	increasing	breeding	populations.”	
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To	ensure	that	any	authorized	“take”	of	eagles	does	not	exceed	this	standard,	the	Service	has	set	
regional	take	thresholds	for	each	species,	using	methodology	contained	in	the	National	
Environmental	Policy	Act	(NEPA)	Final	Environmental	Assessment	(FEA)	developed	for	the	new	
eagle	permit	rules	(USFWS	2009b).		The	Service	looked	at	regional	populations	of	eagles	and	set	
take	thresholds	for	each	species	(upper	limits	on	the	number	of	eagle	mortalities	that	can	be	
allowed	under	permit	each	year	in	these	regional	management	areas).	
	
The	analysis	identified	take	thresholds	greater	than	zero	for	bald	eagles	in	most	regional	
management	areas.		However,	the	Service	determined	that	golden	eagle	populations	might	not	be	
able	to	sustain	any	additional	unmitigated	mortality	at	that	time,	and	set	the	thresholds	for	this	
species	at	zero	for	all	regional	populations.		This	means	that	any	new	authorized	“take”	of	golden	
eagles	must	be	at	least	equally	offset	by	compensatory	mitigation	(specific	conservation	actions	to	
replace	or	offset	project‐induced	losses).	
	
The	Service	also	put	in	place	measures	to	ensure	that	local	eagle	populations	are	not	depleted	by	
take	that	would	be	otherwise	regionally	acceptable.		The	Service	specified	that	take	rates	must	be	
carefully	assessed,	both	for	individual	projects	and	for	the	cumulative	effects	of	other	activities	
causing	take,	at	the	scale	of	the	local‐area	eagle	population	(a	population	within	a	distance	of	43	
miles	for	bald	eagles	and	140	miles	for	golden	eagles).	This	distance	is	based	on	the	median	
distance	to	which	eagles	disperse	from	the	nest	where	they	are	hatched	to	where	they	settle	to	
breed.	
	
The	Service	identified	take	rates	of	between	1	and	5	percent	of	the	total	estimated	local‐area	eagle	
population		as	significant,	with	5	percent	being	at	the	upper	end	of	what	might	be	appropriate	
under	the	BGEPA	preservation	standard,	whether	offset	by	compensatory	mitigation	or	not.		
Appendix	F	provides	a	full	description	of	take	thresholds	and	benchmarks,	and	provides	suggested	
tools	for	evaluating	how	these	apply	to	individual	projects.	
	
7.  An Approach for Developing and Evaluating Eagle ACPs 
Permits	for	eagle	take	at	wind‐energy	facilities	are	programmatic	in	nature	as	they	will	authorize	
recurring	take	rather	than	isolated	incidences	of	take.		For	programmatic	take	permits,	the	
regulations	require	that	any	authorized	take	must	be	unavoidable	after	the	implementation	of	
advanced	conservation	practices	(ACPs).		ACPs	are	defined	as	“scientifically	supportable	measures	
that	are	approved	by	the	Service	and	represent	the	best	available	techniques	to	reduce	eagle	
disturbance	and	ongoing	mortalities	to	a	level	where	remaining	take	is	unavoidable”	(50	CFR	22.3).	
	
Because	the	best	information	currently	available	indicates	there	are	no	conservation	measures	that	
have	been	scientifically	shown	to	reduce	eagle	disturbance	and	blade‐strike	mortality	at	wind	
projects,	the	Service	has	not	currently	approved	any	ACPs	for	wind	energy	projects.	
	
The	process	of	developing	ACPs	for	wind	energy	facilities	has	been	hampered	by	the	lack	of	
standardized	scientific	study	of	potential	ACPs.		The	Service	has	determined	that	the	best	way	to	
obtain	the	needed	scientific	information	is	to	work	with	industry	to	develop	ACPs	for	wind	projects	
as	part	of	an	adaptive‐management	regime	and	comprehensive	research	program	tied	to	the	
programmatic‐take‐permit	process.		In	this	scenario,	ACPs	will	be	implemented	at	operating	wind	
facilities	with	an	eagle	take	permit	on	an	“experimental”	basis	(the	ACPs	are	considered	
experimental	because	they	would	not	currently	meet	the	definition	of	an	ACP	in	the	eagle	permit	
regulation).	The	experimental	ACPs	would	be	scientifically	evaluated	for	their	effectiveness,	as	
described	in	detail	in	this	document,	and	based	on	the	results	of	these	studies,	could	be	modified	in	
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an	adaptive	management	regime.		This	approach	will	provide	the	needed	scientific	information	for	
the	future	establishment	of	formal	ACPs,	while	enabling	wind	energy	facilities	to	move	forward	in	
the	interim.	
	
Despite	the	current	lack	of	formally	approved	ACPs,	there	may	be	other	conservation	measures	
based	on	the	best	available	scientific	information	that	should	be	applied	as	a	condition	on	
programmatic	eagle	take	permits	for	wind‐energy	facilities.		A	project	developer	or	operator	will	be	
expected	to	implement	any	reasonable	avoidance	and	minimization	measures	that	may	reduce	take	
of	eagles	at	a	project.		In	addition,	the	Service	and	the	project	developer	or	operator	will	identify	
other	site‐specific	and	possibly	turbine‐specific	factors	that	may	pose	risks	to	eagles,	and	agree	on	
the	experimental	ACPs	to	avoid	and	minimize	those	risks.	Unless	the	Service	determines	that	there	
is	a	reasonable	scientific	basis	to	implement	the	experimental	ACPs	up	front	(or	it	is	otherwise	
advantageous	to	the	developer	to	do	so),	we	recommend	that	such	measures	be	deferred	until	such	
time	as	there	is	eagle	take	at	the	facility	or	the	Service	determines	that	the	circumstances	and	
evidence	surrounding	the	take	or	risk	of	take	suggest	the	experimental	ACPs	might	be	warranted.		
The	programmatic	eagle	take	permit	would	specify	the	experimental	ACPs,	if	circumstances	
warrant,	and	the	permit	would	be	conditioned	on	the	project	operator’s	agreement	to	implement	
and	monitor	the	experimental	ACPs.	
	
Because	the	ACPs	would	be	experimental,	the	Service	recommends	that	they	be	subject	to	a	cost	cap	
that	the	Service	and	the	project	developer	or	operator	would	establish	as	part	of	the	initial	
agreement	before	issuance	of	an	eagle	permit.		This	would	provide	financial	certainty	as	to	what	
maximum	costs	of	such	measures	might	be.		The	amount	of	the	cap	should	be	proportional	to	
overall	risk.	
	
As	the	results	from	monitoring	experimental	ACPs	across	a	number	of	facilities	accumulate	and	are	
analyzed,	scientific	information	in	support	of	certain	experimental	ACPs	may	accrue,	whereas	other	
ACPs	may	show	little	value	in	reducing	take.		If	the	Service	determines	that	the	available	science	
demonstrates	an	experimental	ACP	is	effective	in	reducing	eagle	take,	the	Service	will	formally	
approve	that	ACP	and	require	its	implementation	up	front	on	new	projects	when	and	where	
warranted.	
	
As	the	ECPG	evolves,	the	Service	will	not	expect	project	developers	or	operators	to	retroactively	
redo	analyses	or	surveys	using	the	new	approaches.		The	adaptive	approach	to	the	ECPG	should	not	
deter	project	developers	or	operators	from	using	the	ECPG	immediately.	
	
8.  Mitigation Actions to Reduce Effects on Eagle Populations 
Where	wind	energy	facilities	cannot	avoid	taking	eagles	and	eagle	populations	are	not	healthy	
enough	to	sustain	additional	mortality,	applicants	must	reduce	the	unavoidable	mortality	to	a	no‐
net‐loss	standard	for	the	duration	of	the	permitted	activity.		No‐net‐loss	means	that	these	actions	
either	reduce	another	ongoing	form	of	mortality	to	a	level	equal	to	or	greater	than	the	unavoidable	
mortality,	or	lead	to	an	increase	in	carrying	capacity	that	allows	the	eagle	population	to	grow	by	an	
equal	or	greater	amount.		Actions	to	reduce	eagle	mortality	or	increase	carrying	capacity	to	this	no‐
net‐loss	standard	are	known	as	“compensatory	mitigation”	in	the	ECPG.		Examples	of	compensatory	
mitigation	activities	might	include	retrofitting	power	lines	to	reduce	eagle	electrocutions,	removing	
road‐killed	animals	along	roads	where	vehicles	hit	and	kill	scavenging	eagles,	or	increasing	prey	
availability.	
	
The	Service	and	the	project	developer	or	operator	seeking	a	programmatic	eagle	take	permit	
should	agree	on	the	number	of	eagle	fatalities	to	mitigate	and	what	actions	will	be	taken	if	actual	
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eagle	fatalities	differ	from	the	predicted	number.		The	compensatory	mitigation	requirement	and	
trigger	for	adjustment	should	be	specified	in	the	permit.		If	the	procedures	recommended	in	the	
ECPG	are	followed,	there	should	not	be	a	need	for	additional	compensatory	mitigation.		However,	if	
other,	less	risk‐averse	models	are	used	to	estimate	fatalities,	underestimates	might	be	expected	and	
the	permit	should	specify	the	threshold(s)	of	take	that	would	trigger	additional	actions	and	the	
specific	mitigation	activities	that	might	be	implemented.	
	
Additional	types	of	mitigation	such	as	preserving	habitat	–	actions	that	would	not	by	themselves	
lead	to	increased	numbers	of	eagles	but	would	assist	eagle	conservation	–	may	also	be	advised	to	
offset	other	detrimental	effects	of	permits	on	eagles.		Compensatory	mitigation	is	further	discussed	
below	(Stage	4	–	Avoidance	and	Minimization	of	Risk	and	Compensatory	Mitigation).	
	
9.  Relationship of Eagle Guidelines (ECPG) to the Wind Energy Guidelines (WEG) 
The	ECPG	is	intended	to	be	implemented	in	conjunction	with	other	actions	recommended	in	the	
WEG	that	assess	impacts	to	wildlife	species	and	their	habitats.		The	WEG	recommends	a	five‐tier	
process	for	such	assessments,	and	the	ECPG	fits	within	that	framework.	The	ECPG	focuses	on	just	
eagles	to	facilitate	collection	of	information	that	could	support	an	eagle	take	permit	decision.		The	
ECPG	uses	a	five‐stage	approach	like	the	WEG;	the	relationship	between	the	ECPG	stages	and	the	
WEG	tiers	is	shown	in	Fig.	1.	
	
Tiers	1	and	2	of	the	WEG	(Stage	1	of	the	ECPG)	could	provide	sufficient	evidence	to	demonstrate	
that	a	project	poses	very	low	risk	to	eagles.		Provided	this	assessment	is	robust,	eagles	may	not	
warrant	further	consideration	in	subsequent	WEG	tiers,	and	Stages	2	through	5	of	the	ECPG	and	
pursuit	of	an	eagle	take	permit	might	be	unnecessary.		A	similar	conclusion	could	be	reached	at	the	
end	of	Stage	2,	3,	or	4.		In	such	cases,	if	unpermitted	eagle	take	subsequently	occurs,	the	wind	
project	proponent	should	consult	with	the	U.S.	Fish	and	Wildlife	Service	to	determine	how	to	
proceed,	possibly	by	obtaining	an	eagle	take	permit.	
	
The	following	sections	describe	the	general	approach	envisioned	for	assessing	wind	project	impacts	
to	eagles	(also	see	the	Stage	Overview	Table	at	the	end	of	the	Executive	Summary).	
	

Tiers 1 and 2 of the WEG, Stage 1 of the ECPG 
Tier	1	of	the	WEG	is	the	preliminary	site	evaluation	(landscape‐scale	screening	of	possible	
project	sites).	Tier	2	is	site	characterization	(broad	characterization	of	one	or	more	
potential	project	sites).		These	correspond	with	Stage	1	of	the	ECPG,	the	site‐assessment	
stage.		As	part	of	the	Tiers	1	and	2	process,	project	developers	should	carry	out	Stage	1	of	
the	ECPG	and	evaluate	broad	geographic	areas	to	assess	the	relative	importance	of	various	
areas	to	resident	breeding	and	non‐breeding	eagles,	and	to	migrant	and	wintering	eagles.	
During	Stage	1,	the	project	developer	or	operator	should	gather	existing	information	from	
publicly	available	literature,	databases,	and	other	sources,	and	use	those	data	to	judge	the	
appropriateness	of	various	potential	project	sites,	balancing	suitability	for	development	
with	potential	risk	to	eagles.	
	
To	increase	the	probability	of	meeting	the	regulatory	requirements	for	a	programmatic	take	
permit,	biological	advice	from	the	Service	and	other	jurisdictional	wildlife	agencies	should	
be	requested	as	early	as	possible	in	the	developer's	planning	process	and	should	be	as	
inclusive	as	possible	to	ensure	all	issues	are	being	addressed	at	the	same	time	and	in	a	
coordinated	manner.		Ideally,	consultation	with	the	Service,	and	state	and	tribal	wildlife	
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agencies	is	done	before	wind	developers	make	any	substantial	financial	commitment	or	
finalize	lease	agreements.		
	
Tier 3 of the WEG, Stages 2, 3, and 4 of the ECPG 
During	Tier	3	of	the	WEG,	a	developer	conducts	field	studies	to	document	wildlife	use	and	
habitat	at	the	project	site	and	predict	project	impacts.		These	site‐specific	studies	are	critical	
to	evaluating	potential	impacts	to	all	wildlife	including	eagles.		The	developer	and	the	
Service	would	use	the	information	collected	to	support	an	eagle	take	permit	application,	
should	the	developer	seek	a	permit.		As	part	of	Tier	3,	the	ECPG	recommends	project	
developers	or	operators	implement	three	stages	of	assessment:	

 Stage	2	‐	site‐specific	surveys	and	assessments;	
 Stage	3	‐	predicting	eagle	fatalities;	and	
 Stage	4	‐	avoidance	and	minimization	of	risk	and	compensatory	mitigation.	

	
Stage 2 – Site Specific Surveys and Assessments 
During	Stage	2	the	Service	recommends	the	project	developer	collect	quantitative	
data	through	scientifically	rigorous	surveys	designed	to	assess	the	potential	risk	of	
the	proposed	project	to	eagles.		The	Service	recommends	collecting	information	that	
will	allow	estimation	of	the	eagle	exposure	rate	(eagle‐minutes	flying	within	the	
project	footprint	per	hour	per	kilometer2),	as	well	as	surveys	sufficient	to	determine	
if	important	eagle	use	areas	or	migration	concentration	sites	are	within	or	in	close	
proximity	to	the	project	footprint	(see	Appendix	C).		In	the	case	of	small	wind	
projects	(one	utility‐scale	turbine	or	a	few	small	turbines),	the	project	developer	
should	consider	the	proximity	of	eagle	nesting	and	roosting	sites	to	a	proposed	
project	and	discuss	the	results	of	the	Stage	1	assessment	with	the	Service	to	
determine	if	Stage	2	surveys	are	necessary.		In	many	cases	the	hazardous	area	
associated	with	such	projects	will	be	small	enough	that	Stage	2	surveys	will	not	be	
necessary.	
	
Stage 3 – Predicting Eagle Fatalities 
In	Stage	3,	the	Service	and	project	developers	or	operators	use	data	from	Stage	2	in	
models	to	predict	eagle	risk	expressed	as	the	average	number	of	fatalities	per	year	
extrapolated	to	the	tenure	of	the	permit.		These	models	can	compare	alternative	
siting,	construction,	and	operational	scenarios,	a	useful	feature	in	constructing	
hypotheses	regarding	predicted	effects	of	conservation	measures	and	experimental	
ACPs.		The	Service	encourages	project	developers	or	operators	to	use	the	
recommended	pre‐construction	survey	protocol	in	this	ECPG	in	Stage	2	to	help	
inform	our	predictive	models	in	Stage	3.		If	Service‐recommended	survey	protocols	
are	used,	this	risk	assessment	can	be	greatly	facilitated	using	model	tools	available	
from	the	Service.		If	project	developers	or	operators	use	other	forms	of	information	
for	the	Stage	2	assessment,	they	will	need	to	fully	describe	those	methods	and	the	
analysis	used	for	the	eagle	risk	assessment.		The	Service	will	require	more	time	to	
evaluate	and	review	the	data	because,	for	example,	the	Service	will	need	to	compare	
the	results	of	the	project	developer	or	operator’s	eagle	risk	assessment	with	
predictions	from	our	models.		If	the	results	differ,	we	will	work	with	the	project	
developers	or	operators	to	determine	which	model	results	are	most	appropriate	for	
the	Service’s	eventual	permitting	decisions.	
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The	Service	and	project	developers	or	operators	also	evaluate	Stage	2	data	to	
determine	whether	disturbance	take	is	likely,	and	if	so,	at	what	level.		Any	loss	of	
production	that	may	stem	from	disturbance	should	be	added	to	the	fatality	rate	
prediction	for	the	project.		The	risk	assessments	at	Stage	2	and	Stage	3	are	
consistent	with	developing	the	information	necessary	to	assess	the	efficacy	of	
conservation	measures,	and	to	develop	the	monitoring	required	by	the	permit	
regulations	at	50	CFR	22.26(c)(2).	
	
Stage 4 - Avoidance and Minimization of Risk and Compensatory Mitigation 
In	Stage	4	the	information	gathered	should	be	used	by	the	project	developer	or	
operator	and	the	Service	to	determine	potential	conservation	measures	and	ACPs	(if	
available)	to	avoid	or	minimize	predicted	risks	at	a	given	site	(see	Appendix	E).		The	
Service	will	compare	the	initial	predictions	of	eagle	mortality	and	disturbance	for	
the	project	with	predictions	that	take	into	account	proposed	and	potential	
conservation	measures	and	ACPs,	once	developed	and	approved,	to	determine	if	the	
project	developer	or	operator	has	avoided	and	minimized	risks	to	the	maximum	
degree	achievable,	thereby	meeting	the	requirements	for	programmatic	permits	
that	remaining	take	is	unavoidable.		Additionally,	the	Service	will	use	the	
information	provided	along	with	other	data	to	conduct	a	cumulative	effects	analysis	
to	determine	if	the	project’s	impacts,	in	combination	with	other	permitted	take	and	
other	known	factors,	are	at	a	level	that	exceed	the	established	thresholds	or	
benchmarks	for	eagle	take	at	the	regional	and	local‐area	scales.		This	final	eagle	risk	
assessment	is	completed	at	the	end	of	Stage	4	after	application	of	conservation	
measures	and	ACPs	(if	available)	along	with	a	plan	for	compensatory	mitigation	if	
required.	
	
The	eagle	permit	process	requires	compensatory	mitigation	if	conservation	
measures	do	not	remove	the	potential	for	take,	and	the	projected	take	exceeds	
calculated	thresholds	for	the	eagle	management	unit	in	which	the	project	is	located.		
However,	there	may	also	be	other	situations	in	which	compensatory	mitigation	is	
necessary.	The	following	guidance	applies	to	those	situations	as	well.	
	
Compensatory	mitigation	can	address	pre‐existing	causes	of	eagle	mortality	(such	as	
eagle	electrocutions	from	power	poles)	or	it	can	address	increasing	the	carrying	
capacity	of	the	eagle	population	in	the	affected	eagle	management	unit.		However,	
there	needs	to	be	a	credible	analysis	that	supports	the	conclusion	that	implementing	
the	compensatory	mitigation	action	will	achieve	the	desired	beneficial	offset	in	
mortality	or	carrying	capacity.	
	
For	new	wind	development	projects,	if	compensatory	mitigation	is	necessary,	the	
compensatory	mitigation	action	(or	a	verifiable,	legal	commitment	to	such	
mitigation)	will	be	required	up	front	before	project	operations	begin	because	
projects	must	meet	the	statutory	eagle	preservation	standard	before	the	Service	
may	issue	a	permit.		For	operating	projects,	compensatory	mitigation	should	be	
applied	from	the	start	of	the	permit	period,	not	retroactively	from	the	time	the	
project	began.		The	initial	compensatory	mitigation	effort	should	be	sufficient	to	
offset	the	predicted	number	of	eagle	fatalities	per	year	for	five	years.	No	later	than	
at	the	end	of	the	five	year	period,	the	Service	and	the	project	operator	will	compare	
the	predicted	annual	take	estimate	to	the	realized	take	based	on	post‐construction	
monitoring.		If	the	triggers	identified	in	the	permit	for	adjustment	of	compensatory	
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mitigation	are	met,	those	adjustments	should	be	implemented.	In	the	case	where	the		
observed	take	was	less	than	estimated,	the	permittee	will	receive	a	credit	for	the	
excess	compensation	(the	difference	between	the	actual	mean	and	the	number	
compensated	for)	that	can	be	applied	to	other	take	(either	by	the	permittee	or	other	
permitted	individuals	at	his/her	discretion)	within	the	same	eagle	management	
unit.	The	Service,	in	consultation	with	the	permittee,	will	determine	compensatory	
mitigation	for	future	years	for	the	project	at	this	point,	taking	into	account	the	
observed	levels	of	mortality	and	any	reduction	in	that	mortality	that	is	expected	
based	on	implementation	of	additional	experimental	conservation	measures	and	
ACPs.		Monitoring	using	the	best	scientific	and	practicable	methods	available	should	
be	included	to	determine	the	effectiveness	of	the	resulting	compensatory	mitigation	
efforts.		The	Service	will	modify	the	compensatory	mitigation	process	to	adapt	to	
any	improvements	in	our	knowledge	base	as	new	data	become	available.	
	
At	the	end	of	Stage	4,	all	the	materials	necessary	to	satisfy	the	regulatory	
requirements	to	support	a	permit	application	should	be	available.		While	a	project	
operator	can	submit	a	permit	application	at	any	time,	the	Service	can	only	begin	the	
formal	process	to	determine	whether	a	programmatic	eagle	take	permit	can	be	
issued	after	completion	of	Stage	4.		Ideally,	National	Environmental	Policy	Act	
(NEPA)	and	National	Historic	Preservation	Act	(NHPA	)	analyses	and	assessments	
will	already	be	underway,	but	if	not,	Stage	4	should	include	necessary	NEPA	
analysis,	NHPA	compliance,	coordination	with	other	jurisdictional	agencies,	and	
tribal	consultation.	

 
Tier 4 and 5 of the WEG, Stage 5 of the ECPG 
If	the	Service	issues	an	eagle	take	permit	and	the	project	goes	forward,	project	operators	
will	conduct	post‐construction	surveys	to	collect	data	that	can	be	compared	with	the	pre‐
construction	risk‐assessment	predictions	for	eagle	fatalities	and	disturbance.	The	
monitoring	protocol	should	include	validated	techniques	for	assessing	both	mortality	and	
disturbance	effects,	and	they	must	meet	the	permit‐condition	requirements	at	50	CFR	
22.26(c)(2).		In	most	cases,	intensive	monitoring	will	be	conducted	for	at	least	the	first	two	
years	after	permit	issuance,	followed	by	less	intense	monitoring	for	up	to	three	years	after	
the	expiration	date	of	the	permit.	Project	developers	or	operators	should	use	the	post‐
construction	survey	protocols	included	or	referenced	in	this	ECPG,	but	we	will	consider	
other	monitoring	protocols	provided	by	permit	applicants	though	the	process	will	likely	
take	longer	than	if	familiar	approaches	were	used.		The	Service	will	use	the	information	
from	post‐construction	monitoring	in	a	meta‐analysis	framework	to	weight	and	improve	
pre‐construction	predictive	models.	
	
Additionally	in	Stage	5,	the	Service	and	project	developers	or	operators	should	use	the	post‐
construction	monitoring	data	to	(1)	assess	whether	compensatory	mitigation	is	adequate,	
excessive,	or	deficient	to	offset	observed	mortality,	and	make	adjustments	accordingly;	and	
(2)	explore	operational	changes	that	might	be	warranted	at	a	project	after	permitting	to	
reduce	observed	mortality	and	meet	permit	requirements.	

	
10.  Site Categorization Based on Mortality Risk to Eagles  
Beginning	at	the	end	of	Stage	1,	and	continuing	at	the	end	of	Stages	2,	3,	and	4,	we	recommend	the	
approach	outlined	below	be	used	to	assess	the	likelihood	that	a	wind	project	will	take	eagles,	and	if	
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so,	that	the	project	will	meet	standards	in	50	CFR	22.26	for	issuance	of	a	programmatic	eagle	take	
permit.	
	

Category 1 – High risk to eagles, potential to avoid or mitigate impacts is low 
A	project	is	in	this	category	if	it:	

(1)	has	an	important	eagle‐use	area	or	migration	concentration	site	within	the	project	
footprint;	or	

(2)	has	an	annual	eagle	fatality	estimate	(average	number	of	eagles	predicted	to	be	
taken	annually)		>	5%	of	the	estimated	local‐area	population	size;	or	

(3)	causes	the	cumulative	annual	take	for	the	local‐area	population	to	exceed	5%	of	the	
estimated	local‐area	population	size.	

	
In	addition,	projects	that	have	eagle	nests	within	½	the	mean	project‐area	inter‐nest	
distance	of	the	project	footprint	should	be	carefully	evaluated.		If	it	is	likely	eagles	
occupying	these	territories	use	or	pass	through	the	project	footprint,	category	1	designation	
may	be	appropriate.	
	
Projects	or	alternatives	in	category	1	should	be	substantially	redesigned	to	at	least	meet	the	
category	2	criteria.		The	Service	recommends	that	project	developers	not	build	projects	at	
sites	in	category	1	because	the	project	would	likely	not	meet	the	regulatory	requirements.	
The	recommended	approach	for	assessing	the	percentage	of	the	local‐area	population	
predicted	to	be	taken	is	described	in	Appendix	F.	
	
Category 2 – High or moderate risk to eagles, opportunity to mitigate impacts 
A	project	is	in	this	category	if	it:	

(1)	has	an	important	eagle‐use	area	or	migration	concentration	site	within	the	project	
area	but	not	in	the	project	footprint;	or	

(2)	has	an	annual	eagle	fatality	estimate	between	0.03	eagles	per	year	and	5%	of	the	
estimated	local‐area	population	size;	or	

(3)	causes	cumulative	annual	take	of	the	local‐area	population	of		less	than	5%	of	the	
estimated	local‐area	population	size.	

	
Projects	in	this	category	will	potentially	take	eagles	at	a	rate	greater	than	is	consistent	with	
maintaining	stable	or	increasing	populations,	but	the	risk	might	be	reduced	to	an	acceptable	
level	through	a	combination	of	conservation	measures	and	reasonable	compensatory	
mitigation.		These	projects	have	a	risk	of	ongoing	take	of	eagles,	but	this	risk	can	be	
minimized.		For	projects	in	this	category	the	project	developer	or	operator	should	prepare	
an	Eagle	Conservation	Plan	(ECP)	or	similar	plan	to	document	meeting	the	regulatory	
requirements	for	a	programmatic	permit.		The	ECP	or	similar	document	can	be	a	stand‐
alone	document,	or	part	of	a	larger	bird	and	bat	strategy	as	described	in	the	WEG,	so	long	as	
it	adequately	meets	the	regulatory	requirements	at	50	CFR	22.26	to	support	a	permit	
decision.		For	eagle	management	populations	where	take	thresholds	are	set	at	zero,	the	
conservation	measures	in	the	ECP	should	include	compensatory	mitigation	and	must	result	
in	no‐net‐loss	to	the	breeding	population	to	be	compatible	with	the	permit	regulations.		This	
does	not	apply	to	golden	eagles	east	of	the	100th	meridian,	for	which	no	non‐emergency	
take	can	presently	be	authorized	(USFWS	2009b).	
	
Category 3 – Minimal risk to eagles 
A	project	is	in	this	category	if	it:	
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(1)	has	no	important	eagle	use	areas	or	migration	concentration	sites	within	the	project	
area;	and	

(2)	has	an	annual	eagle	fatality	rate	estimate	of	less	than	0.03;	and	
(3)	causes	cumulative	annual	take	of	the	local‐area	population	of	less	than	5%	of	the	

estimated	local‐area	population	size.	
	
Projects	in	category	3	pose	little	risk	to	eagles	and	may	not	require	or	warrant	eagle	take	
permits,	but	that	decision	should	be	made	in	coordination	with	the	Service.		Still,	a	project	
developer	or	operator	may	wish	to	create	an	ECP	or	similar	document	or	strategy	that	
documents	the	project’s	low	risk	to	eagles,	and	outlines	mortality	monitoring	for	eagles	and	
a	plan	of	action	if	eagles	are	taken	during	project	construction	or	operation.		This	would	
enable	the	Service	to	provide	a	permit	to	allow	a	de	minimis	amount	of	take	if	the	project	
developer	or	operator	wished	to	obtain	such	a	permit.	
	

The	risk	category	of	a	project	can	potentially	change	as	a	result	of	additional	site‐specific	analyses	
and	application	of	measures	to	reduce	the	risk.		For	example,	a	project	may	appear	to	be	in	category	
2	as	a	result	of	Stage	1	analyses,	but	after	collection	of	site‐specific	information	in	Stage	2	it	might	
become	clear	it	is	a	category	1	project.		If	a	project	cannot	practically	be	placed	in	one	of	these	
categories,	the	project	developer	or	operator	and	the	Service	should	work	together	to	determine	if	
the	project	can	meet	programmatic	eagle	take	permitting	requirements	in	50	CFR	22.26	and	22.27.		
Projects	should	be	placed	in	the	highest	category	(with	category	1	being	the	highest)	in	which	one	
or	more	of	the	criteria	are	met.	
	
11.  Addressing Uncertainty 
There	is	substantial	uncertainty	surrounding	the	risk	of	wind	projects	to	eagles,	and	of	ways	to	
minimize	that	risk.		For	this	reason,	the	Service	stresses	that	it	is	very	important	not	to	
underestimate	eagle	fatality	rates	at	wind	facilities.		Overestimates,	once	confirmed,	can	be	adjusted	
downward	based	on	post‐construction	monitoring	information	with	no	consequence	to	eagle	
populations.		Project	developers	or	operators	can	trade	or	be	credited	for	excess	compensatory	
mitigation,	and	debits	to	regional	and	local‐area	eagle‐take	thresholds	and	benchmarks	can	be	
adjusted	downwards	to	reflect	actual	fatality	rates.		However,	the	options	for	addressing	
underestimated	fatality	rates	are	extremely	limited,	and	pose	either	potential	hardships	for	wind	
developers	or	significant	risks	to	eagle	populations.	
	
Our	long‐term	approach	for	moving	forward	in	the	face	of	this	uncertainty	is	to	implement	eagle	
take	permitting	in	a	formal	adaptive	management	framework.	The	Service	anticipates	four	specific	
sets	of	adaptive	management	decisions:	(1)	adaptive	management	of	wind	project	siting	and	design	
recommendations;	(2)	adaptive	management	of	wind	project	operations;	(3)	adaptive	management	
of	compensatory	mitigation;	and	(4)	adaptive	management	of	population‐level	take	thresholds.		
These	are	discussed	in	more	detail	in	Appendix	A.		The	adaptive	management	process	will	depend	
heavily	on	pre‐	and	post‐construction	data	from	individual	projects,	but	analyses,	assessment,	and	
model	evaluation	will	rely	on	data	pooled	over	many	individual	wind	projects.		Learning	
accomplished	through	adaptive	management	will	be	rapidly	incorporated	into	the	permitting	
process	so	that	the	regulatory	process	adjusts	in	proportion	to	actual	risk.	
 
12.  Interaction with the Service 
The	Service	encourages	early,	frequent	and	thorough	coordination	between	project	developers	or	
operators	and	Service	and	other	jurisdictional‐agency	employees	as	they	implement	the	tiers	of	the	
WEG,	and	the	related	Stages	of	the	ECPG.		Close	coordination	will	aid	the	refinement	of	the	
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modeling	process	used	to	predict	fatalities,	as	well	as	the	post‐construction	monitoring	to	evaluate	
those	models.		We	anticipate	the	ECPG	and	the	recommended	methods	and	metrics	will	evolve	as	
the	Service	and	project	developers	or	operators	learn	together.		The	Service	has	created	a	cross‐
program,	cross‐regional	team	of	biologists	who	will	work	jointly	on	eagle‐programmatic‐take	
permit	applications	to	help	ensure	consistency	in	administration	and	application	of	the	Eagle	
Permit	Rule.		This	close	coordination	and	interaction	is	especially	important	as	the	Service	
processes	the	first	few	programmatic	eagle	take	permit	applications.	
	
The	Service	will	continue	to	refine	this	ECPG	with	input	from	all	stakeholders	with	the	objective	of	
maintaining	stable	or	increasing	breeding	populations	of	both	bald	and	golden	eagles	while	
simultaneously	developing	science‐based	eagle‐take	regulations	and	procedures	that	are	
appropriate	to	the	risk	associated	with	each	wind	energy	project.	
	
	
	
Stage Overview Table - Overview of staged approach to developing an Eagle Conservation Plan as 
described in the ECPG.  Stages are in chronological order.  Stage 5 would only be applicable in cases where a 
permit was issued at the end of Stage 4. 
	

Stage	 Objective	 Actions	 Data	Sources	

1	
At	the	landscape	level,	identify	
potential	wind	facility	locations	
with	manageable	risk	to	eagles.	

Broad,	landscape‐scale	
evaluation.	

Technical	literature,	agency	files,	
on‐line	biological	databases,	data	
from	nearby	projects,	industry	
reports,	geodatabases,	experts.	

2	

Obtain	site‐specific	data	to	
predict	eagle	fatality	rates	and	
disturbance	take	at	wind‐facility	
sites	that	pass	Stage	1	
assessment.		Investigate	other	
aspects	of	eagle	use	to	consider	
assessing	distribution	of	
occupied	nests	in	the	project	
area,	migration,	areas	of	
seasonal	concentration,	and	
intensity	of	use	across	the	
project	footprint.	

Site‐specific	surveys	and	
intensive	observation	to	
determine	eagle	exposure	rate	
and	distribution	of	use	in	the	
project	footprint,	plus	locations	
of	occupied		eagle	nests,	
migration	corridors	and	
stopover	sites,	foraging	
concentration	areas,	and	
communal	roosts	in	the	project	
area.	

Project	footprint:	800‐m	radius	
point	count	surveys	and	
utilization	distribution	studies.		
Project	area:	nest	surveys,	
migration	counts	at	likely	
topographic	features,	
investigation	of	use	of	potential	
roost	sites	and	of	areas	of	high	
prey	availability.		Ideally	
conducted	for	no	less	than	2	
years	pre‐construction.	

3	

As	part	of	pre‐construction	
monitoring	and	assessment,	
estimate	the	fatality	rate	of	
eagles	for	the	facility	evaluated	
in	Stage	2,	excluding	possible	
additions	of	conservation	
measures	and	advanced	
conservation	practices	(ACPs).		
Consider	possible	disturbance	
effects.	

Use	the	exposure	rate	derived	
from	Stage	2	data	in	Service‐
provided	models	to	predict	the	
annual	eagle	fatality	rate	for	the	
project.		Determine	if	
disturbance	effects	are	likely	and	
what	they	might	be.	

Point	count,	nest,	and	eagle	
concentration	area	data	from	
Stage	2.	
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Stage	 Objective	 Actions	 Data	Sources	

4	

As	part	of	the	pre‐construction	
assessment,	identify	and	
evaluate	conservation	measures	
and	ACPs	that	might	avoid	or	
minimize	fatalities	and	
disturbance	effects	identified	in	
Stage	3.		When	necessary,	
identify	compensatory	
mitigation	to	reduce	predicted	
take	to	a	no‐net‐loss	standard.	

Re‐run	fatality	prediction	models	
with	risk	adjusted	to	reflect	
application	of	conservation	
measures	and	ACPs	to	determine	
fatality	estimate	(80%	upper	
confidence	limit	or	equivalent).		
Calculate	required	
compensatory	mitigation	
amount	where	necessary,	
considering	disturbance	effects,	
if	any.		Identify	actions	needed	to	
accomplish	compensatory	
mitigation.	

Fatality	estimates	before	and	
after	application	of	conservation	
measures	and	ACPs,	using	point	
count	data	from	Stage	2.		
Estimates	of	disturbance	effects	
from	Stage	3.	

Permit	
Decision	

Determine	if	regulatory	
requirements	for	issuance	of	a	
permit	have	been	met.	

The	Service	will	issue	or	deny	
the	permit	request	based	on	an	
evaluation	of	the	ECP	or	other	
form	of	application.	

Data	from	Stages	1,	2,	3	and	4;		
results	of	NEPA	analysis;	and	
considering	information	
obtained	during	tribal	
consultation	and	through	
coordination	with	the	states	and	
other	jurisdictional	agencies.	

5	

During	post‐construction	
monitoring,	document	mean	
annual	eagle	fatality	rate	and	
effects	of	disturbance.		
Determine	if	initial	conservation	
measures	are	working	and	
should	be	continued,	and	if	
additional	conservation	
measures	might	reduce	observed	
fatalities.	Monitor	effectiveness	
of	compensatory	mitigation.		
Ideally,	assess	use	of	area	by	
eagles	for	comparison	to	pre‐
construction	levels.	

Conduct	fatality	monitoring	in	
project	footprint.		Monitor	
activity	of	eagles	that	may	be	
disturbed	at	nest	sites,	
communal	roosts,	and/or	major	
foraging	sites.		Ideally,	monitor	
eagle	use	of	project	footprint	via	
point	counts,	migration	counts,	
and/or	intensive	observation	of	
use	distribution.	

Post‐construction	survey	
database	for	fatality	monitoring,	
Comparable	pre‐	and	post‐
construction	data	for	selected	
aspect	of	eagle	use	of	the	project	
footprint	and	adjoining	areas.	
	
All	post‐construction	surveys	
should	be	conducted	for	at	least	
2	years,	and	targeted	thereafter	
to	assess	effectiveness	of	any	
experimental	conservation	
measures	or	ACPs.	
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INTRODUCTION AND PURPOSE 
	
The	mission	of	the	Service	is	working	with	others	to	conserve,	protect	and	enhance	fish,	wildlife,	
plants	and	their	habitats	for	the	continuing	benefit	of	the	American	people.		As	part	of	this,	we	are	
charged	with	implementing	statutes	including	the	BGEPA,	MBTA	(Migratory	Bird	Treaty	Act),	and	
ESA	(Endangered	Species	Act).		BGEPA	prohibits	all	take	of	eagles	unless	otherwise	authorized	by	
the	Service.	A	goal	of	BGEPA	is	to	ensure	that	any	authorized	take	of	bald	and	golden	eagles	is	
compatible	with	their	preservation,	which	the	Service	has	interpreted	to	mean	allowing	take	that	is	
consistent	with	the	goal	of	stable	or	increasing	breeding	populations.		In	2009,	the	Service	
promulgated	regulations	authorizing	issuance	of	permits	for	non‐purposeful	take	of	eagles;	the	
ECPG	is	intended	to	promote	compliance	with	BGEPA	with	respect	to	such	permits	by	providing	
recommended	procedures	for:	

	
(1) 	conducting	early	pre‐construction	assessments	to	identify	important	eagle	use	areas;	
(2) 	analyzing	pre‐construction	information	to	estimate	potential	impacts	on	eagles;	
(3) 	avoiding,	minimizing,	and/or	compensating	for	potential	adverse	effects	to	eagles;	and	
(4) 	monitoring	for	impacts	to	eagles	during	construction	and	operation.	

	
The	ECPG	calls	for	scientifically	rigorous	surveys,	monitoring,	risk	assessment,	and	research	
designs	proportionate	to	the	risk	to	both	bald	and	golden	eagles.		The	ECPG	describes	a	process	by	
which	wind	energy	developers,	operators,	and	their	consultants	can	collect	and	analyze	information	
that	could	lead	to	a	programmatic	permit	to	authorize	unintentional	take	of	eagles	at	wind	energy	
facilities.		The	processes	described	here	is	not	required,	but	project	developers	or	operators	should	
coordinate	closely	with	the	Service	if	they	plan	to	use	an	alternative	approach	to	meet	the	
regulatory	requirements	for	a	permit.	
	
1.  Purpose 
The	Service	published	a	final	rule	(Eagle	Permit	Rule)	on	September	11,	2009		under	BGEPA	(50	
CFR	22.26)	authorizing	limited	issuance	of	permits	to	take	bald	eagles	(Haliaeetus	leucocephalus)	
and	golden	eagles	(Aquila	chrysaetos)	‘‘for	the	protection	of	...	other	interests	in	any	particular	
locality’’	where	the	take	is	compatible	with	the	preservation	of	the	bald	eagle	and	the	golden	eagle,	
is	associated	with	and	not	the	purpose	of	an	otherwise	lawful	activity,	and	cannot	practicably	be	
avoided	(USFWS	2009a).		The	ECPG	explains	the	Service’s	approach	to	issuing	programmatic	eagle	
take	permits	for	wind	energy	projects	under	this	authority,	and	provides	guidance	to	permit	
applicants	(project	developers	or	operators),	Service	biologists,	and	biologists	with	other	
jurisdictional	agencies	(state	and	tribal	fish	and	wildlife	agencies,	in	particular)	on	the	development	
of	Eagle	Conservation	Plans	(ECPs)	to	support	permit	issuance.	
	
Since	finalization	of	the	Eagle	Permit	Rule,	the	development	and	planned	development	of	wind	
facilities	(developments	for	the	generation	of	electricity	from	wind	turbines)	have	increased	in	the	
range	of	the	golden	eagle	in	the	western	United	States.		Golden	eagles	are	vulnerable	to	collisions	
with	wind	turbines	(Hunt	2002),	and	in	some	areas	such	collisions	could	be	a	major	source	of	
mortality	(Hunt	et	al.	1999,	2002;	USFWS	unpublished	data).		Although	significant	numbers	of	bald	
eagle	mortalities	have	not	yet	been	reported	at	North	American	wind	facilities,	deaths	have	
occurred	at	more	than	one	location	(USFWS,	unpublished	data),	and	the	closely	related	and	
behaviorally	similar	white‐tailed	eagle	(Haliaeetus	albicilla)	has	been	killed	regularly	at	wind	
facilities	in	Europe	(Krone	2003,	Cole	2009,	Nygård	et	al.	2010).		Because	of	this	risk	to	eagles,	
many	of	the	current	and	planned	wind	facilities	require	permits	under	the	Eagle	Permit	Rule	to	be	
in	compliance	with	the	law	if	and	when	an	eagle	is	taken	at	that	facility.		In	addition	to	being	legally	
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necessary	to	comply	with	BGEPA	and	50	CFR	22.26,	the	conservation	practices	necessary	to	meet	
standards	required	for	issuance	of	these	permits	should	offset	the	short‐	and	long‐term	negative	
effects	of	wind	energy	facilities	on	eagle	populations.	Because	of	the	urgent	need	for	guidance	on	
permitting	eagle	take	at	wind	facilities,	this	initial	module	focuses	on	this	issue.		Many	of	the	
concepts	and	approaches	outlined	in	this	module	can	be	readily	exported	to	other	situations	(e.g.,	
solar	facilities,	electric	power	lines),	and	the	Service	expects	to	release	other	modules	in	the	future	
specifically	addressing	other	sources	of	eagle	take.	
	
The	ECPG	is	intended	to	provide	interpretive	guidance	to	Service	biologists	and	others	in	applying	
the	regulatory	permit	standards	as	specified	in	the	rule.		They	do	not	in‐and‐of	themselves	impose	
additional	regulatory	or	generally‐binding	requirements.		An	ECP	per	se	is	not	required,	even	to	
obtain	a	programmatic	eagle	take	permit.		As	long	as	the	permit	application	is	complete	and	
includes	the	information	necessary	to	evaluate	a	permit	application	under	50	CFR	22.26	or	22.27,	
the	Service	will	review	the	application	and	make	a	determination	if	a	permit	will	be	issued.		
However,	Service	personnel	will	be	trained	in	the	application	of	the	procedures	and	approaches	
outlined	in	the	ECPG,	and	developers	who	choose	to	use	other	approaches	should	expect	the	review	
time	on	the	part	of	the	Service	to	be	longer.		The	Service	recommends	that	the	basic	format	for	the	
ECP	be	followed	to	allow	for	expeditious	consideration	of	the	application	materials.	
	
Preparation	of	an	ECP	and	consultation	with	the	Service	are	voluntary	actions	on	the	part	of	the	
developer.		There	is	no	legal	requirement	that	wind	developers	apply	for	or	obtain	an	eagle	take	
permit,	so	long	as	the	project	does	not	result	in	take	of	eagles.		However,	take	of	an	eagle	without	an	
eagle	take	permit	is	a	violation	of	BGEPA,	so	the	developer	or	operator	must	weigh	the	risks	in	
his/her	decision.		The	Service	is	available	to	consult	with	the	developer	or	operator	as	he/she	
makes	that	decision.	
	
The	ECPG	is	written	to	guide	wind‐facility	projects	starting	from	the	earliest	conceptual	planning	
phase.		For	projects	already	in	the	development	or	operational	phase,	implementation	of	all	stages	
of	the	recommended	approach	in	the	ECPG	may	not	be	applicable	or	possible.		Project	developers	or	
operators	with	operating	or	soon‐to‐be	operating	facilities	and	who	are	interested	in	obtaining	a	
programmatic	eagle	take	permit	should	contact	the	Service.		The	Service	will	work	with	project	
developers	or	operators	to	determine	if	the	project	might	be	able	to	meet	the	permit	requirements	
in	50	CFR	22.26.		The	Service	may	recommend	that	the	developer	monitor	eagle	fatalities	and	
disturbance,	adopt	reasonable	measures	to	reduce	eagle	fatalities	from	historic	levels,	and	
implement	compensatory	mitigation.		Sections	of	the	ECPG	that	address	these	topics	are	relevant	to	
both	planned	and	operating	wind	facilities	(Appendices	E	and	F	in	particular).	Operators	of	wind	
projects	(and	other	activities)	that	were	in	operation	prior	to	2009	that	pose	a	risk	to	golden	eagles	
may	qualify	for	programmatic	eagle	take	permits	that	do	not	automatically	require	compensatory	
mitigation.	This	is	because	the	requirements	for	obtaining	programmatic	take	authorization	are	
designed	to	reduce	take	from	historic,	baseline	levels,	and	the	preamble	to	the	Eagle	Permit	Rule	
specified	that	unavoidable	take	remaining	after	implementation	of	avoidance	and	minimization	
measures	at	such	projects	would	not	be	subtracted	from	regional	eagle	take	thresholds	(U.	S.	Fish	
and	Wildlife	Service	2009a).	
	
The	ECPG	is	designed	to	be	compatible	with	the	more	general	guidelines	provided	in	the	U.S.	Fish	
and	Wildlife	Service	Land‐based	Wind	Energy	Guidelines	(WEG)	http://www.fws.gov/	
habitatconservation/windpower/wind_turbine_advisory_committee.html.		However,	because	the	
ECPG	describes	actions	which	help	to	comply	with		the	regulatory	requirements	in	BGEPA	for	an	
eagle	take	permit	as	described	in	50	CFR	22.26	and	22.27,	they	are	more	specific.		The	Service	will	
make	every	effort	to	ensure	the	work	and	timelines	for	both	processes	are	as	congruent	as	possible.	
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2.  Legal Authorities and Relationship to Other Statutes and Guidelines	
There	are	several	laws	that	must	be	considered	for	compliance	during	eagle	take	permit	application	
review	under	the	50	CFR	22.26	and	22.27	regulations:	BGEPA,	MBTA,	ESA,	the	National	
Environmental	Policy	Act	(NEPA)	(42	U.S.C.	4321	et.	seq.),	and	the	National	Historic	Preservation	
Act	(NHPA)	(16	U.S.C.	470	et	seq.).		BGEPA	is	the	primary	law	protecting	eagles.	BGEPA	defines	
“take”	to	include	“pursue,	shoot,	shoot	at,	poison,	wound,	kill,	capture,	trap,	collect,	molest	or	
disturb”	and	prohibits	take	of	individuals,	and	their	parts,	nests,	or	eggs	(16	USC	668	&	668c).	The	
Service	expanded	this	definition	by	regulation	to	include	the	term	“destroy”	to	ensure	that	“take”	
includes	destruction	of	eagle	nests	(50	CFR	22.3).		The	term	“disturb”	is	defined	by	regulation	at	50	
CFR	22.3	as	“to	agitate	or	bother	a	bald	or	golden	eagle	to	a	degree	that	causes,	or	is	likely	to	cause,	
…	injury	to	an	eagle,	a	decrease	in	productivity,	or	nest	abandonment…”	(USFWS	2007).		A	goal	of	
BGEPA	is	to	ensure	that	any	authorized	take	is	compatible	with	eagle	preservation,	which	the	
Service	has	interpreted	to	mean	it	can	authorize	take	that	is	consistent	with	the	goal	of	stable	or	
increasing	breeding	populations	of	bald	and	golden	eagles	(USFWS	2009b).	

	
In	2009,	two	new	permit	rules	were	created	for	eagles.	Under	50	CFR	22.26,	the	Service	can	issue	
permits	that	authorize	individual	instances	of	take	of	bald	and	golden	eagles	when	the	take	is	
associated	with,	but	not	the	purpose	of	an	otherwise	lawful	activity,	and	cannot	practicably	be	
avoided.		The	regulation	also	authorizes	ongoing	or	programmatic	take,	but	requires	that	any	
authorized	programmatic	take	be	unavoidable	after	implementation	of	advanced	conservation	
practices.		Under	50	CFR	22.27,	the	Service	can	issue	permits	that	allow	the	intentional	take	of	eagle	
nests	where	necessary	to	alleviate	a	safety	emergency	to	people	or	eagles,	to	ensure	public	health	
and	safety,	where	a	nest	prevents	use	of	a	human‐engineered	structure,	and	to	protect	an	interest	
in	a	particular	locality	where	the	activity	or	mitigation	for	the	activity	will	provide	a	net	benefit	to	
eagles.		Only	inactive	nests	are	allowed	to	be	taken	except	in	cases	of	safety	emergencies.	
	
The	new	Eagle	Permit	Rule	provides	a	mechanism	where	the	Service	may	legally	authorize	the	non‐
purposeful	take	of	eagles.	However,	BGEPA	provides	the	Secretary	of	the	Interior	with	the	authority	
to	issue	eagle	take	permits	only	when	the	take	is	compatible	with	the	preservation	of	each	species,	
defined	in	USFWS	(2009a)	as	“…consistent	with	the	goal	of	stable	or	increasing	breeding	
populations.”		The	Service	ensures	that	any	take	it	authorizes	under	50	CFR	22.26	does	not	exceed	
this	preservation	standard	by	setting	regional	take	thresholds	for	each	species	determined	using	
the	methodology	contained	in	the	NEPA	Final	Environmental	Assessment	(FEA)	developed	for	the	
new	permit	rules	(USFWS	2009b).		The	details	and	background	of	the	process	used	to	calculate	
these	take	thresholds	are	presented	in	the	FEA	(USFWS	2009b).		It	is	important	to	note	that	the	
take	thresholds	for	regional	eagle	management	populations	(eagle	management	units)	and	the	
process	by	which	they	are	determined	are	derived	independent	from	this	or	any	other	ECPG	
module.	
	
Many	states	and	tribes	have	regulations	that	protect	eagles,	and	may	require	permits	for	purposeful	
and	non‐purposeful	take.		Project	developers	or	operators	should	contact	all	pertinent	state	and	
tribal	fish	and	wildlife	agencies	at	the	earliest	possible	stage	of	project	development	to	ensure	
proper	coordination	and	permitting.		The	Service	will	coordinate	our	programmatic	take	permits	
with	all	such	jurisdictional	agencies.	
	
Wind	projects	that	are	expected	to	cause	take	of	endangered	or	threatened	wildlife	species	should	
still	receive	incidental	take	authorizations	under	sections	7	or	10	of	ESA	in	order	to	ensure	
compliance	with	Federal	law.		A	project	developer	or	operator	seeking	an	Incidental	Take	Permit	
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(ITP)	through	the	ESA	section	10	Habitat	Conservation	Plan	(HCP)	process	may	be	issued	an	ITP	
only	if	the	permitted	activity	is	otherwise	lawful	(section	10(a)(1)(B)).	If	the	project	and	covered	
activities	in	the	HCP	are	likely	to	take	bald	or	golden	eagles,	the	project	proponent	should	obtain	a	
BGEPA	permit	or	include	the	bald	or	golden	eagle	as	a	covered	species	in	the	HCP	in	order	for	the	
activity	to	be	lawful	in	the	event	that	eagles	are	taken.		When	bald	or	golden	eagles	are	covered	in	
an	HCP	and	ITP,	the	take	is	authorized	under	BGEPA	even	if	the	eagle	species	is	not	listed	under	the	
ESA	(see	50	CFR	22.11(a)).	
	
If		bald	or	golden	eagles	are	included	as	covered	species	in	an	HCP,	the	avoidance,	minimization,	
and	other	mitigation	measures	in	the	HCP	must	meet	the	BGEPA	permit	issuance	criteria	of	50	CFR	
22.26,	and	include	flexibility	for	adaptive	management.	If	take	of	bald	or	golden	eagles	is	likely	but	
the	project	developer	or	operator	does	not	qualify	for	eagle	take	authorization	(or	chooses	not	to	
request	such	authorization),	an	ITP	may	be	issued	in	association	with	the	proposed	HCP.	The	
project	proponent	must	be	advised,	in	writing,	that	bald	or	golden	eagles	would	not	be	included	as	
covered	species	and	take	of	bald	eagles	or	golden	eagles	would	not,	therefore,	be	authorized	under	
the	incidental	take	permit.	The	project	developer	or	operator	must	also	be	advised	that	the	
incidental	take	permit	would	be	subject	to	suspension	or	revocation	if	take	of	bald	eagles	or	golden	
eagles	should	occur.	
	
In	addition	to	ESA,	wind	project	developers	or	operators	need	to	address	take	under	MBTA.		MBTA	
prohibits	the	taking,	hunting,	killing,	pursuit,	capture,	possession,	sale,	barter,	purchase,	transport,	
and	export	of	migratory	birds,	their	eggs,	parts,	and	nests,	except	when	authorized	by	the	
Department	of	the	Interior.		For	eagles,	the	BGEPA	take	authorization	serves	as	authorization	under	
MBTA	per	50	CFR	22.11(b).		For	other	MBTA‐protected	birds,	because	neither	the	MBTA	nor	its	
permit	regulations	at	50	CFR	Part	21	currently	provide	a	specific	mechanism	to	permit	
“unintentional”	take,	it	is	important	for	project	developers	or	operators	to	work	proactively	with	
the	Service	to	avoid	and	minimize	take	of	migratory	birds.	The	Service,	with	assistance	from	a	
Federal	Advisory	Committee,	developed	the	WEG	to	provide	a	structured	system	to	evaluate	and	
address	potential	negative	impacts	of	wind	energy	projects	on	species	of	concern.		Because	the	
Service	has	the	authority	to	issue	a	permit	for	non‐purposeful	take	of	eagles,	our	legal	and	
procedural	obligations	are	significantly	greater,	and	therefore	the	ECPG	is	more	focused	and	
detailed	than	the	WEG.		We	have	modeled	as	much	of	the	ECPG	as	possible	after	the	WEG,	but	there	
are	important	and	necessary	differences.	
	
NEPA	applies	to	issuance	of	eagle	take	permits	because	issuing	a	permit	is	a	federal	action.		While	
providing	technical	assistance	to	agencies	conducting	NEPA	analyses,	the	Service	will	participate	in	
the	other	agencies'	NEPA	to	the	extent	feasible	in	order	to	streamline	subsequent	NEPA	analyses	
related	to	a	project.		For	actions	that	may	result	in	applications	for	development	of	programmatic	
permits,	the	Service	may	participate	as	a	cooperating	agency	to	streamline	the	permitting	process.	
	
If	no	federal	nexus	exists,	other	than	an	eagle	permit,	or	if	the	existing	NEPA	of	another	agency	is	
not	adequate,	the	Service	must	complete	a	NEPA	analysis	before	it	can	issue	a	permit.		The	Service	
will	work	with	the	project	developer	or	operator	to	conduct	a	complete	NEPA	analysis,	including	
assisting	with	data	needs	and	determining	the	scope	of	analysis.		Project	developers	or	operators	
may	provide	assistance	that	can	expedite	the	NEPA	process	in	accordance	with	40	CFR	§1506.5.		
Additionally,	there	are	opportunities	to	“batch”	NEPA	analyses	for	proposed	projects	in	the	same	
geographic	area.		In	these	cases,	project	developers	or	operators	and	the	Service	could	pool	
resources	and	data,	likely	increasing	the	quality	of	the	product	and	the	efficiency	of	the	process.		
Developers	should	coordinate	closely	with	the	Service	for	projects	with	no	federal	nexus	other	than	
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the	eagle	permit.		Close	coordination	between	project	developers	or	operators	and	the	Service	
regarding	the	data	needs	and	scope	of	the	analysis	required	for	a	permit	will	reduce	delays.	
	
Through	50	CFR	22.26	and	the	associated	FEA,	the	Service	defined	“mitigation”	as	per	the	Service	
Mitigation	Policy	(46	FR	7644,	Jan.	23,	1981),	and	the	President’s	Council	on	Environmental	Quality	
(40	CFR	1508.20	(a‐e)),	to	sequentially	include	the	following:	
	

(1)	Avoiding	the	impact	on	eagles	altogether	by	not	taking	a	certain	action	or	parts	of	an	action;	
(2)	Minimizing	impacts	by	limiting	the	degree	or	magnitude	of	the	action	and	its	

implementation;	
(3)	Rectifying	the	impact	by	repairing,	rehabilitating,	or	restoring	the	affected	environment;	
(4)	Reducing	or	eliminating	the	impact	over	time	by	implementing	preservation	and	

maintenance	operation	during	the	lifetime	of	the	action;	and	
(5)	Compensating	for	the	impact	by	replacing	or	providing	substitute	resources	or	

environments.	
	
Throughout	this	document	we	differentiate	between	mitigation,	which	covers	all	of	the	components	
listed	above,	and	compensatory	mitigation,	which	is	a	subset	of	(5)	above	and	directly	targets	
offsetting	permitted	disturbance	and	mortality	to	accomplish	a	no‐net‐loss	objective	at	the	scale	of	
the	eagle	management	unit.		The	Service	requires	compensatory	mitigation	(potentially	in	addition	
to	other	mitigation)	where	it	has	not	been	determined	that	eagle	populations	can	sustain	additional	
mortality.		The	NEPA	analysis	on	our	permits	and	the	discussion	of	mitigation	in	this	document	
follow	this	system,	and	in	this	ECPG	we	refer	to	(1)	–	(4)	as	conservation	measures	to	avoid	and	
minimize	take,	of	which	ACPs	are	a	subset,	and	to	(5)	as	compensatory	mitigation.	
	
Eagles	are	significant	species	in	Native	American	culture	and	religion	(Palmer	1988)	and	may	be	
considered	contributing	elements	to	a	“traditional	cultural	property”	under	Section	106	of	the	
NHPA.		Some	locations	where	eagles	would	be	taken	have	traditional	religious	and	cultural	
importance	to	Native	American	tribes	and	thus	have	the	potential	of	being	regarded	as	traditional	
cultural	properties	under	NHPA.		Permitted	take	of	one	or	more	eagles	from	these	areas,	for	any	
purpose,	could	be	considered	an	adverse	effect	to	the	traditional	cultural	property.		These	
considerations	will	be	incorporated	into	any	NEPA	analysis	associated	with	an	eagle	take	permit.	
	
Federally‐recognized	Indian	tribes	enjoy	a	unique	government‐to‐government	relationship	with	the	
United	States.		The	Service	recognizes	Indian	tribal	governments	as	the	authoritative	voice	
regarding	the	management	of	tribal	lands	and	resources	within	the	framework	of	applicable	laws.	It	
is	important	to	recall	that	many	tribal	traditional	lands	and	tribal	rights	extend	beyond	reservation	
lands.		The	Service	consults	with	Indian	tribal	governments	under	the	authorities	of	Executive	
Order	13175	“Consultation	and	Coordination	with	Indian	Tribal	Governments”	and	supporting	DOI	
and	Service	policies.		To	this	end,	when	it	is	determined	that	federal	actions	and	activities	may	
affect	a	tribe’s	resources	(including	cultural	resources),	lands,	rights,	or	ability	to	provide	services	
to	its	members,	the	Service	must,	to	the	extent	practicable,	seek	to	engage	the	affected	tribe(s)	in	
consultation	and	coordination.	

 
3.  Background and Overview of Process 
Increased	energy	demands	and	the	nationwide	goal	to	increase	energy	production	from	renewable	
sources	have	intensified	the	development	of	energy	facilities,	including	wind	energy.	The	Service	
supports	renewable	energy	development	that	is	compatible	with	fish	and	wildlife	conservation.		
The	Service	closely	coordinates	with	state,	tribal,	and	other	federal	agencies	in	the	review	and	
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permitting	of	wind	energy	projects	to	address	potential	resource	effects,	including	effects	to	bald	
and	golden	eagles.	However,	our	knowledge	of	these	effects	and	how	to	address	them	at	this	time	is	
limited.		Given	this	and	the	Service’s	regulatory	mandate	to	only	authorize	actions	that	are	
“compatible	with	the	goal	of	stable	or	increasing	breeding	populations”	of	eagles	has	led	us	to	adopt	
an	adaptive	management	framework	predicated,	in	part,	on	the	precautionary	approach	for	
consideration	and	issuance	of	programmatic	eagle	take	permits.		This	framework	consists	of	case‐
specific	considerations	applied	within	a	national	framework,	and	with	the	outcomes	carefully	
monitored	so	that	we	maximize	learning	from	each	case.		The	knowledge	gained	through	
monitoring	can	then	be	used	to	update	and	refine	the	process	for	making	future	permitting	
decisions	such	that	our	ultimate	conservation	objectives	are	attained,	as	well	as	to	consider	
operational	adjustments	at	individual	projects	at	regular	intervals	where	deemed	necessary	and	
appropriate.		The	ECPG	provides	the	background	and	information	necessary	for	wind	project	
developers	or	operators	to	prepare	an	ECP	that	assesses	the	risk	of	a	prospective	or	operating	
project	to	eagles,	and	how	siting,	design,	and	operational	modifications	can	mitigate	that	risk.		
Implementation	of	the	final	ECP	must	reduce	predicted	eagle	take,	and	the	population	level	effect	of	
that	take,	to	a	degree	compatible	with	regulatory	standards	to	justify	issuance	of	a	programmatic	
take	permit	by	the	Service.	
	

a. Risks to Eagles 
Energy	development	can	affect	eagles	in	a	variety	of	ways.		First,	structures	such	as	wind	
turbines	can	cause	direct	mortality	through	collision	(Hunt	2002,	Nygård	et	al.	2010).		This	
is	the	primary	threat	to	eagles	from	wind	facilities,	and	the	monitoring	and	avoidance	and	
minimization	measures	advocated	in	the	ECPG	primarily	are	aimed	at	this	threat.		Second,	
activities	associated	with	pre‐construction,	construction,	or	operation	and	maintenance	of	a	
project	might	cause	disturbance	and	result	in	loss	of	productivity	at	nearby	nests	or	
disturbance	to	nearby	concentrations	of	eagles.		Third,	if	disturbance	or	mortality	effects	
are	permanent,	they	could	result	in	the	permanent	or	long	term	loss	of	a	nesting	territory.		
All	of	these	impacts,	unless	properly	permitted,	are	violations	of	BGEPA	(USFWS	2009a).		
Additionally,	disturbances	near	important	eagle	use	areas	or	migration	concentration	sites	
might	stress	eagles	to	a	degree	that	leads	to	reproductive	failure	or	mortality	elsewhere;	
these	impacts	are	of	concern	as	well,	and	they	could	amount	to	prohibited	take,	though	such	
effects	are	difficult	to	predict	and	quantify.		Thus,	the	ECPG	addresses	both	direct	mortality	
and	disturbance.		Many	new	wind	projects	are	located	in	remote	areas	that	have	few,	if	any,	
transmission	lines.		The	Service	considers	new	transmission	lines	and	other	infrastructure	
associated	with	renewable	energy	projects	to	be	part	of	a	project.		Accordingly,	assessments	
of	project	impacts	should	include	transmission	lines	and	other	facilities,	not	merely	wind	
turbines.	
	
b. General Approach to Address Risk 
Applicants	for	permits	under	50	CFR	22.26,	non‐purposeful	eagle	take,	are	required	to	avoid	
and	minimize	the	potential	for	take	of	eagles	to	the	extent	practicable.		Permits	for	wind‐
energy	development	are	programmatic	as	they	will	authorize	recurring	take,	rather	than	
isolated	incidences	of	take.		For	programmatic	take	permits,	the	regulations	at	50	CFR	22.26	
require	that	any	authorized	take	is	unavoidable	after	implementation	of	ACPs.		50	CFR	22.3	
defines	“advanced	conservation	practices”	as	“scientifically	supportable	measures	that	are	
approved	by	the	Service	and	represent	the	best	available	techniques	to	reduce	eagle	
disturbance	and	ongoing	mortalities	to	a	level	where	remaining	take	is	unavoidable.”	
	



10 
 

Because	the	best	information	indicates	that	there	are	currently	no	available	scientifically	
supportable	measures	that	will	reduce	eagle	disturbance	and	blade‐strike	mortality	at	wind	
projects,	the	Service	has	not	currently	approved	any	ACPs	for	wind‐energy	projects.	
The	preamble	to	the	Eagle	Permit	Rule	envisioned	the	Service	and	industry	working	
together	to	identify	and	evaluate	possible	ACPs	(USFWS	2009a).		The	process	of	ACP	
development	for	wind‐energy	facilities	has	been	hampered	because	there	has	been	little	
standardized	scientific	study	of	potential	ACPs,	and	such	information	can	best	be	obtained	
through	experimental	application	of	ACPs	at	operating	facilities	with	eagle	take	permits.		
Given	this,	and	considering	the	pressing	need	to	develop	ACPs	for	wind‐energy	facilities,	the	
Service	believes	that	the	best	course	of	action	is	to	work	with	industry	to	develop	ACPs	for	
wind	projects	as	part	of	the	programmatic	take	permit	process.	
	
Under	this	scenario,	ACPs	would	be	implemented	at	operating	wind	facilities	with	an	eagle	
take	permit	on	an	“experimental”	basis	(the	ACPs	are	considered	experimental	because	they	
would	not	yet	meet	the	definition	of	an	ACP	in	the	eagle	permit	regulation).		The	
experimental	ACPs	would	be	scientifically	evaluated	for	their	effectiveness,	and	based	on	
the	results	of	these	studies,	could	be	modified	in	an	adaptive	management	regime.	
	
Despite	the	current	lack	of	available	ACPs,	the	best	available	scientific	information	may	
demonstrate	that	a	particular	avoidance,	minimization,	or	other	mitigation	action	should	be	
applied	as	a	condition	on	an	eagle	programmatic	take	permit	for	wind‐energy	facilities	(see	
50	C.F.R.	22.6(c)(1)).		A	project	developer	or	operator	will	still	be	expected	to	implement	
any	reasonable	avoidance	and	minimization	measures	that	may	reduce	take	of	eagles	at	a	
project.		However,	the	Service	and	the	project	developer	or	operator	will	discuss	and	agree	
on	other	site‐specific	and	possibly	turbine‐specific	factors	that	may	pose	risks	to	eagles	and	
experimental	ACPs	that	might	reduce	or	eliminate	those	risks	if	the	risks	are	substantiated	
by	the	best	available	science.		Unless	the	Service	determines	that	there	is	a	reasonable	
scientific	basis	to	implement	experimental	ACPs	up	front,	we	recommend	that	such	
measures	be	deferred	until	such	time	as	there	is	eagle	take	at	the	facility	or	the	Service	
determines	that	the	circumstances	and	evidence	surrounding	instances	of	take	or	risk	of	
take	suggest	the	experimental	ACPs	might	be	warranted.		This	agreement	would	be	
specified	as	a	condition	of	the	programmatic	eagle	take	permit.	
	
Because	ACPs	would	be	considered	experimental	in	these	situations,	we	recommend	that	
they	be	subject	to	a	cost	cap	that	the	Service	and	the	project	developer	or	operator	establish	
as	part	of	the	initial	agreement	before	issuance	of	a	permit,	thereby	providing	financial	
certainty	to	the	project	operator	or	developer	as	to	what	maximum	costs	of	such	measures	
might	be.		The	amount	of	the	cap	should	be	relevant	to	the	theorized	risk	factors	identified	
for	the	project,	and	proportional	to	overall	risk.	
	
If	eagle	take	is	confirmed	through	post‐construction	monitoring,	developers	or	operators	
would	be	expected	to	implement	the	experimental	ACP(s)	and	to	monitor	future	eagle	take	
relative	to	the	ACP(s)	as	part	of	the	adaptive	management	process	specified	in	Appendix	A,	
but	all	within	the	limits	of	the	pre‐determined	financial	cap.		As	the	results	from	monitoring	
experimental	ACPs	across	a	number	of	facilities	accumulates	and	is	analyzed	as	part	of	the	
adaptive	management	process,	scientific	information	in	support	of	certain	ACPs	may	accrue,	
whereas	other	ACPs	may	show	little	value	in	reducing	take.		If	the	Service	determines	that	
the	available	science	demonstrates	an	experimental	ACP	is	effective	in	reducing	eagle	take,	
the	Service	will	approve	that	ACP	and	require	its	implementation	up	front	on	new	projects	
when	and	where	warranted.	
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Where	take	is	unavoidable	and	when	eagle	populations	at	the	scale	of	the	eagle	
management	unit	(as	defined	in	USFWS	2009b)	are	not	estimated	to	be	healthy	enough	to	
sustain	additional	mortality	over	existing	levels,	applicants	must	reduce	the	effect	of	
permitted	unavoidable	mortality	to	a	no‐net‐loss	standard	through	compensatory	
mitigation	for	the	duration	of	the	permitted	activity.		No‐net‐loss	means	that	unavoidable	
mortality	caused	by	the	permitted	activities	is	offset	by	compensatory	mitigation	that	
reduces	another,	ongoing	form	of	mortality	by	an	equal	or	greater	amount,	or	which	leads	to	
an	increase	in	carrying	capacity	that	allows	the	eagle	population	to	grow	by	an	equal	or	
greater	amount.		Compensatory	mitigation	may	also	be	necessary	to	offset	substantial	
effects	in	other	situations	(USFWS	2009a),	and	mitigation	designed	to	offset	other	
detrimental	effects	of	permits	on	eagles	may	be	advised	in	addition	to	compensatory	
mitigation	in	some	cases.		The	Service	and	the	project	developer	or	operator	seeking	a	
programmatic	eagle	take	permit	should	agree	on	the	number	of	eagle	fatalities	to	mitigate	
and	what	actions	will	be	taken	if	actual	eagle	fatalities	differ	from	the	predicted	number.		
The	compensatory	mitigation	requirement	and	trigger	for	adjustment	should	be	specified	in	
the	permit.		If	the	procedures	recommended	in	the	ECPG	are	followed,	there	should	not	be	a	
need	for	additional	compensatory	mitigation.		However,	if	other,	less	risk‐averse	models	are	
used	to	estimate	fatalities,	underestimates	might	be	expected	and	the	permit	should	specify	
the	threshold(s)	of	take	that	would	trigger	additional	actions	and	the	specific	mitigation	
activities	that	would	be	implemented	if	fatalities	are	underestimated.		The	approach	
described	in	the	ECPG	is	applicable	for	all	land‐based	wind	energy	projects	within	the	range	
of	the	bald	and	golden	eagle	where	interactions	with	wind	project	infrastructure	have	been	
documented	or	are	reasonably	expected	to	occur.		The	ECPG	is	intended	to	provide	a	
national	framework	for	assessing	and	mitigating	risk.	
	
As	part	of	the	application	process	for	a	programmatic	eagle	take	permit,	the	Service	
recommends	that	project	developers	or	operators	prepare	an	ECP	that	outlines	the	project	
development	process	and	includes	conservation	and	monitoring	plans	as	recommended	in	
this	ECPG.		The	ECPG	provides	examples	of	ways	that	applicants	can	meet	the	regulatory	
standards	in	the	rule,	and	while	other	approaches	may	be	acceptable,	the	Service	will	
determine	their	adequacy	on	a	case‐by‐case	basis.		As	noted	previously,	an	ECP	is	not	
required,	but	if	one	is	developed	following	the	approach	recommended	here,	it	will	expedite	
Service	review	of	the	project.	
	

There	is	substantial	uncertainty	surrounding	the	risk	of	wind	projects	to	eagles,	and	of	ways	to	
minimize	that	risk.		For	this	reason,	the	Service	strongly	recommends	that	care	be	taken	to	protect	
against	the	consequences	of	underestimating	eagle	fatality	rates	at	wind	facilities.		Overestimates,	
once	confirmed,	can	be	adjusted	downward	based	on	post‐construction	monitoring	information	
with	no	consequence	to	eagle	populations,	and	project	developers	or	operators	can	trade	or	be	
credited	for	excess	compensatory	mitigation.		However,	the	options	for	addressing	underestimated	
fatality	rates	are	extremely	limited,	and	pose	either	potential	hardships	for	wind	developers	or	
significant	risks	to	eagle	populations.	
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ASSESSING RISK AND EFFECTS 
 
1.  Considerations When Assessing Eagle Use Risk 
Bald	eagles	and	golden	eagles	associate	with	distinct	geographic	areas	and	landscape	features	
throughout	their	respective	ranges.		The	Service	defines	these	“important	eagle‐use	areas”	as	“an	
eagle	nest,	foraging	area,	or	communal	roost	site	that	eagles	rely	on	for	breeding,	sheltering,	or	
feeding,	and	the	landscape	features	surrounding	such	nest,	foraging	area,	or	roost	site	that	are	
essential	for	the	continued	viability	of	the	site	for	breeding,	feeding,	or	sheltering	eagles”	(USFWS	
2009a;	50	CFR	22.3).		Migration	corridors	and	migration	stopover	sites	also	provide	important	
foraging	areas	for	eagles	during	migration	(e.g.,	Restani	et	al.	2001,	Mojica	2008)	and	result	in	
seasonal	concentrations	of	eagles.		As	a	result,	the	presence	of	a	migration	corridor	or	stopover	site	
on	or	near	a	proposed	wind	development	project	could	increase	the	probability	of	encounters	
between	eagles	and	wind	turbines.		Although	these	sites	are	not	specifically	included	within	the	
regulatory	definition	of	an	important	eagle‐use	area	at	50	CFR	22.3,	the	presence	of	such	a	site	on	
or	near	a	proposed	wind	project	could	increase	the	likelihood	of	collisions.	

	
Wind	energy	projects	that	overlap,	or	are	proximate	to,	important	eagle	use	areas	or	migration	
concentration	sites	may	pose	risks	to	the	eagles	for	reasons	described	earlier.		Project	developers	
or	operators	should	identify	the	location	and	type	of	all	important	eagle	use	areas	or	migration	
concentration	sites	that	might	be	affected	by	a	proposed	wind	project	(e.g.,	within	the	project	area).		
If	recent	(within	the	previous	5	years)	local	data	are	available	on	the	spacing	of	eagle	nests	for	the	
project‐area	nesting	population,	those	data	can	be	used	to	determine	an	appropriate	boundary	for	
such	surveys	(as	described	in	Appendix	H).		Otherwise,	for	both	species	we	suggest	initial	surveys	
be	conducted	on	and	within	10	miles	of	a	project’s	footprint	to	establish	the	project‐area	mean	
inter‐nest	distance.		The	project	footprint	is	the	minimum	convex	polygon	(e.g.,	Mohr	1947)	that	
encompasses	the	wind	project	area	inclusive	of	the	hazardous	area	around	all	turbines	and	any	
associated	infrastructure,	including	utility	lines,	out‐buildings,	roads,	etc.		We	suggest	a	site‐specific	
approach	based	on	the	spacing	between	nearest,	simultaneously	occupied	nests	for	the	species	
present	in	the	area.		If	data	on	nest‐spacing	in	the	project	area	are	lacking,	project	proponents	or	
operators	may	wish	to	survey	up	to	10	miles,	as	this	is	½	the	largest	recorded	spacing	observed	for	
golden	eagles	in	the	Mojave/Sonoran	deserts	of	western	Arizona	(Millsap	1981).		.		For	subsequent	
monitoring	(e.g.,	post‐construction	monitoring	of	occupancy	and	productivity	of	pairs	potentially	
disturbed	by	the	project),	the	project‐area	mean	inter‐nest	distance	can	be	used	to	define	a	more	
relevant	project‐area	boundary.		The	10‐mile	perimeter	may	be	unnecessary	for	bald	eagles	in	
some	areas,	and	the	Service	acknowledges	there	needs	to	be	flexibility	in	the	application	of	this	
approach	to	accommodate	specific	situations.	

	
Evaluating	the	spatial	area	described	above	for	each	wind	project	is	a	key	part	of	the	programmatic	
take	permitting	process.		As	described	later,	surveys	should	be	conducted	initially	to	obtain	data	to	
predict	effects	of	wind	projects	on	eagles.		After	the	project	begins	operating,	studies	should	again	
be	conducted	to	determine	the	actual	effects.		The	following	sections	include	descriptions	and	
criteria	for	identifying	important	eagle	use	areas	or	migration	concentration	sites	in	these	
assessments.	
	

a. General Background and Rationale for Assessing Project Effects on Eagles 
A	synthesis	of	publicly	available	databases	and	technical	literature	are	fundamental	to	the	
pre‐construction	assessment	component	of	an	ECP.		In	some	instances,	this	work	may	
reveal	information	on	use	of	a	proposed	project	area	by	eagles	that	is	strong	enough	to	
support	a	decision	on	whether	to	proceed	with	the	project.		In	most	cases,	if	available	
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information	warrants	further	consideration	of	a	potential	wind	project	site,	on‐site	surveys	
should	be	implemented	to	further	document	use	of	the	project	area	by	eagles.		The	goal	of	
such	surveys	should	be	to	quantify	and	describe	use	of	the	project	area	by	breeding	
(territorial)	and	non‐breeding	eagles	across	seasons	and	years.		A	variety	of	survey	
approaches	may	be	needed	to	accomplish	this	goal.	
	
Although	potential	for	presence	of	all	types	of	important	eagle	use	areas	or	migration	
concentration	sites	should	be	considered	when	beginning	to	assess	a	potential	project	site,	
special	attention	is	typically	given	to	nests	and	nesting	pairs.		An	eagle	territory	is	defined	in	
50	CFR	22.3	as	an	area	that	contains,	or	historically	contained,	one	or	more	nests	within	the	
home	range	of	a	mated	pair	of	eagles.		We	recognize	that	usage	conflicts	with	the	true	
biological	meaning	of	the	term	territory,	but	we	use	it	herein	in	its	regulatory	context.		
Newton	(1979)	considered	the	nesting	territory	of	a	raptor	as	the	defended	area	around	a	
pair’s	nest	site	and	defined	the	home	range	as	“...the	area	traveled	by	the	individual	in	its	
normal	activities	of	food	gathering,	mating,	and	caring	for	the	young.”		For	golden	eagles	at	
least,	the	extent	of	the	home	range	and	territory	during	nesting	season	generally	are	
similar;	the	eagle	defends	its	territory	by	undulating	flight	displays	near	the	home	range	
boundaries	and	adjoining	territories	barely	overlap	(Harmata	1982,	Collopy	and	Edwards	
1989,	Marzluff	et	al.	1997).	
	
Avoidance	zones,	often	distinguished	by	specific	“buffer”	distances,	have	been	prescribed	to	
protect	nests	and	other	types	of	eagle	use	areas	from	disturbance.		Recommendations	for	
the	size	of	avoidance	zones	for	nests	of	bald	eagles	and	golden	eagles	have	sometimes	been	
based	on	documented	distances	between	nests	and	territory	boundaries.		For	example,	
McGrady	et	al.	(2002)	and	Watson	and	Davies	(2009)	indicated	nesting	territories	of	golden	
eagles	extend	to	at	least	4	miles	from	their	nests.		Garrett	et	al.	(1993)	found	that	bald	eagle	
territories	extend	at	least	2	miles	from	nests,	though	studies	in	areas	of	densely	packed	
breeding	territories	of	bald	eagles	suggest	much	smaller	distances	(Sherrod	et	al.	1976,	
Hodges	and	Robards	1982,	Anthony	2001).		A	recommendation	for	a	spatial	buffer	to	avoid	
disturbance	of	eagle	nests	can	hardly	be	applied	throughout	the	entire	range	of	either	
species	due	to	marked	variation	in	the	size	and	configuration	of	nesting	territories.		As	such,	
these	avoidance	prescriptions	have	been	conservative	because	there	are	few	site‐specific	
data	on	spatial	extent	of	territories	in	the	published	and	unpublished	literature.		For	bald	
eagles,	minimum‐distance	buffers	are	prescribed	by	the	Service	to	protect	nests,	foraging	
areas,	and	communal	roosts	against	disturbance	from	a	variety	of	activities	(USFWS	2007b).	
	
The	approach	we	recommend	in	the	ECPG	for	evaluating	siting	options	and	assessing	
potential	mortality	and	disturbance	effects	of	wind	facilities	on	eagles	is	to	conduct	
standardized	surveys	(e.g.,	point	counts)	to	estimate	eagle	exposure	within	the	project	
footprint.		We	further	suggest	augmenting	these	with	surveys	to	determine	locations	of	
important	eagle	use	areas	or	migration	concentration	sites	for	the	project‐area	eagle	
population.		The	project‐area	eagle	population	is	the	population	of	breeding,	resident	non‐
breeding,	migrating,	and	wintering	eagles	within	the	project	area.		As	described	previously	
and	in	Appendix	H,	if	recent	data	on	the	spacing	of	eagle	nests	in	the	project	area	are	
available,	it	may	be	appropriate	to	use	the	mean	species‐specific	inter‐nest	distance	
(assuming	there	is	no	reason	to	suspect	eagle	territories	in	the	project	area	are	configured	
such	that	the	mean	inter‐nest	distance	would	be	misleading)	as	the	outer	boundary	of	the	
project	area.		Such	a	choice,	however,	also	increases	the	importance	of	having	adequate	
eagle	exposure	information	from	the	project	footprint	for	all	seasons.		For	example,	a	winter	
communal	night	roost	of	eagles	further	than	one	mean	inter‐nest	distance	from	the	project	
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boundary	could	produce	a	large	influx	of	eagles	into	the	footprint	in	winter.		Inadequate	
winter	eagle	exposure	sampling	(or	sampling	in	only	one	year,	if	the	night	roost	is	not	used	
annually)	in	combination	with	selection	of	a	project	area	based	on	nest	spacing	alone,	could	
result	in	a	failure	to	detect	this	increased	risk	to	eagles	in	winter.		Unpredicted	fatalities	that	
result	from	such	an	oversight	will	have	to	be	addressed	by	the	project	developers	or	
operators	eventually	through	increased	compensatory	mitigation,	operational	adjustments,	
or	both	to	continue	operating	under	the	authority	of	a	valid	eagle	permit.		Thus,	it	is	
important	that	the	combination	of	exposure	and	project‐area	surveys	adequately	capture	all	
risks	to	eagles.	
	
One‐half	the	mean	inter‐nest	distance	has	been	used	as	a	coarse	approximation	for	the	
territory	boundary	in	a	number	of	raptor	studies	(e.g.,	Thorstrom	2001,	Wichmann	et	al.	
2003,	Soutullo	et	al.	2006).		Eagle	pairs	at	nests	within	½	the	mean	project‐area	inter‐nest	
distance	of	the	project	footprint	are	potentially	susceptible	to	disturbance	take	and	blade‐
strike	mortality,	as	these	pairs	and	offspring	may	use	the	project	footprint.		We	recommend	
using	this	distance	to	delineate	territories	and	associated	breeding	eagles	at	risk	of	
mortality	or	disturbance.		Exposure	surveys	should	adequately	sample	the	parts	of	the	
project	footprint	potentially	used	by	these	eagle	pairs	so	they	are	captured	in	the	fatality	
estimates,	and	these	nests	should	be	included	in	post‐construction	occupancy	and	
productivity	monitoring	(see	Appendix	H).		This	information	is	useful	in	decisions	on	
whether	a	wind	project	might	meet	permit	requirements	at	50	CFR	22.26	considering	both	
predicted	take	through	fatalities	and	likely	take	from	disturbance;	for	evaluating	various	
siting	and	project‐configuration	alternatives;	and	in	monitoring	for	disturbance	effects	
during	the	post‐construction	period.		In	some	situations,	as	where	nests	are	concentrated	
on	linear	features	(such	as	cliffs	for	golden	eagles	or	along	rivers	for	bald	eagles),	½	the	
mean	inter‐nest	distance	may	not	encompass	all	important	parts	of	the	territory.		In	these	
situations	inferences	based	on	nest	spacing	should	be	used	cautiously.		The	overall	
effectiveness	of	this	approach	will	be	evaluated	through	post‐construction	monitoring	and	
the	adaptive	management	framework	described	later	in	this	ECPG.	
	
b. Additional Considerations for Assessing Project Effects: Migration Corridors and 
Stopover Sites 
Bald	eagles	and	golden	eagles	tend	to	migrate	along	north‐south	oriented	cliff	lines,	ridges,	
and	escarpments,	where	they	are	buoyed	by	uplift	from	deflected	winds	(Kerlinger	1989,	
Mojica	et	al.	2008).		Bald	eagles	typically	migrate	during	midday	by	soaring	on	thermal	
uplift	or	on	winds	aloft,	the	onset	of	dally	movements	migration	being	influenced	by	rising	
temperatures	and	favorable	winds	(Harmata	2002).	Both	species	will	forage	during	
migration	flights,	though	for	bald	eagles	foraging	often	is	limited	to	lakes,	rivers,	streams,	
and	other	wetland	systems	(Mojica	et	al.	2008).		Both	species	use	lift	from	heated	air	from	
open	landscapes	to	move	efficiently	during	migration	and	seasonal	movements,	gliding	
from	one	thermal	to	the	next	and	sometimes	moving	in	groups	with	other	raptor	species.	
	
Passage	rates	and	altitude	of	migrant	eagles	can	be	influenced	by	temperature,	barometric	
pressure,	winds	aloft,	storm	systems,	weather	patterns	at	the	site	of	origin,	and	wind	speed	
(Yates	et	al.	2001).		Both	species	avoid	large	water	bodies	during	migration	and	funnel	
along	the	shoreline,	often	becoming	concentrated	at	the	tips	of	peninsulas	or	in	other	
situations	where	movement	requires	water	crossings	(Newton	1979).		Eagles	annually	use	
stopover	sites	with	predictably	ample	food	supplies	(e.g.,	Restani	et	al.	2000,	Mojica	et	al.	
2008),	although	some	stopovers	may	be	brief	and	infrequent,	such	as	when	optimal	
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migration	conditions	suddenly	become	unfavorable	and	eagles	are	forced	to	land	and	seek	
roosts.		Presence	of	a	migration	corridor	or	stopover	site	in	the	project	area	is	best	
documented	and	delineated	by	using	a	standard	“hawk	watch”	migration	count	as	
recommended	in	this	ECPG	as	part	of	site‐specific	surveys	or,	in	some	cases,	by	simply	
expanding	point	count	surveys	to	account	for	migration	incidence	during	what	normally	
would	be	the	peak	migration	period	(Appendix	C).	
	
Much	eagle	mortality	could	occur	if	communal	night	roosts	or	communal	foraging	areas	of	
eagles	are	separated	by	strings	of	wind	turbines	from	other	areas	used	by	eagles.		Outside	
the	breeding	season,	both	bald	eagles	and	golden	eagles	can	roost	communally.		Such	roosts	
can	include	individuals	of	all	ages	and	residency	status	(Platt	1976,	Craig	and	Craig	1984,	
Mojica	et	al.	2008).		During	the	breeding	season,	non‐breeding	bald	eagles	also	may	roost	
communally.		Large	roosts	of	eagles	tend	to	be	associated	with	nearby	foraging	areas.		
Conversely,	eagles	also	may	congregate	to	forage	at	sites	of	unusually	high	prey	or	carcass	
availability;	such	concentrations	of	bald	eagles	may	number	in	the	hundreds	(Buehler	
2000).		Methods	for	documenting	concentrations	of	eagles,	and	movements	to	and	from	
such	areas	in	relation	to	the	project	footprint	are	provided	in	Appendix	C.	

	
2.  Eagle Risk Factors 
Factors	that	influence	vulnerability	of	eagles	to	collisions	with	wind	turbines	are	poorly	known.		
Theoretically,	two	major	elements	are	likely	involved:	(1)	eagle	abundance,	and	(2)	the	presence	of	
features	or	circumstances	that	decrease	an	eagle’s	ability	to	perceive	and	avoid	collision.		However,	
the	relative	importance	of	these	factors,	and	how	they	interrelate,	remains	poorly	understood	for	
eagles	and	birds	in	general	(Strickland	et	al.	2011).		Table	1	lists	some	of	the	factors	known	or	
postulated	to	be	associated	with	turbineblade‐strike	risk	in	raptors,	but	evidence	for	or	against	
these	is	equivocal,	and	may	well	vary	between	sites.		While	some	of	these	factors	are	not	known	to	
affect	eagles,	because	of	the	similarity	of	flight	behavior	between	eagles	and	some	other	soaring	
raptors,	we	include	them	here	because	they	may	apply	to	eagles.		Evidence	across	multiple	studies	
suggests	that	in	addition	to	eagle	abundance,	two	main	factors	contribute	to	increased	risk	of	
collision	by	eagles:	(1)	the	interaction	of	topographic	features,	season,	and	wind	currents	that	
create	conditions	for	high‐risk	flight	behavior	near	turbines;	and	(2)	behavior	that	distracts	eagles	
and	presumably	makes	them	less	vigilant	(e.g.,	active	foraging	or	inter‐	and	intra‐specific	
interactions).	
	
	
	
Table 1.  Factors potentially associated with wind turbine collision risk in raptors.		Not all factors apply to 
eagles, and the influence of these factors may vary in association with other covariates on a case-by-case basis. 
 

Risk	Factor	 Status	of	Knowledge	from	Literature Citations	

Bird	Density		

Mixed	findings;	likely	some	
relationship	but	other	factors	have	
overriding	influence	across	a	range	of	
species.	

Barrios	and	Rodriguez	(2004),	De	
Lucas	et	al.	(2008),	Hunt	(2002),	
Smallwood	et	al.	(2009),	Ferrer	et	al.	
(2011)	

Bird	Age	

Mixed	findings.		Higher	number	of	
fatalities	among	subadult	and	adult	
golden	eagles	in	one	area.		Higher	
fatalities	among	adult	white‐tailed	
eagles	in	another.	
	

Hunt	(2002),	Nygård	et	al	(2010)	
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Risk	Factor	 Status	of	Knowledge	from	Literature Citations	

Proximity	to	
Nests	

White‐tailed	eagle	nesting	areas	close	
to	turbines	have	been	observed	to	have	
low	nest	success	and	be	abandoned	
over	time.	

Nygård	et	al	(2010)	

Bird	Residency	
Status	

Mixed	findings.	Higher	risk	to	resident	
adults	in	Egyptian	vultures	(Neophron	
percnopterus).		High	number	of	
mortalities	among	subadults	and	
floating	adults	in	golden	eagles	in	one	
other	study.	

Barrios	and	Rodriguez	(2004),	Hunt	
(2002)	

Season	

Mixed	findings.		In	some	cases	for	some	
species,	risk	appears	higher	in	seasons	
with	greater	propensity	to	use	slope	
soaring	(fewer	thermals)	or	kiting	
flight	(windy	weather)	while	hunting.	

Barrios	and	Rodriguez	(2004),	De	
Lucas	et	al.	(2008),		Hoover	and	
Morrision	(2005),	Smallwood	et	al.	
(2009)	

Flight	Style	
Species	most	at	risk	perform	more	
frequent	flights	that	can	be	described	
as	kiting,	hovering,	and	diving	for	prey.	

Smallwood	et	al.	(2009)	

Interaction	with	
Other	Birds	

Higher	risk	when	interactive	behavior	
is	occurring.	

Smallwood	et	al.	(2009)	

Active	Hunting/	
Prey	Availability	

High	risk	when	hunting	close	to	
turbines,	across	a	range	of	species.	

Barrios	and	Rodriguez	(2004),	De	
Lucas	et	al.	(2008),	Hoover	and	
Morrision	(2005),	Hunt	(2002),	
Smallwood	et	al.	(2009)	

Turbine	Height	 Mixed,	contradictory	findings	across	a	
range	of	species.	

Barclay	et	al. (2007),	De	Lucas	et	al.	
(2008)	

Rotor	Speed	

Higher	risk	associated	with	higher	
blade‐tip	speed	for	golden	eagles	in	one	
study,	but	this	finding	may	not	be	
generally	applicable.	

Chamberlain	et	al.	(2006)	

Rotor‐swept	
Area	

Meta‐analysis	found	no	effect,	but	
variation	among	studies	clouds	
interpretation.		

Barclay	et	al.	(2007)	

Topography	

Several	studies	show	higher	risk	of	
collisions	with	turbines	on	ridge	lines	
and	on	slopes.		Also	a	higher	risk	in	
saddles	that	present	low‐energy	ridge	
crossing	points.	

Barrios	and	Rodriguez	(2004),	De	
Lucas	et	al.	(2008),		Hoover	and	
Morrission	(2005),	Smallwood	and	
Thelander	(2004)	

Wind	Speed	
Mixed	findings,	probably	locality	
dependent.	

Barrios	and	Rodriguez	(2004),	
Hoover	and	Morrision	(2005),	
Smallwood	et	al.	(2009)	

	
 
 
3.  Overview of Process to Assess Risk 
This	ECPG,	and	in	particular	the	eagle	fatality	prediction	model	described	in	Appendix	D,	relies	on	
the	assumption	that	there	is	predictable	relationship	between	pre‐construction	eagle	occurrence	
and	abundance	in	the	project	footprint	and	subsequent	fatalities.		Assessing	the	veracity	of	this	
operating	hypothesis	is	a	key	element	of	the	adaptive	management	component	of	the	ECPG.		The	
ECPG	outlines	a	decision‐making	process	that	gathers	information	at	each	stage	of	project	
development,	with	an	increasing	level	of	detail.		This	approach	provides	a	framework	for	making	
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decisions	sequentially	at	three	critical	phases	in	project	development:	(1)	siting,	(2)	construction,	
and	(3)	operations.		The	greatest	potential	to	avoid	and	minimize	impacts	to	eagles	occurs	if	eagle	
risk	factors	are	taken	into	account	at	the	earliest	phase	of	project	development.		If	siting	and	
construction	have	proceeded	without	consideration	of	risks	to	eagles,	significant	opportunities	to	
avoid	and	minimize	risk	may	have	been	lost.		This	can	potentially	result	in	greater	compensatory	
mitigation	requirements	or,	in	the	worst	case,	an	unacceptable	level	of	mortality	for	eagles.	
	
The	related,	but	more	general,	WEG	advocates	using	a	five‐tiered	approach	for	iterative	decision	
making	relative	to	assessing	and	addressing	wildlife	effects	from	wind	facilities.		Elements	of	all	of	
those	tiers	apply	here,	but	the	process	for	eagles	is	more	specifically	defined	and	falls	into	five	
broadly	overlapping,	iterative	stages	that	largely	do	not	parallel	the	WEG’s	five	tiers	(Figures	1	and	
2).	
	
Stage	1	for	eagles	(Appendix	B)	combines	Tiers	1	and	2	from	the	WEG,	and	consists	of	an	initial	site	
assessment.		In	this	stage	project	developers	or	operators	evaluate	broad	geographic	areas	to	
assess	the	relative	importance	of	various	areas	to	resident	breeding	and	non‐breeding	eagles,	and	
to	migrant	and	wintering	eagles.		The	Service	is	available	to	assist	project	developers	or	operators	
in	beginning	to	identify	important	eagle	use	areas	or	migration	concentration	sites	and	potential	
eagle	habitat	at	this	stage.		To	increase	the	probability	of	meeting	the	regulatory	requirements	for	a	
programmatic	take	permit,	biological	advice	from	the	Service	and	other	jurisdictional	wildlife	
agencies	should	be	requested	as	early	as	possible	in	the	developer's	planning	process	and	should	be	
as	inclusive	as	possible	to	ensure	all	issues	are	being	address	at	the	same	time	and	in	a	coordinated	
manner.		Ideally,	consultation	with	the	Service,	and	state	and	tribal	wildlife	agencies	is	done	prior	to	
any	substantial	financial	commitment	or	finalization	of	lease	agreements.		During	Stage	1	the	
project	developer	or	operator	should	gather	existing	information	from	publicly	available	literature,	
databases,	and	other	sources,	and	use	those	data	to	judge	the	appropriateness	of	various	potential	
project	sites,	balancing	suitability	for	development	with	potential	risk	to	eagles.	
	
Once	a	site	has	been	selected,	the	next	stage,	Stage	2,	is	site‐specific	surveys	and	assessments	
(this	is	the	first	component	of	Tier	3	in	the	WEG;	Appendix	C).		During	Stage	2	the	project	developer	
or	operator	should	collect	quantitative	data	through	scientifically	rigorous	surveys	designed	to	
assess	the	potential	risk	of	the	proposed	project	to	eagles.		In	the	case	of	small	wind	projects	(one	
or	a	few	small	turbines),	the	project	developer	or	operator	should	apply	the	predictive	model	
described	in	Stage	3	(below)	to	determine	if	stage	2	surveys	are	necessary.		In	many	cases,	the	
hazardous	area	associated	with	such	projects	will	be	small	enough	that	Stage	2	surveys	will	not	be	
necessary	to	demonstrate	that	the	project	will	likely	not	take	eagles.	
	
In	Stage	3,	the	predicting	eagle	fatalities	stage,	the	Service	and	project	developers	or	operators	
use	data	from	Stage	2	in	standardized	models	linked	to	the	Service’s	adaptive	management	process	
to	generate	predictions	of	eagle	risk	in	the	form	of	average	number	of	fatalities	per	year	
extrapolated	to	the	tenure	of	the	permit	(see	Appendix	D).		These	models	can	be	used	to	
comparatively	evaluate	alternative	siting,	construction,	and	operational	scenarios,	a	useful	feature	
in	constructing	hypotheses	regarding	predicted	effects	of	conservation	measures	and	ACPs.		We	
encourage	project	developers	or	operators	to	use	the	recommended	pre‐construction	survey	
protocol	in	this	ECPG	in	Stage	2	to	help	inform	our	predictive	models	in	Stage	3.		If	Service‐
recommended	survey	protocols	are	used,	this	risk	assessment	can	be	greatly	facilitated	using	model	
tools	available	from	the	Service.		If	project	developers	or	operators	use	other	forms	of	information	
for	the	Stage	2	assessment,	they	will	need	to	fully	describe	those	methods	and	the	analysis	used	for	
the	eagle	risk	assessment,	and	more	time	will	be	required	for	Service	biologists	to	evaluate	and	
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review	the	data.		For	example,	the	Service	will	compare	the	results	of	the	project	developer	or	
operator’s	eagle	risk	assessment	with	predictions	from	our	models,	and	if	the	results	differ,	we	will		

	
Figure 1.  Chart comparing Land-based Wind Energy Guideline tiers with Eagle Conservation Plan Guidance stages. 
	
	
work	with	the	project	developers	or	operators	to	determine	which	model	results	are	most	
appropriate	for	the	Service’s	eventual	permitting	decisions.		The	Service	and	project	developers	or	
operators	also	evaluate	Stage	2	data	to	determine	whether	disturbance	take	is	likely,	and	if	so,	at	
what	level.		Any	loss	of	production	that	may	stem	from	disturbance	should	be	added	to	the	fatality	
rate	prediction	for	the	project.		The	risk	assessments	at	Stage	2	and	Stage	3	are	consistent	with	
developing	the	information	necessary	to	assess	the	efficacy	of	conservation	measures,	and	to	
develop	the	monitoring	required	by	the	permit	regulations	at	50	CFR	22.26(c)(2).	
			
Stage	4	is	the	avoidance	and	minimization	of	risk	using	conservation	measures	and	ACPs	and	
compensatory	mitigation	(if	required).	
	

Conservation	measures	and	ACPs.		Regardless	of	which	approach	is	employed	in	the	Stage	
3	assessment,	in	Stage	4	the	information	gathered	should	be	used	by	the	project	developer	
or	operator	and	the	Service	to	determine	potential	conservation	measures	and	ACPs	(if	
available)	that	can	be	employed	to	avoid	and/or	minimize	the	predicted	risks	at	a	given	site	
(see	Appendix	E).		The	Service	will	compare	the	initial	predictions	of	eagle	mortality	and	
disturbance	for	the	project	with	predictions	that	take	into	account	proposed	and	potential	
conservation	measures	and	ACPs	to	determine	if	the	project	developer	or	operator	has	
avoided	and	minimized	risks	to	the	maximum	degree	achievable,	thereby	meeting	the	
requirements	for	programmatic	permits	in	50	CFR	22.26	that	remaining	take	is	
unavoidable.		Additionally,	the	Service	will	use	the	information	provided	along	with	other	
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data	to	conduct	a	cumulative	effects	analysis	to	determine	if	the	project’s	impacts,	in	
combination	with	other	permitted	take	and	other	known	factors	affecting	the	local‐area	and		
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Figure 2.  Figure 1 from WEG, adapted to show where and how eagles are considered in that process and which Stage and section of the ECPG 
are applicable at each Tier of the WEG.  Note that existing, operational wind energy projects enter the process between Tiers 3 and 4.



21 
 

eagle	management	unit	population(s),	are	at	a	level	that	exceed	established	thresholds	or	
benchmarks	(see	Appendix	F).		This	final	eagle	risk	assessment	is	completed	at	the	end	of	
Stage	4	after	application	of	conservation	measures	and	ACPs	along	with	a	plan	for	
compensatory	mitigation	if	required.	
	
Compensatory	Mitigation.		Compensatory	mitigation	occurs	in	the	eagle	permitting	
process	if	conservation	measures	and	ACPs	do	not	remove	the	potential	for	take,	and	the	
projected	take	exceeds	calculated	thresholds	for	the	species‐specific	eagle	management	unit	
in	which	the	project	is	located.		Compensatory	mitigation	may	also	be	necessary	in	other	
situations	as	described	in	the	preamble	to	50	CFR	22.26	(USFWS	2009a),	and	the	following	
guidance	applies	to	those	situations	as	well.	
	
Compensatory	mitigation	can	address	any	pre‐existing	mortality	source	affecting	the	
species‐specific	eagle	management	unit	impacted	by	the	project	(e.g.	environmental	lead	
abatement,	addressing	eagle	electrocutions	due	to	high	risk	power	poles,	etc.)	that	was	in	
effect	at	the	time	of	the	FEA	in	2009	(USFWS	2009b),	or	it	can	address	increasing	the	
carrying	capacity	of	the	eagle	population	in	the	affected	eagle	management	unit.		However,	
there	needs	to	be	a	credible	analysis	that	supports	the	conclusion	that	implementing	the	
compensatory	mitigation	action	will	achieve	the	desired	beneficial	offset	in	mortality	or	
carrying	capacity.		All	compensatory	mitigation	projects	will	be	subjected	to	random	
inspections	by	the	Service	or	appointed	subcontractors	to	examine	efficacy,	accuracy,	and	
reporting	rigor.	
	
For	new	wind	development	projects,	if	compensatory	mitigation	is	necessary,	the	
compensatory	mitigation	action	(or	a	verifiable,	legal	commitment	to	such	mitigation)	will	
be	required	up	front	before	project	operations	commence	because	projects	must	meet	the	
statutory	and	regulatory	eagle	preservation	standard	before	the	Service	may	issue	a	permit.		
For	operating	projects	that	may	meet	permitting	requirements,	compensatory	mitigation	
should	be	applied	from	the	start	of	the	permit	period,	not	retroactively	from	the	initiation	of	
project	operations.		The	initial	compensatory	mitigation	contribution	effort	should	be	
sufficient	to	offset	take	at	the	upper	80%	confidence	limit	(or	equivalent)	of	the	predicted	
number	of	eagle	fatalities	per	year	for	a	five‐year	period	starting	with	the	date	the	project	
becomes	operational	(or,	for	operating	projects,	the	date	the	permit	is	signed).		No	later	
than	at	the	end	of	the	five	year	period,	the	predicted	annual	take	estimate	will	be	compared	
to	the	realized	take	as	estimated	by	post‐construction	monitoring.		If	the	triggers	identified	
in	the	permit	for	adjustment	of	compensatory	mitigation	are	met,	those	adjustments	should	
be	implemented.	In	the	case	where	the		realized	take	is	less	than	predicted,	the	permittee	
will	receive	a	credit	for	the	excess	compensation	(the	difference	between	the	actual	mean	
and	the	number	compensated	for)	that	can	be	applied	to	other	take	(either	by	the	permittee	
or	other	permitted	individuals	at	his/her	discretion)	within	the	same	eagle	management	
unit.		Compensatory	mitigation	for	future	years	for	the	project	will	be	determined	at	this	
point,	taking	into	account	the	observed	levels	of	mortality	and	any	reduction	in	that	
mortality	that	is	expected	based	on	implementation	of	additional	experimental	
conservation	measures	and	ACPs	that	might	reduce	fatalities.	
	
To	illustrate	an	acceptable	process	for	calculating	compensatory	mitigation,	the	Service	has	
prepared	an	example	of	a	strategy	using	Resource	Equivalency	Analysis	(REA)	to	quantify	
the	number	of	power	pole	retrofits	needed	to	offset	the	take	of	golden	eagles	at	a	wind	
project	(see	Appendix	G).		The	Service	used	the	example	of	eliminating	electrocutions	
because:	(1)	high‐risk	power	poles	cause	quantifiable	adverse	impacts	to	eagles;	(2)	the	‘per	
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eagle’	effects	of	high‐risk	power	pole	retrofitting	are	quantifiable	and	verifiable	through	
accepted	practices;	(3)	success	of	and	subsequent	maintenance	of	retrofitting	can	be	
monitored;	and	(4)	electrocution	from	high‐risk	power	poles	is	known	to	cause	eagle	
mortality	and	this	can	be	corrected.		The	potential	for	take	of	eagles	is	estimated	using	
informed	modeling,	as	described	in	Stage	3	of	the	ECPG	(Appendix	D).		This	fatality	
prediction	is	one	of	several	fundamental	variables	that	are	used	to	populate	the	REA	(see	
REA	Inputs,	Appendix	G).		The	REA	generates	a	project‐area	eagle	impact	calculation	
(debit),	expressed	in	bird‐years,	and	an	estimate	of	the	quantity	of	compensatory	mitigation	
(credit)	(e.g.,	power	pole	retrofits)	necessary	to	offset	this	impact.		Compensatory	
mitigation	would	then	be	implemented	either	directly	by	the	project	developer	or	operator	
or	through	a	formal,	binding	agreement	with	a	third	party	to	implement	the	required	
actions.	
	
Effectiveness	monitoring	of	the	resulting	compensatory	mitigation	projects	should	be	
included	within	the	above	options	using	the	best	scientific	and	practicable	method	
available.		The	Service	will	modify	the	compensatory	mitigation	process	to	adapt	to	any	
improvements	in	our	knowledge	base	as	new	data	become	available.	

	
At	the	end	of	Stage	4,	all	the	materials	necessary	to	satisfy	the	regulatory	requirements	to	support	a	
permit	application	should	be	available.		While	the	application	can	be	submitted	at	any	time,	it	is	
only	after	completion	of	Stage	4	that	the	Service	can	begin	the	formal	process	to	determine	whether	
a	programmatic	eagle	take	permit	can	be	issued	or	not.		Ideally,	NEPA	and	NHPA	analyses	and	
assessments	will	already	be	underway,	but	if	not,	Stage	4	should	include	necessary	NEPA	analysis,	
NHPA	compliance,	coordination	with	other	jurisdictional	agencies,	and	tribal	consultation.	
	
If	a	permit	is	issued	and	the	project	goes	forward,	Stage	5	of	the	process	is	calibration	and	updating	
of	the	fatality	prediction	and	continued	risk	assessment,	equivalent	to	Tier	4	and,	in	part,	Tier	5	in	
the	WEG.		During	this	stage,	post‐construction	surveys	are	conducted	to	generate	empirical	data	for	
comparison	with	the	pre‐construction	risk‐assessment	fatality	and	disturbance	predictions.		The	
monitoring	protocol	should	include	both	validated	techniques	for	assessing	mortality,	and	for	
estimating	effects	of	disturbance	to	eagles,	and	they	must	meet	the	permit‐condition	requirements	
at	50	CFR	22.26(c)(2).		We	anticipate	that	in	most	cases,	intensive	monitoring	to	estimate	the	true	
annual	fatality	rate	and	to	assess	possible	disturbance	effects	will	be	conducted	for	at	least	the	first	
two	years	after	permit	issuance,	followed	by	less	intense	monitoring	for	up	to	three	years	after	the	
expiration	date	of	the	permit,	in	accordance	with	monitoring	requirements	at	50	CFR	22.26(c)(2).		
We	recommend	project	developers	or	operators	use	the	post‐construction	survey	protocols	
included	or	referenced	in	this	ECPG,	but	we	will	consider	other	monitoring	protocols	provided	by	
permit	applicants.		We	will	use	the	information	from	post‐construction	monitoring	in	a	meta‐
analysis	framework	to	weight	and	improve	pre‐construction	predictive	models.		Additionally	in	
Stage	5	the	Service	and	project	developers	or	operators	should	use	the	post‐construction	
monitoring	data	to	(1)	assess	whether	compensatory	mitigation	is	adequate,	excessive,	or	deficient	
to	offset	observed	mortality,	and	make	adjustments	accordingly;	and	(2)	explore	operational	
changes	that	might	be	warranted	at	a	project	after	permitting	to	reduce	observed	mortality	and	
ensure	that	permit	condition	requirements	at	50	CFR	22.26(c)(7)	are	met.	
	
Table	2	provides	a	summary	of	the	roles	of	the	project	developer	or	operator	and	the	Service,	
responsibilities,	and	decision	points	at	each	stage.	
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Table 2.  Roles, responsibilities of the project developers and operators and the Service, and decision 
points at each stage of the ECP process. 
	

Stage	 Project	developer/operator	role Service	role	

1	

 Conduct	a	desktop	landscape‐level	
assessment	for	known	or	likely	
occurrence	of	eagles,	including	
reconnaissance	visits	to	prospective	
sites.	

 Consult	with	the	Service	on	potential	for	
any	obvious	negative	impacts	on	eagles	
in	at	least	general	locale	of	prospective	
sites.	

 Decision	point:	select	site(s)	for	Stage	2	
study,	if	appropriate.	

 Recommend	and	help	provide	existing	data	and	
input	if	requested.	

 Provide	preliminary	consultation	on	
appropriateness	of	application	for	eagle	take	
permits	for	sites	considered	and	the	likelihood	
permits	could	be	issued.	

 Review	available	Stage	1	data	and	advise	what	
Stage	2	data	are	recommended.	

 Decision	point:	none.	

2	

 Conduct	detailed,	site‐specific	field	
studies	in	the	project	area	to	inform	
eagle	fatality	prediction	model,	
document	important	eagle	use	areas	or	
migration	concentration	sites,	and	
identify	possible	eagle	disturbance	
issues.	

 Coordinate	in	advance	with	the	Service	
and	other	jurisdictional	agencies	to	
ensure	studies	will	satisfy	regulatory	
requirements	for	permitting.	

 Decision	point:	choose	whether	to	move	
to	Stage	3.	

 Consult	on	field	study	design	and	approach	in	
coordination	with	other	jurisdictional	agencies.	

 Decision	point:	None.	

3	

 Optionally	generate	an	estimated	annual	
eagle	fatality	prediction	for	the	site(s)	
and	an	assessment	of	eagle	disturbance	
risk	using	data	from	Stage	2	and	
model(s)	of	choice.	

 Report	on	all	other	germane	aspects	of	
eagle	use	such	as	communal	roosts	and	
nest	or	territory	locations.	

 Decision	point:	choose	whether	to	move	
to	Stage	4.	

 Generate	an	initial	eagle	fatality	estimate	for	
site(s),	using	the	Service	model	and	survey	data	
from	Stage	2.	

 Assess	likelihood	of	disturbance	to	eagles;	
quantify	extent	and	impact	of	disturbance,	if	any	
likely.	

 Make	preliminary	recommendation	on	risk	
category.	

 Consult	with	developer/operator	to	interpret	and	
resolve	discrepancies	in	conclusions	and	risk	
category	recommendation.	

 Decision	point:	None.	

4	

 Identify	conservation	measures	and	ACP	
s	that	can	be	used	to	avoid	and	minimize	
take	identified	in	Stage	3.	

 Optionally	generate	revised	fatality	and	
disturbance	estimates,	taking	into	
account	conservation	measures	and	
ACPs.	

 Identify	and	develop	necessary	
agreements	for	compensatory	
mitigation	to	offset	take,	if	required.	

 Re‐run	Service	fatality	model	to	predict	fatalities	
with	conservation	measures	and	ACPs.	

 Re‐assess	potential	for	disturbance	take	with	
conservation	measures	and	ACPs.	

 Coordinate	with	developer/operator	to	reach	
agreement	on	predicted	take	and	risk	category.	

 Coordinate	with	developer/operator	on	
compensatory	mitigation,	if	requested.	

 Provide	revised	preliminary	assessment	of	
likelihood	site(s)	will	be	permittable	if	requested.	
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Stage	 Project	developer/operator	role Service	role	
 Decision	point:	choose	whether	to	

submit	eagle	take	permit	application.	
 Decision	point:	None.	

Permit	
Decision	

 Draft	ECP	or	equivalent,	including	a	plan	
for	post‐construction	monitoring	of	
eagle	fatality	and	disturbance.	

 Submit	a	permit	application	that	meets	
requirements	at	50	CFR	22.26	or	22.27,	
including	ECP	or	equivalent	information	
as	part	of	application	package.	

 Choose	whether	to	assist	Service	in	
conducting	NEPA.	

 Decision	point:	None.	

 Coordinate	and	consult	on	writing	of	ECP	or	
equivalent,	including	proposed	plan	for	post‐
construction.	

 Convey	adequacy	of	ECP	or	equivalent	to	
developer/operator.	

 Evaluate	permit	application	for	regulatory	
sufficiency.	

 Draft	permit	conditions	drawing	on	relevant	
components	of	ECP	or	equivalent.	

 Conduct	cumulative	effects	analysis.	
 Conduct	NEPA	review.	
 Conduct	NHPA	evaluation.	
 Coordinate	with	other	jurisdictional	agencies.	
 Consult	with	Tribes.	
 Establish	limits	on	future	operational	adjustments	

proportionate	to	risk,	in	coordination	with	
applicant.	

 Decision	point:	whether	permit	can	be	issued.	

5	

 Implement	post‐construction	
monitoring	in	accordance	with	permit	
conditions,	including	immediate	
reporting	of	any	eagle	take.	

 Participate	in	scheduled	reviews	of	
post‐construction	monitoring	results.	

 Effect	additional	compensatory	
mitigation	if	necessary.	

 Implement	and	monitor	additional	
conservation	measures	and	ACPS,	if	
warranted,	within	scope	of	permit	
sideboards.	

 Decision	point:	choose	whether	to	apply	
for	permit	renewal	near	the	end	of	
permit	term.	

 Monitor	compliance	with	permit	conditions.	
 Review	post‐construction	monitoring	data,	

including	comparison	of	predicted	and	observed	
annual	fatality	rate	and	disturbance.	

 At	no	more	than	5‐year	intervals,	determine	
whether	revision	of	the	estimated	fatality	rate,	
adjustments	to	monitoring,	implementation	of	
additional	experimental	conservation	measures	
and	ACPs,	and	compensatory	mitigation	are	
warranted.	

 Effect	any	necessary	adjustments	by	crediting	
back	excess	compensatory	mitigation,	or	by	
assessing	additional	compensatory	mitigation	for	
fatalities	in	excess	of	predictions.	

 Combine	monitoring	data	with	that	from	other	
projects	for	meta‐analysis	within	adaptive	
management	framework.	

 Decision	point:	determine	what	adjustments	need	
to	be	made	to	compensatory	mitigation	level,	and	
whether	additional	conservation	measures	and	
ACPs	are	warranted	or	not.	
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4.  Site Categorization Based on Mortality Risk to Eagles 
We	recommend	the	approach	outlined	below	be	used	to	categorize	the	likelihood	that	a	site	or	
operational	alternative	will	meet	standards	in	50	CFR	22.26	for	issuance	of	a	programmatic	eagle	
take	permit.	
	

a. Category 1 – High risk to eagles, potential to avoid or mitigate impacts is low 
A	project	is	in	this	category	if	it:	

(1)	has	an	important	eagle‐use	area	or	migration	concentration	site	within	the	project	
footprint;	or	

(2)	has	a	species‐specific	uncertainty‐adjusted	annual	fatality	estimate	(average	number	
of	eagles	predicted	to	be	taken	annually)		>	5%	of	the	estimated	species‐specific	
local‐area	population	size;	or	

(3)	causes	the	cumulative	annual	take	for	the	local‐area	population	to	exceed	5%	of	the	
estimated	species‐specific	local‐area	population	size.	

	
In	addition,	projects	that	have	eagle	nests	within	½	the	mean	project‐area	inter‐nest	
distance	of	the	project	footprint	should	be	carefully	evaluated	(see	Appendix	H).		If	it	is	
likely	eagles	occupying	these	territories	use	or	pass	through	the	project	footprint,	category	
1	designation	may	be	appropriate.	
	
Projects	or	alternatives	in	category	1	should	be	substantially	redesigned	if	they	are	to	at	
least	meet	the	category	2	criteria.		Construction	of	projects	at	sites	in	category	1	is	not	
recommended	because	the	project	would	likely	not	meet	the	regulatory	requirements	for	
permit	issuance	and	may	place	the	project	developer	or	operator	at	risk	of	violating	the	
BGEPA.		The	recommended	approach	for	assessing	the	percentage	of	the	local‐area	
population	predicted	to	be	taken	is	described	in	Appendix	F.	
	
b. Category 2 – High or moderate risk to eagles, opportunity to mitigate impacts 
A	project	is	in	this	category	if	it:	

(1)	has	an	important	eagle‐use	area	or	migration	concentration	site	within	the	project	
area	but	not	in	the	project	footprint;	or	

(2)	has	a	species‐specific	uncertainty‐adjusted	fatality	estimate	between	0.03	eagles	per	
year	and	5%	of	the	estimated	species‐specific	local‐area	population	size;	or	

(3)	causes	cumulative	annual	take	of	the	species‐specific	local‐area	population	of		less	
than	5%	of	the	estimated	local‐area	population	size.	

	
Projects	in	this	category	will	potentially	take	eagles	at	a	rate	greater	than	is	consistent	with	
maintaining	stable	or	increasing	populations,	but	the	risk	might	be	reduced	to	an	acceptable	
level	through	a	combination	of	conservation	measures	and	reasonable	compensatory	
mitigation.		These	projects	have	a	risk	of	ongoing	take	of	eagles,	but	this	risk	can	be	
minimized.		For	projects	in	this	category	the	project	developer	or	operator	should	prepare	
an	ECP	or	similar	plan	to	document	meeting	the	regulatory	requirements	for	a	
programmatic	permit.		For	eagle	management	populations	where	take	thresholds	are	set	at	
zero,	the	conservation	measures	in	the	ECP	should	include	compensatory	mitigation	and	
must	result	in	no‐net‐loss	to	the	breeding	population	to	be	compatible	with	the	permit	
regulations.		This	does	not	apply	to	golden	eagles	east	of	the	100th	meridian,	for	which	no	
non‐emergency	take	can	presently	be	authorized	(USFWS	2009b).	
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c. Category 3 – Minimal risk to eagles 
A	project	is	in	this	category	if	it:	

(1)	has	no	important	eagle	use	areas	or	migration	concentration	sites	within	the	project	
area;	and	

(2)	has	a	species‐specific	uncertainty‐adjusted	annual	fatality	rate	estimate	of	less	than	
0.03	for	both	species	of	eagle;	and	

(3)	causes	cumulative	annual	take	of	the	local‐area	population	of	less	than	5%	of	the	
estimated	species‐specific	local‐area	population	size.	

	
Projects	in	category	3	pose	little	risk	to	eagles	and	may	not	require	or	warrant	eagle	take	
permits,	but	that	decision	should	be	made	in	coordination	with	the	Service.		Still,	a	project	
developer	or	operator	may	wish	to	create	an	ECP	that	documents	the	project’s	low	risk	to	
eagles,	and	outlines	mortality	monitoring	for	eagles	and	a	plan	of	action	if	eagles	are	taken	
during	project	construction	or	operation.		If	take	should	occur,	the	developer	or	operator	
should	contact	the	Service	to	discuss	ways	to	avoid	take	in	the	future.		Such	an	ECP	would	
enable	the	Service	to	provide	a	permit	to	allow	a	de	minimis	amount	of	take	if	the	project	
developer	or	operator	wished	to	obtain	such	a	permit.	

	
The	risk	category	of	a	project	has	the	potential	to	change	from	one	of	higher	risk	to	one	of	lower	
risk	or	one	of	lower	risk	to	one	of	higher	risk	through	additional	site‐specific	analyses	and	
application	of	measures	to	reduce	the	risk.		For	example,	a	project	may	appear	to	be	in	category	2	as	
a	result	of	Stage	1	analyses,	but	after	collection	of	site‐specific	information	in	Stage	2	it	might	
become	clear	it	is	a	category	1	project.		If	a	project	cannot	practically	be	placed	in	one	of	these	
categories,	the	project	developer	or	operator	and	the	Service	should	work	together	to	determine	if	
the	project	can	meet	programmatic	eagle	take	permitting	requirements	in	50	CFR	22.26	and	22.27.		
Projects	should	be	placed	in	the	highest	category	(with	category	1	being	the	highest)	in	which	one	
or	more	of	the	criteria	are	met.	
	
5.  Cumulative Effects Considerations 
 

a. Early Planning 
Regulations	at	50	CFR	22.26	require	the	Service	to	consider	the	cumulative	effects	of	
programmatic	eagle	take	permits.		Cumulative	effects	are	defined	as:	“the	incremental	
environmental	impact	or	effect	of	the	proposed	action,	together	with	impacts	of	past,	
present,	and	reasonably	foreseeable	future	actions”	(50	CFR	22.3).		Thorough	cumulative	
effects	analysis	will	depend	on	effective	analysis	during	the	NEPA	process	associated	with	
an	eagle	permit.		Scoping	and	other	types	of	preliminary	analyses	can	help	identify	
important	cumulative‐effects	factors	and	identify	applicable	past,	present,	and	future	
actions.	Comprehensive	evaluation	during	early	planning	may	identify	measures	that	would	
avoid	and	minimize	the	effects	to	the	degree	that	take	of	eagles	is	not	likely	to	occur.		In	that	
case,	there	may	be	no	permit,	and	thus	no	need	for	NEPA	associated	with	an	eagle	take	
permit.		When	a	wind	project	developer	or	operator	seeks	an	eagle	take	permit,	a	
comprehensive	cumulative	effects	analysis	at	the	early	planning	stage	will	serve	to	
streamline	subsequent	steps,	including	the	NEPA	process.	
	
The	Service	recommends	that	cumulative	effects	analyses	be	consistent	with	the	principles	
of	cumulative	effects	outlined	in	the	Council	on	Environmental	Quality	(CEQ)	handbook,	
"Considering	Cumulative	Effects	under	the	National	Environmental	Policy	Act	(1997)	(CEQ	
handbook).	The	Service	recommends	consideration	of	the	following	examples	from	the	CEQ	
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handbook	that	may	apply	to	cumulative	effects	to	eagles	and	the	ecosystems	they	depend	
upon:	
	

(1)	Time	crowding	‐	frequent	and	repetitive	effects	on	an	environmental	system;	
(2)	Time	lags	‐	delayed	effects;	
(3)	Space	crowding	‐	High	spatial	density	of	effects	on	an	environmental	system;	
(4)	Cross‐	boundary	‐	Effects	occur	away	from	the	source;	
(5)	Fragmentation	‐	change	in	landscape	pattern;	
(6)	Compounding	effects	‐	Effects	arising	from	multiple	sources	or	pathways;	
(7)	Indirect	effects	‐	secondary	effects;	and	
(8)	Triggers	and	thresholds	‐	fundamental	changes	in	system	behavior	or	structure.	

	
b. Analysis Associated with Permits 
The	cumulative	effects	analysis	for	a	wind	project	and	a	permit	authorization	should	include	
whether	the	anticipated	take	of	eagles	is	compatible	with	eagle	preservation	as	required	at	
50	CFR	22.26,	including	indirect	impacts	associated	with	the	take	that	may	affect	eagle	
populations.		It	should	also	include	consideration	of	the	cumulative	effects	of	other	
permitted	take	and	additional	factors	affecting	eagle	populations.	
	
Whether	or	not	a	permit	authorization	is	compatible	with	eagle	preservation	was	analyzed	
in	the	FEA	that	established	the	thresholds	for	take	(USFWS	2009b).		The	scale	of	that	
analysis	was	based	upon	eagle	management	units	as	defined	in	USFWS	(2009b).		However,	
the	scale	for	cumulative	effects	analysis	of	wind	projects	and	associated	permits	should	
include	consideration	of	the	effects	at	the	local‐population	scale	as	well.	
	
The	cumulative	effects	analyses	for	programmatic	permits	should	cover	the	time	period	
over	which	the	take	will	occur,	not	just	the	period	the	permit	will	cover,	including	the	effect	
of	the	proposed	action,	other	actions	affecting	eagles,	predicted	climate	change	impacts,	and	
predicted	changes	in	number	and	distribution	of	affected	eagle	populations.		Effects	
analyses	should	note	whether	the	project	is	located	in	areas	where	eagle	populations	are	
increasing	or	predicted	to	increase	based	on	available	data,	over	the	lifetime	of	the	project,	
even	if	take	is	not	anticipated	in	the	immediate	future.		In	addition,	conditions	where	
populations	are	saturated	should	be	considered	in	cumulative	effects	analyses.		Numerous	
relatively	minor	disruptions	to	eagle	behavior	from	multiple	activities,	even	if	spatially	or	
temporally	distributed,	may	lead	to	disturbance	that	would	not	have	resulted	from	fewer	or	
more	carefully	sited	activities	(e.g.,	Whitfield	et	al.	2007).		Additional	detailed	guidance	for	
cumulative	impacts	analyses	can	be	found	on	the	Council	on	Environmental	Quality	website	
at	http://ceq.hss.doe.gov/nepa/	ccenepa/	ccenepa.htm.	
	
Specific	recommendations	for	conducting	cumulative	effects	analysis	of	the	authorized	take	
under	eagle	programmatic	take	permits	is	provided	in	Appendix	F.	
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ADAPTIVE MANAGEMENT 
	
Management	of	wind	facilities	to	minimize	eagle	take,	through	decisions	about	siting,	design,	
operation,	and	compensatory	mitigation,	is	a	set	of	recurrent	decisions	made	in	the	face	of	
uncertainty.		The	Department	of	the	Interior	has	a	long	history	of	approaching	such	decisions	
through	a	process	of	adaptive	management	(Williams	et	al.	2007).		The	purpose	of	adaptive	
management	is	to	improve	long‐term	management	outcomes,	by	recognizing	where	key	
uncertainties	impede	decision	making,	seeking	to	reduce	those	uncertainties	over	time,	and	
applying	that	learning	to	subsequent	decisions	(Walters	1986).	
	
In	the	case	of	managing	eagle	populations	in	the	face	of	energy	development	there	is	considerable	
uncertainty	to	be	reduced.		For	example,	evidence	shows	that	in	some	areas	or	specific	situations,	
large	soaring	birds,	specifically	raptors,	are	vulnerable	to	colliding	with	wind	turbines	(Barrios	and	
Rodriguez	2004,	Kuvlesky	et	al.	2007).		However,	we	are	uncertain	about	the	relative	importance	of	
factors	that	influence	that	risk.		We	are	also	uncertain	about	the	best	way	to	mitigate	the	effects	of	
wind	turbine	developments	on	raptors;	we	suspect	some	strategies	might	be	effective,	others	are	
worth	trying.		We	also	suspect	that	a	few	species,	including	golden	eagles	(USFWS	2009b),	may	be	
susceptible	enough	to	collisions	with	wind	turbines	that	populations	may	be	negatively	affected.		
Thus,	there	are	uncertainties	at	several	levels	that	challenge	our	attempts	to	manage	eagle	
populations:	(1)	at	the	level	of	understanding	factors	that	affect	collision	risk,	(2)	at	the	level	that	
influences	population	trends,	and	(3)	about	the	efficacy	of	various	mitigation	options.		The	Service,	
our	conservation	partners,	and	industry	will	never	have	the	luxury	of	perfect	information	before	
needing	to	act	to	manage	eagles.		Our	goal	is	to	reduce	that	uncertainty	through	use	of	formal	
adaptive	management,	thereby	improving	our	predictive	capability	over	time.		Applying	a	
systematic,	cohesive,	nationally‐consistent	strategy	of	management	and	monitoring	is	necessary	to	
accomplish	this	goal.	
	
In	the	context	of	wind	energy	development	and	eagle	management	under	the	ECPG,	there	are	four	
specific	sets	of	decisions	that	will	be	approached	through	adaptive	management:	(1)	adaptive	
management	of	wind	project	operations;	(2)	adaptive	management	of	wind	project	siting	and	
design	recommendations;	(3)	adaptive	management	of	compensatory	mitigation;	and	(4)	adaptive	
management	of	population‐level	take	thresholds.		These	are	discussed	in	more	detail	in	Appendix	A.		
The	adaptive	management	process	will	depend	heavily	on	pre‐	and	post‐construction	data	from	
individual	projects,	but	analyses,	assessment,	and	model	evaluation	will	rely	on	data	pooled	over	
many	individual	wind	projects.		Therefore,	individual	project	developers	or	operators	will	have	
limited	direct	responsibilities	for	conducting	adaptive	management	analyses,	other	than	to	provide	
data	through	post‐construction	monitoring.	
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EAGLE CONSERVATION PLAN DEVELOPMENT PROCESS 
	
The	following	sections	of	the	ECPG,	including	attached	appendices,	provide	a	descriptive	
instructional	template	for	developing	an	ECP.		Throughout	this	section,	we	use	the	term	ECP	to	
include	any	other	document	or	collection	of	documents	that	could	be	considered	equivalent	to	an	
ECP.		The	ECP	is	an	integral	part	of	the	permit	process,	and	the	following	chronological	step‐by‐step	
outline	shows	how	the	pieces	fit	together:	
	
The	ECPG	provides	guidance	and	serves	as	a	reference	for	project	developers	or	operators,	the	
Service,	and	other	jurisdictional	agency	biologists	when	developing	and	evaluating	ECPs.		Using	the	
ECPG	as	a	non‐binding	reference,	the	Service	will	work	with	project	developers	or	operators	to	
develop	an	ECP.		The	ECP	documents	how	the	project	developer	or	operator	intends	to	comply	with	
the	regulatory	requirements	for	programmatic	permits	and	the	associated	NEPA	process	by	
avoiding	and	minimizing	the	risk	of	taking	eagles	up‐front,	and	formally	evaluating	possible	
alternatives	in	(ideally)	siting,	configuration,	and	operation	of	wind	projects.		The	Service’s	ability	
to	influence	siting	and	configuration	factors	depends	on	the	stage	of	development	of	the	project	at	
the	time	the	project	developer	or	operator	comes	to	us.	
	
The	Service	recommends	that	project	developers	or	operators	develop	an	ECP	following	the	five‐
staged	approach	described	earlier.		During	Stages	1	through	4,	projects	or	alternatives	should	be	
placed	in	one	of	the	three	risk	categories,	with	increasing	certainty	by	Stage	4.		The	ECP	should	
provide	detailed	information	on	siting,	configuration,	and	operational	alternatives	that	avoid	and	
minimize	eagle	take	to	the	point	any	remaining	take	is	unavoidable	and,	if	required,	mitigates	that	
remaining	take	to	meet	the	statutory	preservation	standard.	The	Service	will	use	the	ECP	and	other	
application	materials	to	either	develop	an	eagle	take	permit	for	the	project,	or	to	determine	that	the	
project	cannot	be	permitted	because	risk	to	eagles	is	too	high	to	meet	the	regulatory	permit	
requirements.	
	
For	permitted	projects,	the	Service	will	use	the	80%	upper	confidence	limit	or	similar	risk‐averse	
estimate	(e.g.,	the	upper	limit	of	the	80%	credible	interval	is	used	in	the	Service’s	predictive	model	
described	in	Appendix	D)	of	the	mean	annual	predicted	unavoidable	eagle	take	to	determine	likely	
population‐level	effects	of	the	permit	and	compensatory	mitigation	levels,	if	required.		For	
predicted	recurring	eagle	take	that	is	in	excess	of	calculated	eagle	management	unit	take	
thresholds,	the	Service	will	either	(a)	approve	a	compensatory	mitigation	proposal	from	the	project	
developer	or	operator;	or	(b)	accept,	if	sufficient,	a	commitment	of	funds	to	an	appropriate	
independent	third	party	that	is	formally	obligated	(via	contract	or	other	agreement	with	the	project	
developer	or	operator)	to	perform	the	approved	mitigation	work.		Under	either	(a)	or	(b),	the	
compensatory	mitigation	cost	and	actions	will	be	calibrated	so	as	to	offset	the	predicted	
unavoidable	take,	such	that	we	bring	the	individual	permit’s	(and	cumulatively	over	all	such	
permits’)	predicted	mortality	effect	to	a	no‐net‐loss	standard.		Compensatory	mitigation	will	
initially	be	based	on	the	upper	80%	confidence	limit	of	the	predicted	mean	annual	fatality	rate	(or	
similar	risk‐averse	estimate)	over	a	five	year	period,	and	it	will	be	adjusted	for	future	years	based	
on	the	observed	fatality	rate	over	the	initial	period	of	intensive	post‐construction	monitoring	(no	
less	than	2	years).		Compensatory	mitigation,	as	well	as	other	forms	of	mitigation	aimed	at	reducing	
other	detrimental	effects	of	permits	on	eagles,	may	also	be	necessary	in	other	situations	where	
predicted	effects	to	eagle	populations	are	substantial	and	not	consistent	with	stable	or	increasing	
breeding	populations	of	eagles.	
	
Post‐construction	monitoring	may	be	required	as	a	condition	of	an	eagle	programmatic	take	permit	
and	will	be	required	for	wind‐energy	projects	that	may	potentially	take	eagles.		This	monitoring	
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should	be	systematic	and	standardized	to	be	suitable	for	use	in	a	formal	adaptive	management	
framework	to	evaluate	and	improve	the	predictive	accuracy	of	our	models.		In	addition,	the	
information	will	be	used	by	the	Service	and	the	project	developer	or	operator	to	determine	if,	after	
no	more	than	five	years	of	post‐construction	monitoring,	the	80%	upper	confidence	limit	on	the	
predicted	mean	number	of	annual	fatalities	adequately	captured	the	observed	estimated	mean	
number	of	fatalities	annually.		If	the	observed	and	predicted	estimates	of	annual	fatalities	are	
different,	either	additional	compensatory	mitigation	will	be	required	retroactively	to	offset	higher‐
than‐predicted	levels	of	take	(assuming	the	actual	number	of	eagles	taken	was	greater	than	the	
number	actually	compensated	for),	or	the	permittee	will	receive	a	credit	for	the	excess	
compensation	(the	difference	between	the	actual	mean	and	the	number	compensated	for)	that	can	
be	applied	to	other	take	(either	by	the	permittee	or	other	permitted	individuals	at	his/her	
discretion)	within	the	same	eagle	management	unit	at	any	time	in	the	future.	
	
At	no	more	than	five‐years	from	the	date	a	permit	is	issued,	the	permittee	will	compile	and	the	
Service	and	the	permittee	will	review	fatality	information	for	the	project	to	determine	if	
experimental	ACPs	should	be	implemented	to	potentially	reduce	eagle	mortalities	based	on	the	
observed,	specific	situation	at	each	site.		As	discussed	previously,	at	the	time	of	permit	issuance	the	
Service	and	the	project	developer	or	operator	will	agree	to	an	upper	limit	on	the	cost	of	such	future	
experimental	ACPs,	which	will	only	be	implemented	if	warranted	by	eagle	disturbance	or	mortality	
data.		If	these	experimental	ACPs	are	likely	to	reduce	mortalities	at	the	project	in	the	future,	the	
amount	of	future	compensatory	mitigation	will	be	decreased	accordingly	(e.g.	if	ACPs	are	predicted	
to	reduce	the	fatality	rate	from	three	to	two	eagles	annually,	compensatory	mitigation	would	only	
be	required	to	offset	the	future	predicted	take	of	two	eagles	per	year).		In	such	cases,	additional	
post‐implementation	monitoring	should	be	conducted	to	determine	the	effectiveness	of	the	
experimental	ACPs.		In	cases	where	observed	fatalities	exceed	predicted	to	the	degree	category	1	
fatality‐rate	criteria	are	confirmed	to	have	been	met	or	exceeded	by	a	permitted	project,	and	for	
whatever	reason	experimental	ACPs	or	additional	conservation	measures	cannot	be	implemented	
to	reduce	fatalities	to	category	2	levels	or	below,	the	Service	may	have	to	rescind	the	permit	for	that	
project	to	remain	in	compliance	with	regulatory	criteria.	
	
Programmatic	eagle	take	permits	will	be	conditioned	to	require	access	to	the	areas	where	take	is	
possible	and	where	compensatory	mitigation	is	being	implemented	by	Service	personnel,	or	other	
qualified	persons	designated	by	the	Service,	within	reasonable	hours	and	with	reasonable	notice	
from	the	Service,	for	purposes	of	monitoring	the	site(s).		The	regulations	provide,	and	a	condition	of	
any	permit	issued	will	require,	that	the	Service	may	conduct	such	monitoring	while	the	permit	is	
valid,	and	for	up	to	three	years	after	it	expires	(50	CFR	22.26(c)(4)).		In	general,	verifying	
compliance	with	permit	conditions	is	a	secondary	purpose	of	site	visits;	the	primary	purpose	is	to	
monitor	the	effects	and	effectiveness	of	the	permitted	action	and	mitigation	measures.		This	may	be	
done	if	a	project	developer	or	operator	is	unable	to	observe	or	report	to	the	Service	the	information	
required	by	the	annual	report—or	it	may	serve	as	a	“quality	control”	measure	the	Service	can	use	to	
verify	the	accuracy	of	reported	information	and/or	adjust	monitoring	and	reporting	requirements	
to	provide	better	information	for	purposes	of	adaptive	management.	
	
1.  Contents of the Eagle Conservation Plan 
This	section	provides	a	recommended	outline	for	an	ECP,	with	a	short	description	of	what	should	
be	contained	in	each	section.		See	previous	sections	and	referenced	appendices	for	details	on	the	
stages	and	categories.	
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a. Stage 1 
Data	from	Stage	1	should	be	presented	and	summarized	in	this	section	of	the	ECP.		The	
project	developer	or	operator	should	work	with	the	Service	to	place	potential	wind–facility	
site	in	a	category	based	on	the	Stage	1	information.		For	detailed	recommendations	on	the	
Stage	1	process,	see	Appendix	B.	
 
b. Stage 2 
Data	from	Stage	2	should	be	presented	and	summarized	in	this	section	of	the	ECP.		For	
detailed	recommendations	on	the	Stage	2	methods	and	metrics,	see	Appendix	C.		The	risk	
categorization	should	be	re‐assessed	in	this	section,	taking	into	account	Stage	2	results.	
 
c. Stage 3 
In	this	section	of	the	ECP,	project	developers	or	operators	should	work	in	coordination	with	
the	Service	to	calculate	a	prediction	of	the	annual	eagle	fatality	rate	and	confidence	interval	
for	the	project	using	data	generated	from	the	Stage	2	assessment.		The	initial	estimate	of	the	
fatality	rate	should	not	take	into	account	possible	conservation	measures	and	ACPs;	these	
will	be	factored	in	as	part	of	Stage	4.		For	detailed	recommendations	on	Stage	3	methods	
and	metrics,	see	Appendix	D.		The	risk	categorization	should	be	re‐assessed	in	this	section,	
taking	into	account	Stage	3	results.	
 
d. Stage 4 
This	section	of	the	ECP	should	describe	how	proposed	conservation	measures	and	ACPs	
should	reduce	the	fatality	rate	generated	in	stage	3,	and	what	compensatory	mitigation	
measures	will	be	employed	to	offset	unavoidable	take,	if	required.		This	section	facilitates	
demonstrating	how	conservation	measures	and	ACPs	have	reduced	the	raw	predicted	
fatality	rate	to	the	unavoidable	standard.		For	detailed	recommendations	on	considerations	
for	the	development	of	conservation	measures	and	ACPs	see	Appendix	E.		The	risk	
categorization	should	be	re‐assessed	in	this	section,	taking	into	account	Stage	4	results.	This	
should	be	the	final	pre‐construction	risk	categorization	for	the	proposed	project.		This	
section	should	also	fully	describe	the	proposed	compensatory	mitigation	approach	(if	
required).		For	detailed	recommendations	regarding	compensatory	mitigation,	see	
Appendix	G.	
 
e. Stage 5 – Post-construction Monitoring 
In	this	section	of	the	ECP,	the	project	developer	or	operator	should	describe	the	proposed	
post‐construction	survey	methodology	for	the	project.		Detailed	recommendations	for	post‐
construction	monitoring	are	in	Appendix	H.		The	Stage	5	post‐construction	monitoring	plan	
is	the	final	section	of	the	ECP.	
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INTERACTION WITH THE SERVICE 
	
As	noted	throughout	this	ECPG,	frequent	and	thorough	coordination	between	project	developers	or	
operators	and	Service	and	other	jurisdictional‐agency	employees	is	crucial	to	the	development	of	
an	effective	and	successful	ECP.		Close	coordination	will	also	be	necessary	in	the	refinement	of	the	
modeling	process	used	to	predict	fatalities,	as	well	as	in	post‐construction	monitoring	to	evaluate	
those	models.		We	anticipate	the	ECPG	and	the	recommended	methods	and	metrics	will	evolve	
rapidly	as	the	Service	and	project	developers	or	operators	learn	together.		The	Service	has	created	a	
cross‐program,	cross‐regional	team	of	biologists	who	will	work	jointly	on	eagle‐programmatic‐take	
permit	applications	to	help	ensure	consistency	in	administration	and	application	of	the	Eagle	
Permit	Rule.		This	close	coordination	and	interaction	is	especially	important	as	the	Service	
processes	the	first	few	programmatic	eagle	take	permit	applications.	
	
The	Service	will	continue	to	refine	this	ECPG	with	input	from	all	stakeholders	with	the	objective	of	
maintaining	stable	or	increasing	breeding	populations	of	both	bald	and	golden	eagles	while	
simultaneously	developing	science‐based	eagle‐take	regulations	and	procedures	that	are	
appropriate	to	the	risk	associated	with	each	wind	energy	project.		As	the	ECPG	evolves,	the	Service	
will	not	expect	project	developers	or	operators	to	retroactively	redo	analyses	or	surveys	using	the	
new	approaches.		The	adaptive	approach	to	the	ECPG	should	not	deter	project	developers	or	
operators	from	using	it	immediately.	
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INFORMATION COLLECTION 
	
The	Bald	and	Golden	Eagle	Protection	Act	authorizes	us	to	collect	information	in	order	to	issue	
permits	for	eagle	take.		The	Eagle	Conservation	Plan	Guidance	defines	and	clarifies	the	information	
required	for	a	permit	application	(FWS	Form	3‐200‐71)	and	the	associated	annual	report	(FWS	
Form	3‐202‐15).	We	use	the	collected	information	to	evaluate	whether	the	take	is	compatible	with	
the	preservation	of	the	eagle;	to	determine	if	take	is	likely	and	how	it	can	be	avoided	and	
minimized;	to	determine	if	the	applicant	will	take	reasonable	measures	to	minimize	the	take;	and	to	
assess	how	the	activity	actually	affects	eagles	in	order	to	adjust	mitigation	measures	for	that	project	
and	for	future	permits.	
	
We	may	not	conduct	or	sponsor,	nor	are	you	required	to	respond,	to	a	collection	of	information	
unless	it	displays	a	currently	valid	Office	of	Management	and	Budget	control	number.		The	burden	
for	the	information	collection	associated	with	eagle	permits	and	reports	is	approved	under	OMB	
Control	No.	1018‐0022	(Federal	Fish	and	Wildlife	Permit	Applications	and	Reports‐‐Migratory	
Birds	and	Eagles)	and	OMB	Control	No.	1018‐0148	(Land‐Based	Wind	Energy	Guidelines).	
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GLOSSARY 
	
Active	nest	–	see	occupied	nest.	
Adaptive	resource	management	–	an	iterative	decision	process	that	promotes	flexible	decision‐

making	that	can	be	adjusted	in	the	face	of	uncertainties	as	outcomes	from	management	actions	
and	other	events	become	better	understood.	

Advanced	conservation	practices	(ACP)	–	means	scientifically	supportable	measures	that	are	
approved	by	the	Service	and	represent	the	best	available	techniques	to	reduce	eagle	
disturbance	and	ongoing	mortalities	to	a	level	where	remaining	take	is	unavoidable.		ACPs	are	a	
special	subset	of	conservation	measures	that	must	be	implemented	where	they	are	applicable.	

Adult	–	an	eagle	five	or	more	years	of	age.	
Alternate	nests	–	additional	sites	within	a	nesting	territory	that	are	available	to	be	used.	
Avoidance	and	minimization	measures	–	conservation	actions	targeted	to	remove	or	reduce	

specific	risk	factors	(e.g.,	avoiding	important	eagle	use	areas	and	migration	concentration	sites,	
placing	turbines	away	from	ridgelines).		A	subset	of	conservation	measures.	

Benchmark	–	an	eagle	harvest	rate	at	the	local‐area	population	scale	that	should	trigger	
heightened	scrutiny.	

Breeding	territory	–	equivalent	to	eagle	territory.	
Calculated	take	thresholds	–	annual	allowable	eagle	take	limits	established	in	USFWS	(2009b).	
Collision	probability	(risk)	–	the	probability	that	an	eagle	will	collide	with	a	turbine	given	

exposure.	
Compensatory	mitigation	–	replacement	of	project‐induced	losses	to	fish	and	wildlife	resources.	

Substitution	or	offsetting	of	fish	and	wildlife	resource	losses	with	resources	considered	to	be	of	
equivalent	biological	value.		In	the	case	of	an	the	ECPG,	an	action	in	the	eagle	permitting	process	
that	offsets	the	predicted	take	of	eagles	if	ACPs	and	other	conservation	measures	do	not	
completely	remove	the	potential	for	take,	and	projected	take	exceeds	calculated	take	thresholds	
for	the	species	or	the	eagle	management	unit	affected	(or	in	some	cases,	under	other	
circumstances	as	described	in	USFWS	2009a).	

Conservation	measures	–	actions	that	avoid	(this	is	best	achieved	at	the	siting	stage),	minimize,	
rectify,	reduce,	eliminate,	or	mitigate	an	effect	over	time.		ACPs	are	conservation	measures	that	
have	scientific	support	and	which	must	be	implemented	where	they	are	applicable.	

Discount	rate	–	the	interest	rate	used	in	calculating	the	present	value	of	expected	yearly	benefits	
and	costs.	

Disturb	‐	means	to	agitate	or	bother	a	bald	or	golden	eagle	to	a	degree	that	causes,	or	is	likely	to	
cause,	based	on	the	best	scientific	information	available,	(1)	injury	to	an	eagle,	(2)	a	decrease	in	
its	productivity,	by	substantially	interfering	with	normal	breeding,	feeding,	or	sheltering	
behavior,	or	(3)	nest	abandonment,	by	substantially	interfering	with	normal	breeding,	feeding,	
or	sheltering	behavior.	

Eagle	Conservation	Plans	(ECP)	–	a	document	produced	by	the	project	developer	or	operator	in	
coordination	with	the	Service	that	supports	issuance	of	an	eagle	take	permit	under	50	CFR	
22.26	and	potentially	22.27	(or	demonstrates	that	such	a	permit	is	unnecessary).	

Eagle	Management	Unit	–	regional	eagle	populations	defined	in	the	FEA	(USFWS	2009b).		For	
golden	eagles,	eagle	management	units	follow	Bird	Conservation	Regions	(Figure	2),	whereas	
bald	eagle	management	units	largely	follow	Service	regional	boundaries	(Figure	3).	

Eagle	exposure	rate	–	Eagle‐minutes	flying	within	the	project	footprint	(in	proximity	to	turbine	
hazards)	per	hour	(hr)	per	kilometer2	(km2).	

Eagle	nest	(or	nest)	–	any	readily	identifiable	structure	built,	maintained	or	used	by	bald	eagles	or	
golden	eagles	for	the	purposes	of	reproduction	(as	defined	in	50	CFR	22.3).	
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Eagle	territory	–	an	area	that	contains,	or	historically	contained,	one	or	more	nests	within	the	
home	range	of	a	mated	pair	of	eagles	(from	the	regulatory	definition	of	“territory”	at	50	CFR	
22.3).		“Historical”	is	defined	here	as	at	least	the	previous	5	years.	

Experimental	ACPs	–	prospective	conservation	measures	identified	at	the	start	of	a	programmatic	
eagle	take	permit	that	are	not	implemented	immediately,	but	are	deferred	pending	the	results	
of	post‐construction	monitoring.		If	such	monitoring	indicates	the	measures	might	reduce	
observed	eagle	fatalities,	they	should	be	implemented	and	monitored	for	a	sufficient	period	of	
time	to	determine	their	effectiveness.	

Fatality	monitoring	–	searching	for	eagle	carcasses	beneath	turbines	and	other	facilities	to	
estimate	the	number	of	fatalities.	

Fatality	rate	–	(1)	in	fatality	prediction	models,	the	fatality	rate	is	the	number	of	eagle	fatalities	per	
hr		per	km	2	;	(2)	elsewhere	in	the	ECPG	it	is	the	number	of	eagles	taken	or	predicted	to	be	taken	
per	year.	

Floater	(floating	adult)	–	an	adult	eagle	that	has	not	settled	on	a	breeding	territory.	
Hazardous	area	–	Rotor‐swept	area	around	a	turbine	or	proposed	turbine	(km2).	
Home	range	–	the	area	traveled	by	and	eagle	in	its	normal	activities	of	food	gathering,	mating,	and	

caring	for	young.		Breeding	home	range	is	the	home	range	during	the	breeding	season,	and	the	
non‐breeding	home	range	is	the	home	range	outside	the	breeding	season.	

Important	eagle‐use	area	–	an	eagle	nest,	foraging	area,	or	communal	roost	site	that	eagles	rely	on	
for	breeding,	sheltering,	or	feeding,	and	the	landscape	features	surrounding	such	nest,	foraging	
area,	or	roost	site	that	are	essential	for	the	continued	viability	of	the	site	for	breeding,	feeding,	
or	sheltering	eagles	(as	defined	at	50	CFR	22.26).	

Inactive	nest	–	a	bald	eagle	or	golden	eagle	nest	that	is	not	currently	being	used	by	eagles	as	
determined	by	the	continuing	absence	of	any	adult,	egg,	or	dependent	young	at	the	nest	for	at	
least	10	consecutive	days	immediately	prior	to,	and	including,	at	present.	An	inactive	nest	may	
become	active	again	and	remains	protected	under	the	Eagle	Act.	

Inventory	–	systematic	observations	of	the	numbers,	locations,	and	distribution	of	eagles	and	eagle	
resources	such	as	suitable	habitat	and	prey	in	an	area.	

Jurisdictional	agency	–	a	government	agency	with	jurisdictional	authority	to	regulate	an	activity	
(e.g.,	a	state	or	tribal	fish	and	wildlife	agency,	a	state	or	federal	natural	resource	agency,	etc.).	

Juvenile	–	an	eagle	less	than	one	year	old.	
Kiting	–	stationary	or	near‐stationary	hovering	by	a	raptor,	usually	while	searching	for	prey.	
Local‐area	population	–	is	as	defined	in	USFWS	(2009b),	and	refers	to	the	eagle	population	within	

a	distance	from	the	project	footprint	equal	to	the	species	median	natal‐dispersal	distance	(43	
miles	for	bald	eagles	and	140	miles	for	golden	eagles).	

Mean	inter‐nest	distance	–	the	mean	nearest‐neighbor	distance	between	simultaneously	occupied	
eagle	nests.	

Meteorological	towers	(met	towers)	–	towers	erected	to	measure	meteorological	events	such	as	
wind	speed,	direction,	air	temperature,	etc.	

Migration	concentration	sites	–	places	where	geographic	features	(e.g.,	north‐south	oriented	
ridgelines,	peninsulas)	funnel	migrating	eagles,	resulting	in	concentrated	use	during	migration	
periods.	

Migration	corridors	–	the	routes	or	areas	where	eagles	may	concentrate	during	migration	(e.g.,	
funneling	areas	along	ridgetops,	at	tips	of	peninsulas)	as	a	result	of	the	interplay	between	
weather	variables	and	topography.	

Migration	counts	–	standardized	counts	that	can	be	used	to	determine	relative	numbers	of	diurnal	
raptors	passing	over	an	established	point	during	fall	or	spring	migration.	

Mitigation	–	avoidance,	minimization,	rectification,	reduction	over	time,	and	compensation	for	
negative	impacts	to	bald	eagles	and	golden	eagles	from	the	permitted	actions.		In	the	ECPG,	we	
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use	the	term	compensatory	mitigation	to	describe	the	subset	of	mitigation	actions	designed	to	
offset	take	to	achieve	the	no‐net‐loss	standard.	

Monitoring	–	(1)	a	process	of	project	oversight	such	as	checking	to	see	if	activities	were	conducted	
as	agreed	or	required;	(2)	making	measurements	of	uncontrolled	events	at	one	or	more	points	
in	space	or	time	with	space	and	time	being	the	only	experimental	variable	or	treatment;	(3)		
making	measurements	and	evaluations	through	time	that	are	done	for	a	specific	purpose,	such	
as		to	check	status	and/or	trends	or	the	progress	towards	a	management	objective.	

No‐net‐loss	–	no	net	change	in	the	overall	eagle	population	mortality	or	natality	rate	after	issuance	
of	a	permit	that	authorizes	take,	because	compensatory	mitigation	reduces	another	form	of	
mortality,	or	increases	natality,	by	a	comparable	amount.	

Occupied	nest	–	a	nest	used	for	breeding	in	the	current	year	by	a	pair	of	eagles.		Presence	of	an	
adult,	eggs,	or	young,	freshly	molted	feathers	or	plucked	down,	or	current	year’s	mutes	
(whitewash)	suggest	site	occupancy.		In	years	when	food	resources	are	scarce,	it	is	not	
uncommon	for	a	pair	of	eagles	to	occupy	a	nest	yet	never	lay	eggs;	such	nests	are	considered	
occupied.	

Occupied	territory	–	an	area	that	encompasses	a	nest	or	nests	or	potential	nest	sites	and	is	
defended	by	a	mated	pair	of	eagles.	

Operational	adjustments	–	modifications	made	to	an	existing	wind	project	that	changes	how	that	
project	operates	(e.g.,	increasing	turbine	cut	in	speeds,	implementing	curtailment	of	turbines	
during	periods	of	high	eagle	use).	

Posterior	distribution	(Bayesian)	–	a	distribution	that	quantifies	the	uncertainty	in	the	model	
parameters	after	incorporating	the	observed	data.		The	distributions	are	usually	summarized	by	
intervals	around	the	median.	

Present	value	–	within	the	context	of	a	Resource	Equivalency	Analysis	(REA),	refers	to	the	value	of	
debits	and	credits	based	on	an	assumed	annual	discount	rate	(3%).		This	term	is	commonly	
used	in	economics	and	implies	that	resources	lost	or	gained	in	the	future	are	of	less	value	to	us	
today.	

Prior	distribution	(Bayesian)	–	a	distribution	that	quantifies	the	uncertainty	in	the	model	
parameters	from	previous	data	or	past	knowledge.		A	non‐informative	prior	can	be	used	to	
imply	that	little	or	nothing	is	known	about	the	parameters.	

Programmatic	take	–	take	that	is	recurring,	is	not	caused	solely	by	indirect	effects,	and	that	occurs	
over	the	long	term	or	in	a	location	or	locations	that	cannot	be	specifically	identified	(as	defined	
in	50	CFR	22.3).	

Project	area	–	the	area	that	includes	the	project	footprint	as	well	as	contiguous	land	that	shares	
relevant	characteristics.		For	eagle‐take	considerations,	the	Service	recommends	the	project	
area	be	either	project	footprint	and	a	surrounding	perimeter	equal	to	the	mean	species‐specific	
inter‐nest	distance	for	eagles	locally,	or	the	project	footprint	and	a	10‐mile	perimeter.	

Project‐area	inter‐nest	distance	–	the	mean	nearest‐neighbor	distance	between	simultaneously	
occupied	eagle	nests	of	a	species	(including	occupied	nests	in	years	where	no	eggs	are	laid).		We	
recommend	calculating	this	metric	from	the	nesting	territory	survey	in	Stage	2,	using	all	nesting	
territories	within	the	project	area,	ideally	over	multiple	years.	

Project‐area	nesting	population	–	number	of	pairs	of	eagles	nesting	within	the	project	area.	
Project‐area	eagle	population	–	the	population	of	eagles,	considering	breeding,	migrating,	and	

wintering	eagles,	within	the	project	area.	
Project	footprint	–	the	minimum‐convex	polygon	that	encompasses	the	wind‐project	area	

inclusive	of	the	hazardous	area	around	all	turbines	and	any	associated	utility	infrastructure,	
roads,	etc.	

Project	developer	or	operator	–	any	developer	or	operator	that	proposes	to	construct	a	wind	
project.	
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Productivity	─	the	number	of	juveniles	 ledged	from	an	occupied	nest,	often	reported	as	a	mean	
over	a	sample	of	nests.	

Renewable	energy	–	energy	produced	by	solar,	wind,	geothermal	or	any	other	methods	that	do	not	
require	fossil	fuels.	

Resource	Equivalency	Analysis	(REA)	–	in	the	context	of	the	ECPG,	a	methodology	used	to	
compare	the	injury	to	or	loss	of	eagles	caused	by	wind	facilities	(debit)	to	the	benefits	from	
projects	designed	to	improve	eagle	survival	or	increase	productivity	(credits).		Compensation	is	
evaluated	in	terms	of	eagles	and	their	associated	services	instead	of	by	monetary	valuation	
methods.	

Retrofit	–	any	activity	that	results	in	the	modification	of	an	existing	power	line	structure	to	make	it	
bird	safe.	

Risk‐averse	–	a	conservative	estimate	in	the	face	of	considerable	uncertainty.		For	example,	the	
Service	typically	will	use	the	upper	80%	credible	interval	of	the	median	estimated	number	of	
annual	eagle	fatalities	for	permit	decisions	in	an	effort	to	avoid	underestimating	fatality	rates	at	
wind	projects.	

Risk	validation	–	as	part	of	Stage	5	assessment,	where	post‐construction	surveys	are	conducted	to	
generate	empirical	data	for	comparison	with	the	pre‐construction	risk	assessment	predictions	
to	validate	if	the	initial	assumptions	were	correct.	

Roosting	–	activity	where	eagles	seek	cover,	usually	during	night	or	periods	of	severe	weather	(e.g.,	
cold,	wind,	snow).		Roosts	are	usually	found	in	protected	areas,	typically	tree	rows	or	trees	
along	a	river	corridor.	

Seasonal	concentration	areas	–	areas	used	by	concentrations	of	eagles	seasonally,	usually	
proximate	to	a	rich	prey	source.	

Site	categorization	–	a	standardized	approach	to	categorize	the	likelihood	that	a	site	or	
operational	alternative	will	meet	standards	in	50	CFR	22.26	for	issuance	of	a	programmatic	
eagle	take	permit.	

Stopover	sites	–	areas	temporarily	used	by	eagles	to	rest,	seek	forage,	or	cover	on	their	migration	
routes.	

Subadult	–	an	eagle	between	1	and	4	years	old,	typically	not	of	reproductive	age.	
Survey	–combined	inventory	and	monitoring.	
Take	threshold	–	an	upper	limit	on	the	annual	eagle	harvest	rate	for	each	species‐specific	eagle	

management	unit.		Thresholds	were	set	in	the	Final	Environmental	Assessment	on	the	Eagle	
Permit	Rule	(USFWS	2009b).	

Territory	–	area	that	contains,	or	historically	contained,	one	or	more	nests	within	the	home	range	
of	a	mated	pair	of	eagles	(from	50	CFR	22.3).	

Unoccupied	nest	–	those	nests	not	selected	by	raptors	for	use	in	the	current	nesting	season.		See	
also	inactive	nest.	

U.S.	Fish	and	Wildlife	Service	Draft	Land‐based	Wind	Energy	Guidelines	(WEG)	–	a	document	
that	describes	a	multi‐tiered	process	to	site,	construct,	operate	and	monitor	wind	facilities	in	
ways	that	avoid,	minimize,	and	mitigate	impacts	to	wildlife.	

Wind	facilities	–	developments	for	the	generation	of	electricity	from	wind	turbines.	
Wind	project	–	developments	for	the	generation	of	electricity	from	wind	turbines.	
Wind	turbine	–	a	machine	for	converting	the	kinetic	energy	in	wind	into	mechanical	energy,	which	

is	then	converted	to	electricity.	
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Figure 2.  Map of golden eagle management units, from USFWS (2009b). 
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Figure 3.  Map of bald eagle management units, from USFWS (2009b).	
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APPENDIX A: ADAPTIVE MANAGEMENT 
	
Management	of	wind	facilities	to	minimize	eagle	take	through	decisions	about	siting,	design,	
operation,	and	compensatory	mitigation,	is	a	set	of	recurrent	decisions	made	in	the	face	of	
uncertainty.		The	Department	of	the	Interior	has	a	long	history	of	approaching	such	decisions	
through	a	process	of	adaptive	management	(Williams	et	al.	2007).		The	purpose	of	adaptive	
management	is	to	improve	long‐term	management	outcomes,	by	recognizing	where	key	
uncertainties	impede	decision	making,	seeking	to	reduce	those	uncertainties	over	time,	and	
applying	that	learning	to	subsequent	decisions	(Walters	1986).	
	
Adaptive	management	is	a	special	case	of	decision	analysis	applied	to	recurrent	decisions	(Lyons	et	
al.	2008).		Like	all	formal	decision	analysis,	it	begins	with	the	identification	of	fundamental	
objectives—the	long‐term	ends	sought	through	the	decision	(step	2,	Fig.	A‐1).		These	objectives	are	
the	primary	concern,	and	all	the	other	elements	are	designed	around	them.		With	these	objectives	in	
mind,	alternative	actions	are	considered,	and	the	consequences	of	these	alternatives	are	evaluated	
with	regard	to	how	well	they	might	achieve	the	objectives.		But	in	many	decisions,	there	is	critical	
uncertainty	that	impedes	the	decision	(step	6,	Fig.	A‐1),	that	is,	the	decision‐maker	is	missing	
knowledge	that	affects	which	alternative	might	be	best.		In	recurrent	decisions,	there	exists	the	
opportunity	to	reduce	that	uncertainty,	by	monitoring	the	outcomes	of	early	actions,	and	apply	that	
learning	to	later	actions.		It	is	valuable	to	note	that	learning	is	not	pursued	for	its	own	sake,	but	only	
insofar	as	it	helps	improve	long‐term	management	by	reducing	these	uncertainties.	
	
There	are	two	hallmarks	of	a	formal	interpretation	of	adaptive	management,	like	that	described	
above.		The	first	hallmark	is	the	a	priori	identification	of	the	critical	uncertainty.		In	this	way,	
adaptive	management	is	not	a	blind	search	for	some	unspecified	new	insights,	but	a	focused	effort	
to	reduce	the	uncertainty	that	stands	in	the	way	of	better	decision‐making.		The	second	hallmark	is	
that	the	means	of	adaptation	is	clear,	that	is,	the	way	in	which	new	information	will	be	applied	to	
subsequent	decisions	is	articulated.	
	
There	is,	however,	recognition	that	unanticipated	learning	does	occur	in	any	real	system,	and	this	
learning	can	sometimes	lead	to	valuable	insights.		In	so‐called	“double‐loop	learning”	(Argyris	and	
Shon	1978),	the	learning	might	even	lead	to	a	re‐framing	of	the	decision,	a	re‐examination	of	the	
objectives,	or	consideration	of	new	alternatives	(this	could	be	represented	by	a	loop	from	step	7	to	
step	1	in	Fig.	A‐1).		In	the	context	of	eagle	management	at	wind	facilities,	the	Service’s	focus	is	on	
the	inner‐loop	learning	(represented	by	the	feedback	from	step	7	to	8	to	4	in	Fig.	A‐1),	but	
unanticipated	learning	will	not	be	ignored.	
	
In	the	case	of	managing	eagle	populations	in	the	face	of	energy	development,	there	is	considerable	
uncertainty	to	be	reduced.		For	example,	we	believe	that	in	some	areas	or	specific	situations,	large	
soaring	birds,	specifically	raptors,	might	be	especially	vulnerable	to	colliding	with	wind	turbines	
(Barrios	and	Rodriguez	2004,	Kuvlesky	et	al.	2007),	but	we	are	uncertain	about	the	relative	
importance	of	factors	that	influence	that	risk.		We	are	also	uncertain	about	the	best	way	to	mitigate	
the	effects	of	wind	turbine	developments	on	raptors;	we	suspect	some	strategies	might	be	effective,	
others	are	worth	trying.		We	also	suspect	that	a	few	species,	including	golden	eagles	(USFWS	2009),	
may	be	susceptible	enough	to	collisions	with	wind	turbines	that	populations	may	be	negatively	
affected.		Thus,	there	are	uncertainties	at	several	levels	that	challenge	our	attempts	to	manage	eagle	
populations:	(1)	at	the	level	of	understanding	factors	that	affect	collision	risk,	(2)	at	the	level	that	
influences	population	trends,	and	(3)	about	the	efficacy	of	various	mitigation	options.		The	Service,	
our	conservation	partners,	and	industry	will	never	have	the	luxury	of	perfect	information	before	
needing	to	act	to	manage	eagles.		We	are	therefore	left	to	make	management	decisions	based	on	the	
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best	available	information	with	some	inherent	degree	of	uncertainty	about	the	outcomes	of	those	
decisions.		Our	goal	is	to	reduce	that	uncertainty	through	use	of	formal	adaptive	management,	
thereby	improving	our	predictive	capability	over	time.		Applying	a	systematic,	cohesive,	nationally‐
consistent	strategy	of	management	and	monitoring	is	necessary	to	accomplish	this	goal.	
	
	
	

	
	

	
	
	
1.  Adaptive Management as a Tool 
Using	adaptive	management	as	a	tool	to	manage	wildlife	populations	is	not	new	to	the	Service.		We	
and	other	agencies	are	increasingly	using	the	principles	of	adaptive	management	across	a	range	of	
programs,	including	waterfowl	harvest	management	(Johnson	et	al.	1997),	endangered	species	
(Runge	2011),	and	habitat	management	at	local	and	landscape	scales	(Lyons	et	al.	2008).		Applying	
adaptive	management	to	complex	resource	management	issues	is	promoted	throughout	the	
Department	of	the	Interior	(Williams	et	al.	2007).	
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Figure A-1: A framework for adaptive resource management (ARM).  At the core of adaptive 
management is critical uncertainty that impedes the identification of a preferred alternative.  When 
decisions are recurrent, implementation coupled with monitoring can resolve uncertainty, and allow 
future decisions to reflect that learning.  (Figure from Runge 2011). 
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Waterfowl	harvest	management	is	the	classic	example	of	adaptive	resource	management.		Hunting	
regulations	are	reset	each	year	in	the	United	States	and	Canada	through	the	application	of	adaptive	
management	principles	(Johnson	et	al.	1997).		A	key	uncertainty	in	waterfowl	management	is	the	
extent	to	which	harvest	mortality	is	compensated	by	reductions	in	non‐harvest	mortality	or	by	
increases	in	productivity	(Williams	et	al.	1996).		Various	population	models	have	been	built	based	
on	competing	hypotheses	to	answer	this	question;	these	competing	models	make	different	
predictions	about	how	the	population	will	respond	to	hunting.		Every	year	the	Service	and	the	
Canadian	Wildlife	Service	monitor	waterfowl	and	environmental	conditions	to	estimate	population	
size,	survival	rates,	productivity,	and	hunting	rates.		These	data	feed	into	the	various	competing	
models,	and	the	models	are	evaluated	annually	based	on	how	well	they	predict	changes	in	
waterfowl	populations.		Models	that	perform	best	year‐after‐year	accrue	increasing	weight	(i.e.,	
evidence	in	support	of	the	underlying	hypothesis).		Weighted	model	outputs	directly	lead	to	
recommended	sets	of	hunting	regulations	(e.g.,	bag	limits	and	season	lengths)	for	the	subsequent	
year.		Over	time,	by	monitoring	the	population	effects	of	various	harvest	rates	on	survivorship,	and	
environmental	conditions	on	productivity,	our	uncertainty	about	the	degree	to	which	harvest	is	
compensated	by	other	factors	has	been	reduced,	allowing	for	the	setting	of	harvest	rates	with	
greater	confidence	every	year.		The	application	of	adaptive	management	principles	to	waterfowl	
harvest	regulation	has	helped	the	Service	and	its	partners	achieve	or	exceed	population	goals	for	
most	species	of	waterfowl	(NAWMP	2004).	
	
Adaptive	management	is	a	central	component	of	the	Service’s	approach	to	collaborative	
management	at	the	landscape	scale,	through	strategic	habitat	conservation	(NEAT	2006).		The	
principles	of	adaptive	management	are	also	embedded	in	endangered	species	management	(Ruhl	
2004,	Runge	2011),	including	in	recovery	planning	(Smith	2011)	and	habitat	conservation	planning	
(Wilhere	2002).		Indeed,	the	Service	recognizes	that	adaptive	management	is	a	normative	concept	
in	modern	ecological	decision‐making	(Callicott	et	al.	1999),	and	embraces	it	as	a	fundamental	tool.	
	
2.  Applying Adaptive Management to Eagle Take Permitting 
In	the	context	of	wind	energy	development	and	eagle	management	under	the	ECPG,	there	are	four	
specific	sets	of	decisions	that	are	suitable	for	an	adaptive	management	approach.	

	 	
a. Adaptive Management of Wind Project Operations 
The	most	immediate	and	direct	opportunity	for	adaptive	management	is	at	the	site‐level	for	
wind	facilities	after	construction.		The	relevant	uncertainty	is	in	the	predictions	of	eagle	
take	at	the	project,	and	the	operational	factors	that	influence	the	level	of	take.		The	role	of	
adaptive	management	at	this	scale	will	be	analyzed	and	evaluated	in	the	NEPA	associated	
with	each	permit.		Under	the	ECPG,	a	wind	project	would	initially	work	with	the	Service	to	
generate	predictions	of	take,	given	the	siting,	design,	and	operational	parameters	of	the	
project.		These	predictions	are	made	under	uncertainty,	and	the	risk	to	eagles	associated	
with	this	uncertainty	is	factored	into	the	compensatory	mitigation	terms	of	the	permit	
under	BGEPA.		After	a	site	becomes	operational,	ongoing	surveys	of	realized	take	can	be	
compared	to	the	predictions	of	take.		At	the	review	points	of	the	permit	(typically,	every	five	
years),	the	Service	and	the	operator	will	review	the	observed	take.		If	the	observed	take	
exceeds	the	predicted	and	permitted	take,	the	Service	will	work	with	the	operator	to	
identify	measures	that	could	be	taken	to	reduce	the	take	below	the	permitted	threshold	
(within	the	limits	jointly	agreed	to	at	the	outset	of	the	permit	period).		The	monitoring	data	
may	provide	clues	about	how	this	could	be	done,	for	example,	by	identifying	where	and	
when	most	of	the	take	is	occurring.		On	the	other	hand,	if	the	observed	take	is	significantly	
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less	than	the	predicted	take,	the	Service	can	work	with	the	operator	to	update	the	
predictions	of	take	for	the	next	review	period,	adjust	the	conditions	for	compensatory	
mitigation,	and	return	credits	to	the	operator	for	any	excess	compensatory	mitigation.	
	
In	a	related	manner,	for	both	new	and	existing	facilities,	ongoing	monitoring	can	provide	
information	to	reduce	uncertainty	about	the	effectiveness	of	conservation	measures	and	
ACPs.		In	particular,	experimental	conservation	measures	and	ACPs	are	actions	taken	by	the	
operator	that	are	thought	to	reduce	mortality	risk,	but	there	is	uncertainty	about	how	
effective	some	of	these	measures	can	be.		In	the	end,	the	purpose	of	adaptive	management	
of	operations	is	to	reduce	mortality	of	eagles	while	also	reducing	the	impact	of	conservation	
measures	and	ACPs	on	power	generation	at	wind	facilities.	
	
b. Adaptive Management of Wind Project Siting and Design Recommendations 
Through	the	ECPG	and	the	permit	review	process,	the	Service	makes	recommendations	to	
operators	about	how	to	site	and	design	wind	facilities	to	reduce	eagle	disturbance	and	
mortality.		These	recommendations	are	based	on	the	best	available	science,	but	
acknowledge	that	our	understanding	of	the	interaction	between	eagles	and	wind	facilities	is	
incomplete.		Adaptive	management	provides	the	opportunity	to	respond	to	increasing	
understanding	about	this	interaction.	
	
The	particular	focus	of	this	layer	of	adaptive	management	is	the	predictions	of	take	that	are	
made	by	considering	pre‐construction	surveys	and	risk	factors	(see	APPENDIX	D).		The	
proposed	models	are	initially	quite	coarse	in	their	ability	to	make	predictions,	but	the	
Service,	in	partnership	with	the	U.S.	Geological	Survey	(USGS),	plans	to	refine	these	models.		
The	key	uncertainties	concern	the	risk	factors	that	are	important	in	predicting	eagle	take.		
For	example,	how	important	is	the	proximity	to	nesting	sites,	prey	concentrations,	or	
ridgelines	in	determining	the	risk	posed	by	any	wind	turbine?		Multiple	models	will	be	
developed	to	express	uncertainty	in	these	risk	factors,	and	the	predictions	from	these	
multiple	models	will	be	compared	to	the	patterns	of	observed	take	at	existing	facilities.		
Using	multiple	models	to	express	uncertainty	allows	inclusion	and	evaluation	of	alternative	
models	from	different	sources.		The	learning	that	emerges	will	be	used	to	improve	the	
predictions	from	the	models,	which	in	turn,	will	allow	future	recommendations	about	siting	
and	design	to	be	enhanced.		In	this	case,	the	benefit	of	the	monitoring	at	individual	sites	
accrues	to	the	wind	industry	as	a	whole.	
	
c. Adaptive Management of Compensatory Mitigation 
The	determination	of	appropriate	levels	of	compensatory	mitigation,	such	as	through	a	
resource	equivalency	analysis	(REA,	see	APPENDIX	F),	is	based	on	two	predictions:	the	level	
of	take	expected	at	a	project;	and	the	amount	of	mitigation	required	to	offset	that	take.		As	
noted	above,	site‐level	learning,	through	observation	of	realized	take,	can	be	used	to	update	
predictions	of	take,	and	compensatory	mitigation	can	be	adjusted	accordingly.		In	addition,	
the	accrued	experience	across	sites,	through	monitoring	of	the	effectiveness	of	
compensatory	mitigation	projects	and	eagle	population	responses,	can	be	used	to	update	
the	methods	and	parameters	in	the	REA	methods	used	to	determine	the	appropriate	level	of	
compensatory	mitigation.	
	
d. Adaptive Management of Population-Level Take Thresholds 
Healthy,	robust	populations	of	animals	can	sustain	some	degree	of	incidental	take,	without	
long‐term	adverse	impacts	to	the	population	or	the	ecosystem.		The	amount	of	take	that	is	
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sustainable	and	that	can	be	authorized	is	a	function	of	both	scientific	factors	(e.g.,	the	
intrinsic	growth	rate	and	carrying	capacity	of	the	population)	and	policy	interpretation	(e.g.,	
the	amount	of	potential	growth	that	can	be	allocated	to	take,	and	the	risk	tolerance	for	
excessive	take)	(Runge	et	al.	2009).		The	capacity	to	sustain	incidental	take	arises	from	the	
resilience	in	populations	due	to	the	ability	to	compensate	for	that	take	by	increasing	
survival	or	reproductive	rates.	
	
At	the	scale	of	regional	populations	(e.g.,	bird	conservation	regions	for	golden	eagles),	the	
central	question	for	eagles	is	not	altogether	different	than	it	is	for	waterfowl:	to	what	extent	
is	mortality	from	energy	development,	or	any	other	anthropogenic	source,	compensated	by	
reductions	in	mortality	from	other	sources,	or	by	increases	in	productivity?		These	
questions	are	best	answered	by	building	population	models	founded	on	competing	
hypotheses	that	incorporate	estimates	of	mortality,	productivity,	and	the	variation	around	
those	vital	rates.		What	is	needed	is	a	systematic	effort	to	collect	information	on	mortality,	
breeding,	and	population	status	to	feed	those	models.		Similar	to	waterfowl	management,	
reducing	uncertainty	in	population‐level	models	for	eagle	management	will	require	rolling	
up	the	results	of	local	monitoring	and	research	across	the	distribution	of	eagles.		The	results	
will	allow	the	Service	to	make	more	informed	management	recommendations	to	reach	the	
Service’s	population	goal	of	stable	or	increasing	breeding	populations	for	both	eagle	
species.	
	
At	present,	the	Service’s	regulations	call	for	no	increase	in	net	take	of	golden	eagles,	under	a	
protective	concern	that	the	current	level	of	take	exceeds	a	sustainable	threshold.		As	our	
understanding	of	golden	eagle	population	size	and	status	increases,	and	our	knowledge	of	
vital	rates	and	potential	resilience	improves,	the	Service	and	USGS	will	reanalyze	the	
potential	for	instituting	take	thresholds	for	golden	eagles.		Take	thresholds	for	bald	eagles	
will	also	be	re‐assed	no	less	frequently	than	every	five	years	(USFWS	2009).		If	thresholds	
for	either	species	are	increased	and	additional	take	is	authorized,	continued	population	
monitoring	will	be	critical	in	providing	feedback	on	population	response	(i.e.,	step	4	to	8	in	
Fig.	A‐1).	
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APPENDIX B: STAGE 1 – SITE ASSESSMENT 
	
Occurrence	of	eagles	and	their	use	of	landscapes	vary	across	broad	spatial	scales.		The	first	step	in	
project	development	is	to	conduct	a	landscape‐scale	assessment,	based	mainly	on	publicly	available	
information,	to	identify	sites	within	a	large	geographic	area	that	have	both	high	potential	for	wind	
energy	and	low	potential	for	negative	impacts	on	eagles	if	a	project	is	developed.		Stage	1	
corresponds	to	Tiers	1	and	2	of	the	WEG	and,	along	with	Stage	2	herein	and	Tier	3	in	the	WEG,	
comprise	the	pre‐construction	evaluation	of	wind	energy	projects.		Depending	on	the	outcome	of	
Stage	1,	developers	decide	whether	to	proceed	to	the	next	stage,	“...	requiring	a	greater	investment	
in	data	collection	to	answer	certain	questions”	(referring	to	Tier	3,	in	the	WEG;	see	also	Table	B‐1).		
The	WEG	should	be	examined	for	general	considerations	relevant	to	Stage	1;	this	appendix	and	the	
following	APPENDIX	C	focus	on	considerations	specific	to	eagles.	
	
The	Stage	1	assessment	should	evaluate	wind	energy	potential	within	the	ecological	context	of	
eagles,	including	considerations	for	the	eagle’s	annual	life‐cycle,	i.e.,	breeding,	dispersal,	migration,	
and	wintering.		The	goal	at	this	stage	is	to	determine	whether	prospective	wind	project	sites	are	
within	areas	known	or	likely	to	be	used	by	eagles	and,	if	so,	begin	to	determine	the	relative	
spatiotemporal	extent	and	type	of	eagle	use	of	the	sites.		Areas	used	heavily	by	eagles	are	likely	to	
fall	into	category	1;	development	in	these	areas	should	be	avoided	because	the	Service	probably	
could	not	issue	project	developers	or	operators	a	programmatic	permit	for	take	that	complies	with	
all	regulatory	requirements.		Stage	1	assessment	is	a	relatively	straightforward	“desktop”	process	
that	probably	should	conduct	before	significant	financial	resources	have	been	committed	to	
developing	a	particular	project.	
	
Multiple	data	sources	can	be	consulted	when	evaluating	a	prospective	site’s	value	to	eagles.		
Wildlife	biologists	and	other	natural	resource	professionals	from	federal	agencies	including	the	
Service,	and	tribal,	state,	and	county	agencies	should	be	consulted	early	in	the	Stage	1	process	to	
help	ensure	all	relevant	information	is	being	considered.		Information	mainly	encompasses	
physiographic	and	biological	factors	that	could	affect	eagle	risk	associated	with	wind	energy	
development.		Questions	generally	focus	on:	(1)	recent	or	historical	nesting	and	seasonal	
occurrence	data	for	eagles	at	the	prospective	area;	(2)	migration	or	other	regular	movement	by	
eagles	through	the	area	or	surrounding	landscape;	(3)	seasonal	concentration	areas	such	as	a	
communal	roost	site	in	a	mature	riparian	woodland	or	a	prairie	dog	(Cynomys	spp.)	town	serving	as	
a	major	forage	base;	and	(4)	physical	features	of	the	landscape,	especially	topography,	that	may	
attract	or	concentrate	eagles.		“Historical”	is	defined	here	as	5	or	more	years;	a	search	for	historical	
data	should	encompass	at	least	the	previous	5	years.		Data	from	far	longer	time	periods	may	be	
available	but	should	be	cautiously	scrutinized	for	confounding	factors	such	as	land	use	change	that	
diminish	the	data’s	relevance.	
	
Preliminary	site	evaluation	could	begin	with	a	review	of	publically	available	information,	including	
resource	databases	such	as	NatureServe	(http://www.natureserve.org/)	and		the	American	Wind	
Wildlife	Institute’s	Landscape	Assessment	Tool	(LAT;	http://www.awwi.org/initiatives/	
landscape.aspx);	information	from	relevant	tribal,	state,	and	federal	agencies,	including	the	Service;	
state	natural	heritage	databases;	state	Wildlife	Action	Plans;	raptor	migration	databases	such	as	
those	available	through	Hawk	Migration	Association	of	North	America	(http://www.hmana.org)	or	
HawkWatch	International	(http://www.hawkwatch.org);	peer‐reviewed	literature	and	published	
technical	reports;	and	geodatabases	of	land	cover,	land	use,	and	topography	(e.g.,	the	LAT	
integrates	several	key	geodatabases).		Additional	information	on	a	site’s	known	or	potential	value	
to	eagles	can	be	garnered	by	directly	contacting	persons	with	eagle	expertise	from	universities,	
conservation	organizations,	and	professional	or	state	ornithological	or	natural	history	societies.		
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Some	of	this	wide	assortment	of	desktop	information	and	certain	knowledge	gaps	identified	
probably	will	necessitate	validation	through	site‐level	reconnaissance,	as	suggested	in	the	WEG.	
	
Using	these	and	other	data	sources,	a	series	of	questions	should	be	considered	to	help	place	the	
prospective	project	site	or	alternate	sites	into	an	appropriate	risk	category.		Relevant	questions	
include	(modified	from	the	WEG):	
	

1. Does	existing	or	historical	information	indicate	that	eagles	or	eagle	habitat	(including	
breeding,	migration,	dispersal,	and	wintering	habitats)	may	be	present	within	the	
geographic	region	under	development	consideration?	

2. Within	a	prospective	project	site,	are	there	areas	of	habitat	known	to	be	or	potentially	
valuable	to	eagles	that	would	be	destroyed	or	degraded	due	to	the	project?	

3. Are	there	important	eagle	use	areas	or	migration	concentration	sites	documented	or	
thought	to	occur	in	the	project	area?	

4. Does	existing	or	historical	information	indicate	that	habitat	supporting	abundant	prey	for	
eagles	may	be	present	within	the	geographic	region	under	development	consideration	
(acknowledging,	wherever	appropriate,	that	population	levels	of	some	prey	species	such	as	
black‐tailed	jackrabbits	(Lepus	californicus)	cycle	dramatically	[Gross	et	al.	1974]	such	that	
they	are	abundant	and	attract	eagles	only	in	certain	years	[e.g.,	Craig	et	al.	1984])?	

5. For	a	given	prospective	site,	is	there	potential	for	significant	adverse	impacts	to	eagles	
based	on	answers	to	above	questions	and	considering	the	design	of	the	proposed	project?	

	
We	recommend	development	of	a	map	that,	based	on	answers	to	the	above	questions,	indicates	
areas	that	fall	under	site	category	1,	i.e.,	areas	where	wind	energy	development	would	pose	
obvious,	substantially	high	risks	to	eagle	populations.		Remaining	areas	could	be	tentatively	
categorized	as	either	moderate	to	high	but	mitigable	risk	or	minimal	risk	to	eagle	populations	
(category	2	or	category	3).		Prospective	sites	that	fall	into	category	1	at	this	point	are	unlikely	
candidates	for	a	programmatic	permit	for	take	of	eagles,	although	classification	of	a	site	at	Stage	1	
might	be	regarded	as	tentative	(see	“Assessing	Risk	and	Effects;	4.	Site	Categorization	Based	on	
Mortality	Risk	to	Eagles”	in	the	ECPG.		If	a	site	appears	to	be	a	category	1	site	based	on	the	outcome	
of	Stage	1,	the	developer	can	decide	whether	information	at	that	stage	adequately	supports	a	
category	decision	or	whether	to	invest	in	Stage	2	assessment	to	clarify	preliminary	indications	of	
Stage	1	(Table	B‐1).		Sites	that	tentatively	fall	into	categories	2	or	3	at	Stage	1	can	move	on	to	Stage	
2	assessment,	but	could	ultimately	be	excluded	as	permit	candidates	after	more	site‐specific	data	
are	collected	in	Stage	2.	
	
Again,	the	goal	of	Stage	1	site	assessment	in	this	ECPG	is	to	determine	whether	prospective	wind	
project	sites	are	within	areas	known	or	likely	to	be	used	by	eagles	and,	if	so,	begin	to	assess	the	
spatiotemporal	extent	and	type	of	eagle	use	the	sites	receive	or	are	likely	to	receive.		Thus,	the	
ultimate	goal	of	Stage	1	is	to	determine	whether	sites	exhibit	any	obvious	substantial	risk	for	eagles.		
For	those	that	do	not,	the	Stage	1	site	assessment	will	provide	fundamental	support	for	the	design	
of	detailed	surveys	in	Stage	2,	decisions	which	influence	optimal	allocation	of	the	financial	
investment	in	surveys	and	quality	of	data	collected.		In	some	situations,	the	Stage	1	site	assessment	
may	provide	enough	information	to	adequately	estimate	impacts	and	support	decisions	on	site	
categorization	(and,	where	relevant,	potential	conservation	measures	and	appropriate	levels	of	
compensatory	mitigation),	rendering	Stage	2	assessment	unnecessary	(Table	B‐1).	
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Table B-1.  Framework for decisions on investment at Stage 2 level to address chief information needs.   
A bidirectional arrow represents a continuum of conditions. 
	
	 Strength	of	Stage	1	Information	Base	for	Assessing	Risk	to	

Eagles	

Area	of	
Information	
Need	

Robust:	
well	investigated	and	supported,	at	
least	semi‐quantitative	
documentation	from	most	recent	2‐5	
years,	encompassing	potential	site(s)	
or	adjoining	areas	from	which	reliable	
inferences	can	be	made	

↔

Weak:
characterized	by	little	
supportive	information	and	
marginal	certainty	overall,	at	
best	only	general	descriptions,	
conjecture,	or	limited	
inferences	from	other	areas	or	
regions	

	
Seasonal	
abundance	

	 ↔ 	

	
Nesting	records	

	 ↔ 	

	
Migration	
corridors	

	 ↔ 	

	
Communal	
roosts	

	 ↔ 	

	
Prey	availability	
or	foraging	
hotspots	

	 ↔ 	

Outcome	and	
implications	for	
additional	
assessment	
needs	at	Stage	2	
level:	

Relevant	areas	of	information	need	
are	well‐addressed	and	risk	level	is	
clearly	low	–	Stage	2	may	not	be	
warranted	or	else	modest	or	limited‐
focus	survey	effort	at	Stage	2	level	
recommended	
	
Relevant	areas	of	information	need	
are	well‐addressed	and	risk	level	is	
moderate	or	high	–		strong	effort	at	
Stage	2	level	advised	

↔
Uncertain	risk	level	–	strong	
survey	effort	at	Stage	2	level	
advised	
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APPENDIX C: STAGE 2 – SITE-SPECIFIC SURVEYS AND ASSESSMENT 
 
1.  Surveys of Eagle Use 
Information	collected	in	Stage	2	is	used	mainly	to	generate	predictions	of	the	mean	annual	number	
of	eagle	fatalities	for	a	prospective	wind	energy	project	and	to	identify	important	eagle	use	areas	or	
migration	concentration	sites	that	could	be	affected	by	the	project.		Information	from	Stage	2	is	also	
used	to	assess	the	likelihood	of	disturbance	take	of	eagles.		An	array	of	survey	types	could	be	used	
to	quantify	use	by	eagles	of	a	proposed	project	area.		This	section	focuses	on	four	types	of	surveys	
recommended	for	assessing	risk	to	eagles	at	proposed	wind	projects.		The	first	three	are	surveys	of	
eagle	use	within	the	proposed	project	footprint.		These	include:	(1)	point	count	surveys,	which	
mainly	generate	occurrence	data	that	form	underpinnings	of	the	risk	assessment	model	
recommended	herein;	(2)	migration	(“hawk	watch”)	counts,	documenting	hourly	passage	rates	of	
eagles;	and	(3)	utilization	distribution	(UD)	assessment,	an	accounting	of	the	intensity	of	use	of	
various	parts	of	the	home	range	within	the	project	footprint;	and	(4)	surveys	of	nesting	territory	
occupancy	in	the	project	area.		Where	uncertainties	exist	regarding	survey	methods,	our	
recommendations	tend	to	be	conservative	such	that	biases	in	survey	data,	if	any,	are	more	likely	to	
favor	greater	rather	than	lower	estimates	of	use	and	ultimately	more	rather	than	less	protection	for	
eagles.		This	approach	is	consistent	with	the	Service’s	policy	of	taking	a	risk‐averse	stance	in	the	
face	of	existing	uncertainty	with	respect	to	eagle	programmatic	take	permits.	
	
In	addition	to	fatality	estimation	and	informing	a	site	categorization	decision,	Stage	2	studies	of	
eagles	should	help	answer	the	following	questions	(modified	from	the	WEG):	

1. What	is	the	distribution,	relative	abundance,	behavior,	and	site	use	of	eagles	and	to	what	
extent	do	these	factors	expose	eagles	to	risk	from	the	proposed	wind	energy	project?	

2. What	are	the	potential	risks	of	adverse	impacts	of	the	proposed	wind	energy	project	to	
individual	and	local	populations	of	eagles	and	their	habitats?	

3. How	can	developers	avoid,	minimize,	and	mitigate	identified	adverse	impacts?	
4. Are	there	studies	that	should	be	initiated	at	this	stage	that	would	be	continued	in	post‐

construction?	
	

a. Point Count Surveys 
Point	counts	(i.e.,	circular‐plot	surveys)	often	are	used	to	assess	relative	abundance,	
population	trends,	and	habitat	preferences	of	birds	(Johnson	1995).		The	Service	advocates	
use	of	point	count	surveys	as	the	means	of	providing	primary	input	for	models	predicting	
fatality	rate	of	eagles	associated	with	wind	turbines.		However,	we	acknowledge	the	term	
point	count	survey	does	not	accurately	describe	the	approach	we	advocate	for	collecting	
data	to	support	fatality	rate	estimation	at	wind	energy	projects.		The	Service’s	approach	in	
this	regard	is	point‐based	recording	of	activity	duration	(minutes	of	flight)	within	a	three‐
dimensional	plot.		In	contrast,	point	count	surveys,	as	typically	conducted,	yield	indices	of	
relative	abundance	or	frequency	of	occurrence	(in	addition	to	trend,	density	estimation,	and	
habitat	association,	depending	on	how	data	are	collected;	Ralph	et	al.	1993).		With	that	said,	
most	records	of	eagle	flight	duration	are	likely	to	be	classified	as	1	minute,	per	the	approach	
recommended	in	this	section,	and	as	such	resemble	records	of	occurrence	for	data	from	
point	count	surveys.		Although	a	bit	of	a	misnomer	in	this	regard,	“point	count	survey”	is	
applied	broadly	herein	to	include	both	point‐based	records	of	flight	time	and	traditional	
point	count	surveys	because	sampling	frameworks	for	each	so	closely	overlap	and	both	data	
types	can	be	gathered	simultaneously,	along	with	other	information	described	in	this	
appendix.		There	may	be	other	means	of	generating	count	data	to	support	the	fatality	model	



54 
 

described	in	this	document.		Consideration	of	alternative	approaches	for	predicting	fatality	
at	such	projects	may	require	greater	time	and	additional	reviews.	
	
The	general	approach	for	conducting	a	fixed‐radius	point	count	survey	is	to	travel	to	a	pre‐
determined	point	on	the	landscape	and	record	individual	birds	detected	–	whether	
observed,	only	heard,	or	both	observed	and	heard	–	within	a	circular	plot,	the	boundary	of	
which	is	at	a	fixed	distance	from	the	point	and	is	marked	in	the	field	in	several	places	(Hutto	
et	al.	1986,	Ralph	et	al.	1993).		In	addition	to	plot	radius,	the	survey	is	standardized	by	count	
duration.		Sometimes	a	variable‐radius	plot	method	(Reynolds	et	al.	1980)	is	used,	yielding	
species‐by‐species	detectability	coefficients	to	appropriately	bound	the	plot	radius	(i.e.,	
sampling	area)	for	each	species.		A	variety	of	point	count	survey	methods	have	been	used	
specifically	for	raptors	(reviewed	in	Anderson	[2007];	the	North	American	Breeding	Bird	
Survey	[Sauer	et	al.	2009]	is	a	random‐systematic,	continent‐wide	point	count	survey	of	
bird	population	trends,	including	those	of	many	raptor	species).	However,	a	fixed‐radius	
approach	with	circular	plots	of	800‐m	radius	typically	is	used	for	surveying	eagles	and	
other	large	(greater	than	crow	[Corvus	spp.]‐size)	diurnal	species	of	raptors	at	proposed	
wind	energy	projects	in	the	United	States	(Strickland	et	al.	2011).	
	
The	optimal	duration	of	point	count	survey	for	eagles	is	a	focus	of	current	research.		For	
now,	for	point	count	surveys	of	eagles	at	proposed	wind	energy	projects,	the	Service	
recommends	counts	of	1,	2,	or	more	hours	duration	instead	of	20‐	to	40‐minute	counts	
typically	used	(Strickland	et	al.	2011).	Longer	counts	also	facilitate	integration	of	other	
survey	types	(e.g.,	development	of	utilization	distribution	profiles).		Many	raptor	biologists	
have	suggested	that	the	likelihood	of	detecting	an	eagle	during	a	20‐	to	40‐minute	point	
count	survey	is	extremely	low	in	all	but	locales	of	greatest	eagle	activity	and	datasets	
generated	by	pre‐construction	point	count	surveys	of	this	duration	typically	are	replete	
with	counts	of	zero	eagles,	resulting	in	unwieldy	confidence	intervals	and	much	uncertainty.		
Moreover,	time	spent	traveling	to	and	accessing	points	for	20‐minute	surveys	may	exceed	
time	spent	conducting	the	observations.		For	example,	250	1‐hour	surveys	conducted	
annually	at	a	project	of	average	size		(e.g.,	15	sampling	points,	1	to	3	km	apart)	and	travel	
conditions	require	roughly	the	same	total	field	time	as	needed	for	500	20‐minute	surveys,	
yet	yield	50%	more	observation	hours	(250	versus	167),	with	correspondingly	greater	
probability	of	detecting	eagles.		Another	advantage	of	longer	counts	is	that	they	reduce	
biases	created	if	some	eagles	avoid	conspicuous	observers	as	they	approach	their	points	
and	begin	surveys,	although	some	observers	may	become	fatigued	and	overlook	eagles	
during	longer	counts.		A	potential	trade	off	of	fewer	visits,	of	course,	is	diminished	
accounting	of	temporal	variation	(e.g.,	variable	weather	conditions	or	an	abrupt	migration	
event).		While	counting	at	fewer	points	for	longer	periods	might	also	reduce	the	ability	to	
sample	more	area,	we	advocate	maintain	the	minimum	spatial	coverage	of	at	least	30%	of	
the	project	footprint.		Until	there	is	more	evidence	that	shorter	count	intervals	are	adequate	
to	estimate	eagle	exposure,	we	believe	that	a	sampling	strategy	including	counts	of	longer	
duration,	albeit	fewer	total	counts,	may	in	the	end	improve	sampling	efficiency	and	data	
quality.	
	
A	key	assumption	of	fatality	prediction	models	based	on	data	from	point	count	surveys	is	
that	occurrence	of	eagles	at	a	proposed	project	footprint	before	construction	bears	a	
positive	relationship	with	turbine‐collision	mortality	after	the	project	becomes	operational	
(Strickland	et	al.	2011).		Support	for	this	assumption	from	published	literature	is	limited	for	
eagles	and	other	diurnal	raptors	at	this	time,	however.		In	a	recent	study	of	raptors	at	20	
projects	in	Europe,	no	overall	relationship	was	evident	between	either	of	two	pre‐
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construction	risk	indices	and	post‐construction	mortality	(Ferrer	et	al.	2011).		However,	the	
authors	based	risk	indices	only	in	part	on	data	from	pre‐construction	point	counts;	factors	
incorporated	into	risk	indices	included	a	somewhat	subjective	decision	on	species‐specific	
sensitivity	to	collision	and	conservation	status.		Despite	this,	a	weak	relationship	between	
pre‐construction	flight	activity	and	post‐construction	mortality	was	suggested	for	the	most	
common	species,	griffon	vulture	(Gyps	fulvus)	and	kestrels	(Falco	spp.).		Neither	Aquila	nor	
Haliaeetus	eagles	occurred	in	the	study.		On	coastal	Norway,	however,	a	high	density,	local	
population	of	the	white‐tailed	eagle,	a	species	closely	related	and	ecologically	similar	to	the	
bald	eagle,	experienced	substantial	turbine‐collision	fatality	and	loss	of	nesting	territories	
after	development	of	a	wind	energy	project	(Nygård	et	al.	2010).		The	relationship	between	
pre‐construction	occurrence	and	post‐construction	mortality	might	be	less	clear	if	eagles	
and	other	raptor	species	avoided	areas	after	wind	energy	projects	were	constructed	(e.g.,	
Garvin	et	al.	2011),	but	in	general	such	displacement	seems	negligible	(Madders	and	
Whitfield	2006).	
	
Precision,	consistency,	and	utility	of	data	derived	from	point	count	surveys	depend	greatly	
on	the	sampling	framework	and	field	approach	for	conducting	the	counts,	which	in	turn	
depend	somewhat	on	study	objectives	and	the	array	of	species	under	consideration.		
Precision	and	reliability	of	data	from	point	count	surveys	for	eagles	can	be	much	improved	
upon	–	and	need	for	a	risk‐averse	approach	lessened	–	by	incorporating	some	basic,	
common‐sense	sideboards	into	the	survey	design.		One	of	these,	longer	count	duration,	is	
discussed	above.		Below	are	examples	of	ideal	design	features	for	point	count	surveys	of	
eagle	use	of	proposed	wind	energy	projects,	particularly	when	fatality	rate	prediction	is	a	
primary	objective.		Some	of	these	extend	from	Strickland	et	al.	(2011)	and	references	
therein,	although	the	first	is	not	in	accord	with	corresponding	guidance	in	that	document.	
	

 Surveys	of	eagles	and	other	large	birds	are	exclusive	of	those	for	small	birds,	to	
avoid	overlooking	large	birds	while	searching	at	a	much	smaller	scale	for	a	much	
different	suite	of	birds.		The	relatively	brief	(e.g.,	10‐minute)	point	counts	for	small	
birds	could	be	conducted	during	the	same	visit,	but	before	or	after	the	count	of	large	
birds.	

 In	open	areas	where	observers	may	be	conspicuous,	counts	are	conducted	from	a	
portable	blind	or	from	a	blind	incorporated	into	a	vehicle	to	reduce	the	possibility	
that	some	individual	eagles	avoid	observers,	,thus		reducing	likelihood	of	detection.		
Blinds	are	designed	to	mask	conspicuous	observer	movement	while	not	impeding	
views	of	surroundings.	

 Point	locations	may	be	shifted	slightly	to	capitalize	on	whatever	vantage	points	may	
be	available	to	enhance	the	observer’s	view	of	surroundings.	

 Elevated	platforms	(e.g.,	blinds	on	scaffolding	or	high	in	trees,	truck‐mounted	lifts)	
are	used	to	facilitate	observation	in	vistas	obstructed	by	tall	vegetation,	topographic	
features,	or	anthropogenic	structures.	

 The	observer’s	visual	field	at	a	point	count	plot,	if	less	than	800	m	(e.g.,	due	to	
obstruction	by	forest	cover),	is	mapped.		The	percentage	of	the	plot	area	that	is	
visible	is	factored	into	the	calculation	of	area	surveyed.	

 Observers	use	the	most	efficient,	logical	route	to	move	among	points,	changing	the	
starting	point	with	the	beginning	of	each	survey	cycle	such	that	each	point	is	
surveyed	during	a	range	of	daylight	hours.	

 Systematic	scans	of	the	point	count	plot	using	binoculars	alternating	with	scans	via	
the	unaided	eye	to	detect	close	and	distant	eagles,	and	with	overhead	checks	for	
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eagles	that	may	have	been	overlooked	during	peripheral	scanning	(Bildstein	et	al.	
2007).	

 Observers	are	trained	and	their	skills	are	tested,	including	accurate	identification	
and	distance	estimation	(both	horizontal	and	vertical;		e.g.,	eagles	greater	than	600	
m	horizontal	distance	may	not	be	detected	by	some	observers	and	correction	for	
differences	among	individual	observers	may	be	warranted).	

 The	boundary	of	each	point	count	plot	is	identified	via	distinct	natural	or	
anthropogenic	features	or	marked	conspicuously	(e.g.,	flagging	on	poles)	at	several	
points	for	distance	reference.		Distance	intervals	within	the	plot	also	are	marked	if	
observations	are	to	be	categorized	accordingly;	rangefinder	instruments	are	useful	
in	this	regard.	

 Surveys	are	distributed	across	daylight	hours	(e.g.,	morning	–	sunrise	to	1100	hours;	
midday	–	1101‐1600;	evening	1601	to	sunset).		In	areas	or	during	seasons	where	
eagle	flight	is	more	likely	during	midday	than	in	early	morning	or	evening	(e.g.,	
migration	[Heintzelman	1986]),	sampling	efficiency	could	be	increased	by	
temporally	stratifying	surveys	to	more	intensively	cover	the	midday	period.	

 A	map	(e.g.,	1:24,000	scale	topographic	quadrangle)	or	aerial	photographs	
indicating	topographic	and	other	reference	features	plus	locations	of	point	count	
plots	is	used	as	the	primary	recording	instrument	in	the	field.		A	GPS	with	GIS	
interface	may	serve	in	this	regard.	

 Time	and	position	of	each	individual	eagle	is	recorded	on	the	map,	e.g.,	at	the	
beginning	of	each	minute	of	observation,	if	not	more	frequently.	

	
The	following	examples	of	suggested	sideboards	pertain	especially	to	point	count	surveys	
supplying	data	for	the	fatality	prediction	method	recommended	in	this	document:	
	

 Following	a	point	count	survey,	the	duration	of	observation	of	each	eagle	flying	
within	the	plot	is	summarized	in	number	of	minutes,	rounded	to	the	next	highest	
integer	(e.g.,	an	eagle	observed	flying	within	the	plot	for	about	15	seconds	is	1	eagle‐
minute,	another	observed	within	for	about	1	minute	10	seconds	is	2	eagle‐minutes,	
and	so	on;	most	observations	likely	will	equal	1	eagle‐minute).	

 Eagles	are	mapped	when	perched	or	when	otherwise	not	flying,	but	the	summary	of	
eagle‐minutes	for	a	count	excludes	these	observations	and	includes	only	eagles	in	
flight.	

 Horizontal	distance	of	each	eagle‐minute	is	estimated	and	recorded	as	≤	800	m	or	>	
800	m.		Vertical	distance	of	each	eagle‐minute	is	estimated	and	recorded	as	≤	200	m	
(at	or	below	conservative	approximation	of	maximum	height	of	blade	tip	of	tallest	
turbine)	or	>	200	m.		Thus,	the	point	count	“plot”	is	a	200‐m	high	cylinder	with	a	
radius	of	800	m.	

 Surveys	are	done	under	all	weather	conditions	except	that	surveys	are	not	
conducted	when	visibility	is	less	than	800	m	horizontally	and	200	m	vertically.	

 Data	from	point	count	surveys	are	archived	in	their	rawest	form	to	be	available	
when	fatality	is	estimated	as	detailed	in	this	document	(APPENDIX	D).	

	
Other	information	recorded	during	point	counts	may	prove	useful	in	project	assessment	
and	planning,	or	in	additional	data	analyses	(some	requiring	data	pooled	from	many	
projects),		e.g.:	
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 Flight	paths	of	eagles,	including	those	outside	the	plot,	are	recorded	on	reference	
maps,	using	topographic	features	or	markers	placed	in	the	field	as	location	
references.		Eagle	flight	paths	are	recorded	also	before	and	after	point	count	surveys	
and	incidental	to	other	field	work.		Flight	paths	are	summarized	on	a	final	map,	with	
those	recorded	during	point	count	surveys	distinguished	from	others	to	roughly	
account	for	spatial	coverage	bias.		Documentation	of	flight	paths	can	aid	planning	to	
avoid	areas	of	high	use	(Strickland	et	al.	2011).	

 Behavior	and	activity	prevalent	during	each	1‐minute	interval	is	recorded	as	(e.g.)	
soaring	flight	(circling	broadly	with	wings	outstretched);	unidirectional	flapping‐
gliding;	kiting‐hovering;	stooping	or	diving	at	prey;	stooping	or	diving	in	an	
agonistic	context	with	other	eagles	or	other	bird	species;	undulating/territorial	
flight;	perched;	or	other	(specified).	

 Age	class	of	individual	eagles	is	recorded,	e.g.,	juvenile	(first	year),	immature	or	
subadult	(second	to	fourth	year),	adult	(fifth	year	or	greater),	or	unknown.	

 Weather	data	are	recorded,	including	wind	direction	and	speed,	extent	of	cloud	
cover,	precipitation	(if	any),	and	temperature	(Strickland	et	al.	2011).	

 Distance	measures	are	used	to	estimate	detectability	for	improving	estimates	from	
counts	(Buckland	et	al.	2001)	and	could	be	used	to	assess	whether	eagles	avoid	
observers.		Horizontal	distance	of	each	eagle‐minute	is	estimated	and	categorized,		
e.g.,	in	100‐m	intervals	to	>	800	m.	

	
The	key	consideration	for	planning	point	count	surveys	at	proposed	wind	energy	projects	is	
sampling	effort.		We	advise	that	project	developers	or	operators	coordinate	closely	with	the	
Service	regarding	the	appropriate	seasonal	sampling	effort,	as	sampling	considerations	are	
complex	and	depend	in	part	on	case‐specific	objectives.		We	also	reiterate	that	these	(and	
most	other)	surveys	should	be	conducted	for	at	least	2	years	before	project	construction	
and,	in	most	cases,	across	all	seasons.		In	general,	sampling	effort	should	be	commensurate	
with	the	relative	level	of	risk	at	a	proposed	project	footprint	if	this	can	be	surmised	reliably	
from	the	Stage	1	assessment.		If	Stage	1	information	cannot	support	reasonably	certain	risk	
categorization,	Stage	2	surveys	should	be	conducted	as	described	here	to	clearly	ascertain	
whether	eagles	are	known	or	likely	to	use	the	area.		If	a	project	is	determined	to	be	category	
2,	products	of	point	count	surveys	should	include	data	for	the	fatality	model	detailed	in	this	
document	(APPENDIX	D).		If	there	is	compelling	Stage	1	evidence	indicating	no	use	in	a	
given	season,	zero	use	could	be	assumed	and	point	count	surveys	in	that	season	might	be	
unnecessary.	
	
In	general,	goals	for	the	Stage	2	surveys	are	either	to:	(1)	confirm	category‐3	status	for	a	
project,	or	(2)	to	generate	a	fatality	rate	estimate.		Regardless	of	which	of	these	survey	goals	
apply	to	a	particular	project,	we	recommend	first	identifying	potential	sites	for	wind	
turbines,	including	alternate	sites,	then	calculating	the	total	area	(km	2	)	encompassing	a	1‐
km	buffer	around	all	the	sites.		We	suggest	1	km	because	this	approximates	optimal	spacing	
of	a	generic	2.5‐MW	turbine	(Denholm	et	al.		2009),	and	the	area	outside	this	may	not	be	
representative	of	topographic	features	and	vegetation	types	that	characterize	turbine	
strings	within	the	project	footprint.	This	approach	assures	close	association	between	
sampling	sites	and	likely	turbine	locations,	as	recommended	by	Strickland	et	
al.		(2011).		Next,	we	recommend	that	at	least	30%	of	the	area	within	1	km	of	turbines	be	
considered	as	the	total	km	2		area	to	be	covered	by	800‐m	radius	point	count	plots	(with	a	
sample	area	for	each	plot	of	2	km2).		Our	recommended	30%	minimum	is	based	on	the	
actual	minimum	coverage	at	eight	wind	facilities	under	review	by	the	Service	at	the	time	
version	2	of	the	ECPG	was	being	developed.	
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The	first	case	(i.e.,	(1)	above)	is	the	use	of	point	count	data	to	validate	whether	a	proposed	
project	meets	category	3	criteria	when	Stage	1	information	is	inadequate.		Based	on	
experience	with	current	parameters	of	the	“prior	term”	in	our	predictive	model	(see	
APPENDIX	D),	we	calculate	an	average	of	20	hours	per	turbine	as	an	optimal	level	of	annual	
sampling	via	point	count	survey	(e.g.,	equivalent	of	ten	4‐hour	point	count	surveys	at	each	
of	20	sample	points	for	a	40‐turbine	project;	our	20‐hour	recommendation	considers	the	
hazardous	area	created	by	a	generic	2.5‐MW	turbine	with	a	rotor	diameter	of	about100	m;	
sample	effort	for	turbines	with	smaller	rotor	diameters	would	be	less).		As	sampling	effort	
falls	from	this	level,	uncertainty	regarding	fatality	risk	rises	sharply,	calling	for	an	
increasingly	risk	averse	basis	for	risk	categorization.		Although	20	sample	hours	per	turbine	
may	be	necessary	initially	for	validating	category	3	determination	where	little	Stage	1	
information	exists,	we	expect	this	will	decrease	as	more	projects	are	incorporated	into	the	
adaptive	management	meta‐analyses	that	will	refine	the	prior	term.	
	
The	second	case	(i.e.,	(2)	above)	is	where	Stage	1	evidence	is	strong	enough	to	support	the	
decision	that	a	project	is	category	2	(or	category	3	with	potential	for	re‐evaluation	as	
category	2).		Fatality	rate	estimation	becomes	the	main	objective	of	point	count	surveys	and	
demands	for	sampling	effort	can	be	reduced.		We	recommend	a	minimum	of	1	hour	of	
observation	per	point	count	plot	per	month	but	at	least	2	hours	of	observation	per	point	
count	is	warranted	for	a	season	for	which	Stage	1	evidence	is	ambiguous	or	suggests	high	
use.	
	
These	ideas	on	minimum	observation	hours	stem	from	the	Service’s	initial	experience	in	
fatality	estimation	(see	APPENDIX	D:	Stage	3	–	Predicting	Eagle	Fatalities).		However,	as	
noted	above,	with	more	field	applications	of	our	fatality	prediction	model	we	should	be	able	
to	refine	our	ability	to	characterize	uncertainty	based	in	part	on	site‐specific	characteristics,	
something	the	Service’s	current	model	does	not	do.		Again,	to	develop	a	reasonable,	
informed	sampling	approach,	we	urge	project	developers	to	engage	early	with	the	Service	in	
discussions	about	sampling	design	and	strategies.	
	
The	example	below	includes	determination	of	the	number	of	point	count	plots	for	a	project.	

 
Example  
The	site	for	a	100‐MW,	40‐turbine	project	proposed	in	open	foothills	of	central	New	
Mexico	encompasses	40	km2	(16	mi2).		During	the	Stage	1	assessment,	data	from	a	
hawk	watch	organization	indicates	the	area	is	25	miles	east	of	a	north‐south	
mountain	ridge	that	sustains	a	moderate	level	of	migration	by	golden	eagles	each	
fall	but	receives	little	use	in	spring.		According	to	the	state	ornithological	society,	the	
region	also	is	thought	to	attract	golden	eagles	during	winter,	but	this	is	based	on	
sparse	anecdotal	accounts.		Aerial	nesting	surveys	by	the	Service	5	years	ago	yielded	
no	evidence	of	eagle	nests	within	10	miles	of	the	proposed	project,	although	use	of	
the	area	by	non‐breeding	resident	eagles	during	spring	and	summer	cannot	be	ruled	
out.		Reconnaissance	visits	and	review	of	land	cover	and	other	habitat	layers	in	
geodatabases	support	the	general	indication	that	the	area	is	important	to	golden	
eagles	during	at	least	part	of	the	year.	
	
Stage	1	Summary:	Of	primary	concern	at	the	prospective	project	site	is	potential	for	
risk	to	golden	eagles	during	fall	migration.		Evidence	of	this	at	the	Stage	1	level	is	
somewhat	equivocal,	however,	because	the	known	migration	pathway	is	outside	the	
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project	area.		Further	examination	of	use	in	spring,	summer,	and	especially	winter	
also	seems	warranted.		Questions	include	temporal	(seasonal)	and	spatial	
(distribution	within	project)	use.		The	overarching	goal	is	to	quantify	risk	to	eagles	
posed	by	the	proposed	project,	mainly	by	estimating	fatality	rate.		If	fatality	is	
anticipated,	a	secondary	goal	is	to	determine	whether	the	predicted	level	is	
acceptable	and,	if	not,	whether	fatality	can	be	avoided	and	minimized	through	
specified	project	design	and	operation	features.	
	
The	primary	tool	for	predicting	fatality	is	the	point	count	survey.		However,	if	the	
pre‐construction	assessment	is	robust	and	optimally	designed,	point	count	surveys	
will	provide	insight	on	distribution	of	use	within	the	project	footprint	especially	
near	proposed	turbine	sites,	and	on	migration	timing	and	movement	pathways.	

	
Sampling Effort 
A.		Number	of	points,	i.e.,	point	count	plots,	and	spatial	allocation:	

1. 40	turbines	are	proposed	for	project	
2. potential	sites	for	turbines	have	been	selected	
3. area	within	1	km	of	turbines	covers	total	of	100	km2	
4. 30%	of	total	area	=	30	km2	
5. number	of	800‐m	radius	(area	of	each,	2‐km2)	point	count	plots	

recommended	=	30/2	=	15	plots	
6. survey	points	are	distributed	among	turbine	strings	via	random‐systematic	

allocation,	with	each	point	no	more	than	1	km	from	a	prospective	turbine	
site	

	
B.		Number	of	counts	per	point	per	season	and	duration	of	each	point	count	survey:	

1. Based	on	some	Stage	1	evidence	of	low	use	in	this	example,	1	hour	of	
observation	per	point	count	plot	per	month	seems	appropriate	during	each	
of	winter	(e.g.,	mid‐December	through	mid‐March),	spring	(mid‐March	
through	mid‐June),	and	summer	(mid‐June	through	mid‐September)	
seasons.		A	count	duration	of	1	hour	is	selected	to	maximize	efficiency	in	the	
field	

2. Survey	effort	is	doubled	during	the	mid‐September	through	mid‐December	
fall	migration	season	for	golden	eagles,	based	on	Stage	1	evidence	of	fall	
migration	nearby	and	need	for	more	definitive	data	on	eagle	occurrence,	
timing,	and	distribution	within	the	footprint.		This	could	be	done	by	using	
either	two	1‐hour	counts	or	a	2‐hour	count	per	point	per	month;	the	latter	is	
chosen	to	maximize	field	efficiency	and	better	emulate	migration	count	
methods.		The	1‐hour	counts	may	lend	better	insight	on	temporal	variation,	
but	in	this	example	each	monthly	session	of	15	2‐hour	counts	requires	an	
observer	3‐4	days	to	complete,	affording	some	accounting	of	day‐to‐day	
variation.	

3. The	total	yearly	effort	in	this	example	is	nine	1‐hour	counts	and	three	2‐
hour	counts	at	each	of	15	points,	yielding	225	total	observation	hours.	

	
The	raw	data,	in	number	of	eagle‐minutes,	appear	as	follows	(e.g.,	for	the	first	fall	
season	sampled,	with	one	2‐hour	count	per	point	per	month):	
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Point	no.	
Point	count	visit	number	–	Fall	Season,	Year	1	

1	(early	fall)	 2	(mid‐fall)	 3	(late	fall)	

1	 0	 0	 0	

2	 0	 0	 0	

3	 0	 0	 0	

4	 0	 0	 0	

5	 0	 0	 0	

6	 0	 0	 0	

7	 1	 1	 0	

8	 0	 0	 0	

9	 0	 0	 0	

10	 0	 2	 1	

11	 0	 0	 0	

12	 0	 2	 0	

13	 0	 0	 0	

14	 0	 1	 0	

15	 0	 0	 0	

	
The	first	year’s	fall	point	count	survey	totals	90	observation	hours,	the	equivalent	of	
nine	10‐hour	migration	counts.		Thus,	the	fall	point	count	surveys	could	yield	much	
insight	on	eagle	migration	–	perhaps	even	substituting	for	focused	migration	counts	
–	especially	if	the	sample	is	stratified	so	point	count	surveys	mainly	cover	the	
midday	period	when	eagles	are	most	likely	to	be	moving.		(see	b.	Migration	Counts	
and	Concentration	Surveys,	below).		Observations	made	during	point	count	surveys	
in	all	seasons	also	could	support	a	map	of	flight	paths	to	roughly	indicate	the	
distribution	of	use	of	the	area	by	eagles	relative	to	turbine	sites	(see	c.	Utilization	
Distribution	(UD)	Assessment,	below).	

	
Fatality	estimation	should	be	adequately	supported	by	the	data,	although	multiple	survey	
years	are	likely	needed	to	account	for	annual	variation.		Data	for	fatality	estimation	should	
be	made	available	to	the	Service	in	the	rawest	form,	as	in	the	above	example.	

	
b. Migration Counts and Concentration Surveys 
Wherever	potential	for	eagle	migration	exists,	migration	counts	should	be	conducted	unless	
the	Stage	1	assessment	presents	compelling	evidence	that	the	project	area	does	not	include	
or	is	not	part	of	a	migration	corridor	or	a	migration	stopover	site.		Migration	counts	convey	
relative	numbers	of	diurnal	raptors	passing	over	an	established	point	per	unit	time	
(Bildstein	et	al.	2007,	Dunn	et	al.	2008),	usually	a	migration	concentration	site.		Examples	of	
sites	include	north‐south	oriented	ridges,	cliff	lines,	or	deeply	incised	river	valleys;	terminal	
points	or	coast	lines	of	large	water	bodies;	or	peninsulas	extending	into	large	water	bodies	
(Kerlinger	1989,	Bildstein	2006,	Mojica	et	al.	2008).		Migration	counts	could	be	considered	a	
specialized	type	of	point	count,	one	for	which	the	plot	radius	is	unlimited	(Reynolds	et	al.	
1980)	and	the	count	period	is	quite	long,	from	6	hours	to	a	full	day.	
	



61 
 

In	contrast	to	the	allocation	of	sample	points	for	point	count	surveys	at	proposed	wind	
energy	projects,	migration	counts	typically	are	conducted	from	one	to	a	few	points	within	or	
adjacent	to	a	proposed	project	footprint.		Points	are	widely	spaced,	located	primarily	at	
places	that	collectively	provide	greatest	visual	coverage	especially	of	topographic	features	
likely	to	attract	or	funnel	migrating	raptors.		At	many	proposed	projects,	however,	survey	
points	for	migration	counts	could	be	the	same	as	or	a	subset	of	those	used	for	point	count	
surveys,		e.g.,	per	the	above	example	(under	1a.	Point	Count	Surveys),	such	that	migration	
counts	at	a	given	point	simultaneously	contribute	point	count	data.		Consideration	should	
be	given	to	restructuring	point	count	surveys	to	this	end,	including	temporal	stratification	
to	more	effectively	account	for	potential	eagle	migration	and	improve	precision	of	exposure	
estimates.		As	another	example,	during	an	anticipated	6‐week	peak	of	eagle	migration	in	fall,	
point	count	duration	could	be	extended	to	6	hours.		If	the	surveys	were	to	cover	either	the	
first	6	hours	or	the	last	6	hours	of	the	day,	the	two	survey	periods	would	overlap	by	several	
hours	in	midday,	better	covering	the	time	of	day	when	eagles	are	most	likely	moving	
(Heintzelman	1986).		The	data	may	have	to	be	adjusted	slightly	when	used	for	fatality	
estimation,	however.	
	
Strickland	et	al.	(2011)	summarize	some	important	details	for	conducting	raptor	migration	
counts	at	proposed	wind	energy	sites.		Counts	should	be	conducted	using	standard	
techniques	(Bildstein	et	al.	2007,	Dunn	et	al.	2008)	during	at	least	peak	periods	of	passage	
(see	the	Hawk	Migration	Association	of	North	America’s	[HMANA]	website	for	information	
on	seasonal	passage	periods	for	eagles	at	various	migration	survey	sites:	
http://www.hmana.org).		Migration	counts	may	involve	staffing	survey	points	up	to	75%	of	
days	during	peak	passage	(Dunn	et	al.	2008).		If	at	least	a	modest	eagle	migration	is	
evidenced	(i.e.,	multiple	individuals	observed	passing	unidirectionally	during	each	of	
multiple	days),	surveys	should	be	continued	for	at	least	2	years	and	into	the	operational	
phase	to	validate	initial	observations	and	help	assess	evidence	of	collision	and	influence	of	
turbines	on	migration	behavior.		Migration	count	data	should	be	provided	to	the	Service	as	
an	appendix	to	the	ECP,	using	a	reporting	format	similar	to	that	used	by	HMANA.		As	with	
point	count	surveys,	training	of	migration	survey	staff	should	include	assessment	of	raptor	
identification	skills	and	of	ability	of	individuals	to	detect	eagles	in	flight	under	a	broad	range	
of	distances	and	weather	conditions.	
	
Potential	for	non‐breeding	(either	winter	or	summer)	season	concentrations	of	eagles	in	or	
near	the	project	footprint	should	begin	to	be	evaluated	in	Stage	1,	including	close	scrutiny	of	
potential	habitat	via	geospatial	imagery	and	follow	up	reconnaissance	visits	(see	APPENDIX	
B).		Non‐breeding	bald	eagles	often	use	communal	roosts	and	forage	communally	(Platt	
1976,	Mojica	et	al.	2008).		Golden	eagles	may	do	so	on	occasion,	with	other	golden	eagles	
and/or	with	bald	eagles	(Craig	and	Craig	1984).		Both	species	can	become	concentrated	on	
spring	and	fall	migration	under	particular	combinations	of	weather	and	topographic	
conditions,	or	may	annually	use	traditional	stopover	sites	during	migration.		The	Stage	1	
assessment	may	suggests	that	seasonal	concentrations	of	eagles	regularly	occur	within	the	
project	area,	either	because	of	favorable	conditions	(e.g.,	clusters	of	large	trees	along	rivers	
offering	potential	roost	sites,	stopover	concentrations	of	migrating	waterfowl)	or	because	of	
indications	from	prior	anecdotal	or	systematically	collected	records.		The	Stage	2	
assessment	should	include	surveys	designed	to	further	explore	evidence	of	any	such	
occurrences.		If,	based	on	the	outcome	of	Stage	1,	there	is	no	compelling	reason	to	believe	
concentration	areas	are	lacking,	an	efficient	way	to	begin	to	probe	for	concentration	areas	is	
simply	to	extend	the	duration	of	point	count	surveys	and	perhaps	conduct	them	more	
frequently.		Expanded	point	count	surveys,	distributed	evenly	across	the	day	during	the	first	
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year	of	Stage	2,	should	provide	at	least	a	preliminary	indication	of	regular	movements	to	
and	from	what	may	be	roosts	or	prey	hotspots	within	or	outside	the	project	footprint.		
Moreover,	expanded	point	count	surveys	conducted	near	potential	turbine	sites	(see	design	
recommendations	in	a.	Point	Count	Surveys,	above)	can	better	inform	turbine	siting	
decisions	in	relation	to	eagle	use	of	concentration	areas,	if	such	areas	exist.		The	increased	
survey	effort	also	could	contribute	towards	a	more	precise	indication	of	eagle	exposure	in	a	
fatality	estimate	for	the	proposed	project	(APPENDIX	D).	
	
Early	in	Stage	2,	evidence	from	Stage	1	of	concentration	areas	in	the	project	area	may	be	
corroborated	or	new	evidence	of	concentrations	may	surface.		In	either	case,	focused	
surveys	(e.g.,	via	direct	observation	or	by	aircraft)	can	be	implemented	to	document	their	
locations	and	daily	timing	and	spatial	patterns	of	their	use	by	eagles	in	relation	to	the	
proposed	project	footprint	throughout	the	season(s).		For	example,	surveys	for	wintering	
concentrations	of	bald	eagles	could	be	conducted,	following	USFWS	(1983)	guidance.		
Direct,	systematic	observation	from	vantage	points	in	early	morning	and	evening	is	the	
most	practical	means	of	documenting	roost	locations	and	movements	of	eagles	to	and	from	
roosts	on	a	local	scale	(Steenhof	et	al.	1980,	Crenshaw	and	McClelland	1989).		Aerial	
surveys	may	be	needed	for	repeated	surveys	of	eagles	at	extensive	roosts	(Chandler	et	al.	
1995).		Direct	observation	can	be	used	to	compare	occurrence	and	activity	of	eagles	before	
and	after	construction	and	operation	of	a	project	(Becker	2002)	and	may	be	a	valid	means	
to	identify	disturbance	effects	on	roosting	concentrations.	
	
c. Utilization Distribution (UD) Assessment 
UD	can	be	thought	of	as	animal’s	spatial	distribution	or	intensity	of	use	of	various	parts	of	a	
given	area,	such	as	its	home	range.		A	basic	though	perhaps	labor‐intensive	approach	for	
documenting	spatial	distribution	of	use	across	all	or	part	of	a	proposed	project	footprint	by	
eagles	is	to	systematically	observe	and	record	eagle	movements	and	activities	(e.g.,	
territorial	display,	prey	delivery	flight)	on	maps	in	the	field	then	convert	the	data	into	GIS	
formats	for	standard	analyses	(e.g.,	Walker	et	al.	2005).		For	example,	a	grid	of	square	cells,	
each	0.5	x	0.5	km,	can	be	framed	by	the	Universal	Transverse	Mercator	(UTM)	system	
across	a	map	of	the	area	of	interest	to	record	eagle	observations	in	each	0.25	km2	cell.		The	
area	of	interest	is	divided	into	non‐overlapping	observation	sectors,	each	with	a	vantage	
point	that	affords	unobstructed	viewing	of	grid	cells	to	more	than	1	km	in	all	directions.		
Observation	periods	last	at	least	4	hours	and	include	all	daylight	hours	and	account	for	
roost	sites.		If	necessary,	two	(or	more)	observers	working	from	separate	vantage	points	
can	pinpoint	locations	of	eagles	through	triangulation.	
	
The	data	can	be	analyzed	by	simply	counting	the	number	of	flights	intersecting	each	cell.		An	
eagle’s	distribution	of	use	can	then	be	estimated	by	using	standard	kernel	analyses	(Worton	
1989,	1995,	Seaman	and	Powell	1996,	Kenward	2001)	or	other	probabilistic	approaches,	
comparable	to	Moorcroft	et	al.	(1999),	McGrady	et	al.	(2002),	and	McLeod	et	al.	(2002).		
Having	concern	over	potential	autocorrelation,	Walker	et	al.	(2005)	randomly	selected	
independent	locations	of	golden	eagles	along	flight	paths	to	establish	a	point	database	for	
standard	UD	analyses.		They	determined	that	locations	would	be	independent	if	separated	
by	at	least	45	minutes.		McGrady	et	al.	(2002)	conservatively	used	a	1‐hour	minimum	to	
separate	points,	even	though	their	data	indicated	a	20‐minute	interval	would	suffice.		
Concerns	with	autocorrelation	in	UD	analyses	have	recently	diminished,	however	(Feiberg	
et	al.	2010).		Most	study	of	eagle	UD	has	focused	on	resident	birds	especially	breeding	
adults	on	their	nesting	territories.		Size	and	shape	of	use	areas	can	vary	seasonally	(Newton	
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1979),	so	documentation	of	spatial	use	by	resident	eagles	should		encompass	all	seasons	in	
addition	to	accounting	for	annual	variation.	
	
A	substantial	advantage	of	a	direct	observation	approach	compared	to	telemetry	
techniques,	which	typically	target	only	one	or	two	resident	eagles	at	a	proposed	project,	is	
that	it	disregards	age	and	breeding	and	residency	status.		Included	are	overwintering	
individuals;	dispersing	juveniles;	post‐fledging	young	from	nearby	territories	and	juveniles	
dispersing	from	other	areas	or	regions;	and	adults	from	adjoining	territories	plus	non‐
breeding	adults	(i.e.,	“floaters,”	Hunt	1998)	and	subadults	that	may	occur	along	boundaries	
of	breeding	territories.		In	many	instances,	identification	of	individual	eagles	may	not	be	
important	and	final	results	of	a	generalized	UD	analysis	may	be	based	on	data	pooled	from	
multiple	birds,	some	of	which	were	indistinguishable	from	each	other	in	the	field.		A	
disadvantage	of	this	approach	is	that	position	accuracy	based	on	direct	observation	across	
expansive	landscapes	is	coarse	compared	to	using	telemetry	with	GPS	capability,	and	
generally	declines	with	distance,	increasing	topographic	and	forest	cover,	and	during	early	
morning	and	late	evening	hours.		This	can	be	resolved	to	some	extent	by	limiting	the	size	
and	increasing	the	number	of	observation	sectors	(in	addition	to	using	multiple	observers),	
but	for	most	pre‐construction	information	needs,	a	high	degree	of	accuracy	is	unessential	
for	UD	data.		Last,	it	is	unlikely	that	UD	needs	to	be	assessed	across	entire	project	footprints.		
Instead,	it	is	more	likely	used	to	target	specific	areas	of	concern,	such	as	areas	where	eagles	
nest	or	frequently	forage,	and	to	refine	knowledge	of	use	of	particular	areas	to	better	inform	
turbine	siting	decisions.		The	method	obviously	has	little	utility	in	areas	of	low	eagle	
occurrence.	
	
Although	we	acknowledge	telemetry	offers	some	distinct	benefits	for	assessing	risks	and	
impacts	of	wind	projects,	use	of	the	method	for	eagles	has	other	drawbacks.		Specific	
individual	eagles	must	be	targeted	for	capture	and	not	all	eagles	using	a	given	project	
footprint	are	equally	likely	to	be	captured	or	provide	useful	data	(e.g.,	migrants	may	be	
readily	captured	but	leave	the	area	before	providing	much	data).		More	importantly,	
capturing	and	radio‐marking	eagles	can	have	negative	effects	on	behavior,	productivity,	and	
re‐use	of	nest	sites	(e.g.,	Marzluff	et	al.	1997,	Gregory	et	al.	2002),	and	recent	information	
suggests	a	negative	effect	in	some	cases	on	survival,	especially	of	golden	eagles	captured	as	
adults	and	released	with	large	(70‐	to	100‐g),	solar‐charged	transmitters	(USFWS,	
unpublished	information).		These	effects	must	be	better	understood	before	routine	use	of	
telemetry	techniques	can	be	recommended	as	components	of	wind‐facility	assessments.		
Until	then,	the	Service	discourages	the	use	of	telemetry	in	assessments	of	eagle	use	
associated	with	wind	energy	projects;	survey	approaches	suggested	herein	do	not	require	
telemetry.	
	
d. Summary 
The	Service	encourages	development	of	cost‐effective	sampling	designs	that	simultaneously	
address	multiple	aspects	of	use	of	proposed	wind	energy	projects	by	eagles,	though	
emphasizes	that	high‐quality	point	count	data	to	support	fatality	rate	estimation	should	be	
considered	the	highest	priority.		In	many	cases,	the	sampling	framework	for	point	count	
surveys	likely	can	be	extended	to	reasonably	assess	migration	incidence,	UD,	and	other	
objectives.		Although	field‐based	data	that	directly	support	fatality	estimation	are	most	
important,	development	of	methods	for	addressing	other	objectives	is	encouraged,	such	as	
the	use	of	digital	trail	cameras	to	document	eagle	occurrence	at	carcass	stations.		
Regardless,	we	recommend	that	pre‐construction	surveys	at	proposed	wind	energy	sites	
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encompass	a	minimum	of	2	years,	including	at	least	1	year	characterized	by	robust	
sampling	that	integrates	multiple	survey	types.	

	
2.  Survey of the Project-area Nesting Population: Number and Locations of Occupied Nests of 
Eagles 
To	evaluate	project	siting	options	and	help	assess	potential	effects	of	wind	energy	projects	on	
breeding	eagles,	we	recommend	determining	locations	of	occupied	nests	of	eagles	within	the	
project	area	for	no	less	than	two	breeding	seasons	prior	to	construction.		The	primary	objective	of	a	
survey	of	the	project‐area	nesting	population	is	to	determine	the	number	and	locations	of	occupied	
nests	and	the	approximate	centers	of	occupied	nesting	territories	of	eagles	within	the	project	area.		
If	recent	(i.e.,	within	the	past	5	years)	data	are	available	on	spacing	of	occupied	eagle	nests	for	the	
project‐area	nesting	population,	the	data	can	be	used	to	delineate	an	appropriate	boundary	for	the	
project	area	as	described	in	APPENDIX	H.		Otherwise,	we	suggest	that	project	area	be	defined	as	the	
project	footprint	and	all	area	within	10	miles.	
	
In	this	ECPG	document	we	use	raptor	breeding	terminology	originally	proposed	by	Postupalsky	
(1974)	and	largely	followed	today	(Steenhof	and	Newton	2007).		An	occupied	nest	is	a	nest	
structure	at	which	any	of	the	following	is	observed:	(1)	an	adult	eagle	in	an	incubating	position,	(2)	
eggs,	(3)	nestlings	or	fledglings,	(4)	occurrence	of	a	pair	of	adult	eagles	(or,	sometimes	subadults,		
e.g.,	Steenhof	et	al.	[1983])	at	or	near	a	nest	through	at	least	the	time	incubation	normally	occurs,	
(5)	a	newly	constructed	or	refurbished	stick	nest	in	the	area	where	territorial	behavior	of	a	raptor	
had	been	observed	early	in	the	breeding	season,	or	(6)	“A	recently	repaired	nest	with	fresh	sticks	
(clean	breaks)	or	fresh	boughs	on	top,	and/or	droppings	and/or	molted	feathers	on	its	rim	or	
underneath”	(Postupalsky	1974).	
	
A	nest	that	is	not	occupied	is	termed	unoccupied.		An	occupied	nesting	territory	includes	one	
occupied	nest	and	may	include	alternate	nests,		i.e.,	any	of	several	other	nest	structures	within	the	
nesting	territory.		Sometimes	“active	nest”	is	used	to	encompass	occupied	nests	in	which	eggs	were	
laid	plus	those	at	which	no	eggs	were	laid.		Here,	as	elsewhere	in	the	ECPG	and	in	Postupalsky	
(1974),	an	active	nest	is	considered	one	in	which	an	egg	or	eggs	have	been	laid.		A	nest	that	is	active	
is	also,	by	default,	occupied.		A	nest	that	is	not	active	is	inactive,	and	there	is	a	regulatory	definition	
for	the	term	inactive	nest	(50	CFR	22.3.		Not	all	pairs	of	bald	eagles	and	golden	eagles	attempt	to	
nest	or	nest	successfully	every	year	(Buehler	2000,	Kochert	et	al.	2002),	and	nesting	territories	
where	pairs	are	present	but	do	not	attempt	to	nest	could	in	some	cases	be	misclassified	as	
unoccupied.		Accurate	comprehension	of	territory	distribution	and	determination	of	occupancy	
status	is	the	crux	of	determining	the	project‐area	nesting	population.	
	
The	project‐area	nesting	population	survey	should	include	all	potential	eagle	nesting	habitat	within	
the	project	area.		At	least	two	checks	via	aircraft	or	two	ground‐based	observations	are	
recommended	to	designate	a	nest	or	territory	as	unoccupied,	as	long	as	all	potential	nest	sites	and	
alternate	nests	are	visible	and	monitored	(i.e.,	alternate	nests	may	be	widely	separated	such	that	a	
full‐length,	ground‐based	observation	should	be	devoted	to	each).		Ground‐based	observations	
should	be	conducted	for	at	least	4	hours	each		(occupancy	may	be	verified	in	less	time),	aided	by	
spotting	scopes,	from	at	least	0.8	km	from	the	nest(s),	during	weather	conducive	to	eagle	activity	
and	good	visibility.		Surveys	of	occupancy	should	be	conducted	at	least	30	days	apart,	ideally	during	
the	normal	courtship	and	mid‐incubation	periods,	respectively.		Surveys	later	in	the	breeding	
season	are	likely	to	overlook	some	territorial	pairs	that	that	did	not	lay	eggs	or	failed	early	in	the	
nesting	season.		Timing	of	surveys	should	be	based	on	local	nesting	chronologies;	Service	staff	can	
provide	recommendations.		If	an	occupied	nest	or	a	pair	of	eagles	is	located,	the	territory	should	
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continue	to	be	searched	for	alternate	nest	sites.		This	information	can	help	determine	the	relative	
value	of	individual	nests	to	a	territory	if	ever	there	are	applications	for	permits	to	take	inactive	
nests,	and	when	determining	whether	abandonment	of	a	particular	nest	may	result	in	loss	of	a	
territory.	
	
Use	of	aerial	surveys	followed	by	ground‐based	surveys	at	targeted	sites	can	be	an	ideal	approach	
to	determine	nest	and	territory	occupancy.		Helicopters	are	an	accepted	and	efficient	means	for	
inventory	of	extensive	areas	of	potential	nesting	habitat	for	eagles,	although	fixed‐wing	aircraft	can	
be	used	where	potential	nest	sites	are	widely	scattered	and	conspicuous.		Aerial	surveys	for	eagle	
nests	in	woodland	habitat	may	require	two	to	three	times	as	much	time	as	aerial	surveys	for	nests	
on	cliffs.		When	surveying	rugged	terrain	by	helicopter,	cliffs	should	be	approached	from	the	front,	
rather	than	flying	over	from	behind	or	suddenly	appearing	from	around	corners	or	buttresses.		
Inventories	by	helicopter	should	be	flown	at	slow	speeds,	about	30	to	40	knots.		All	potentially	
suitable	nest	sites	should	be	scrutinized;	multiple	passes	at	several	elevation	bands	may	be	
necessary	to	provide	complete	coverage	of	nest	site	habitat	on	large	cliff	complexes.		Hovering	for	
up	to	15	seconds	no	closer	than	50	m	from	a	nest	may	be	necessary	to	verify	the	nesting	species,	
photograph	the	nest	site,	and,	if	late	in	the	nesting	season,	allow	the	observer	to	count	and	estimate	
age	of	young	in	the	nest.		Aerial	surveys	may	not	be	appropriate	in	some	areas	such	as	bighorn	
sheep	lambing	areas;	to	avoid	such	sensitive	areas,	state	resource	agencies	should	be	consulted	
when	planning	surveys.		Additional	guidelines	for	aerial	surveys	for	eagles	and	other	raptors	are	
reviewed	in	Anderson	(2007).	
	
Surveys	should	be	conducted	only	by	biologists	with	extensive	experience	in	surveys	of	raptors	and	
appropriate	training	in	aerial	surveys	(see	review	in	Anderson	2007).		Whether	inventories	are	
conducted	on	the	ground	or	aerially,	metrics	of	primary	interest	to	the	Service	for	the	project‐area	
nesting	population	include:	
	

1. number	and	locations	of	nest	structures	that	are	verified	or	likely	to	be	eagle	nests	
2. number	and	locations	of	eagle	nests	currently	or	recently	occupied	based	on	criteria	

outlined	herein	
3. estimated	number	and	approximate	boundaries	and	centers	of	eagle	breeding	territories,	

based	on	records	of	nest	site	occupancy	and	clustering	of	nests.	
	
Additionally,	productivity	(i.e.,	reproductive	success,	defined	here	as	the	mean	number	of	nestlings	
surviving	to	>	56	and	≥	67	days	of	age	per	occupied	nest	for	golden	eagles	and	bald	eagles,	
respectively)	may	be	of	interest	for	assessing	disturbance	effects,	although	utility	of	productivity	
data	at	a	given	project	likely	will	be	limited	due	to	small	sample	size	and	factors	confounding	the	
interpretation	of	results.		A	meta‐analysis	approach	based	on	productivity	data	from	many	projects	
is	contemplated	as	part	of	the	adaptive	management	process	accompanying	the	ECPG,	and	may	
contribute	to	understanding	of	disturbance	effects	on	this	aspect	of	eagle	breeding	biology.		
Moreover,	abandonment	of	territories	–	the	gravest	manifestation	and	clearest	evidence	of	
disturbance	effects	–	could	be	documented	through	the	occupancy	surveys	recommended	herein,	if	
these	surveys	are	repeated	after	project	construction.		We	reiterate	that	accurate	comprehension	of	
territory	distribution	and	determination	of	occupancy	status	should	be	the	primary	goal	of	nesting	
surveys.	
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APPENDIX D: STAGE 3 – PREDICTING EAGLE FATALITIES 
	
The	Service	uses	a	Bayesian	method	(see	Gelman	et	al.	2003)	to	predict	the	annual	fatality	rate	for	a	
wind‐energy	facility,	using	explicit	models	to	define	the	relationship	between	eagle	exposure	
(resulting	from	the	Stage	2	assessment,	APPENDIX	C),	collision	probability,	and	fatalities	(verified	
during	post‐construction	monitoring	in	Stage	5,	APPENDIX	H),	and	to	account	for	uncertainty.	The	
relationships	between	eagle	abundance,	fatalities,	and	their	interactions	with	factors	influencing	
collision	probability	are	still	poorly	understood	and	appear	to	vary	widely	depending	on	multiple	
site‐specific	factors	(see	Assessing	Risk	and	Effects;	2.		Eagle	Risk	Factors	in	the	ECPG).	The	baseline	
model	presented	below	is	a	foundation	for	modeling	fatality	predictions	from	eagle	exposure	to	
wind	turbine	hazards.	In	addition	to	generating	the	fatality	estimate	that	will	be	a	component	of	the	
Service's	analysis	of	the	permit	application,	the	model	also	serves	as	a	basis	for	learning	and	the	
exploration	of	other	candidate	models	that	attempt	to	better	incorporate	specific	factors	and	
complexity.	The	Service	encourages	project	developers	or	operators	to	develop	additional	
candidate	models	(both	a	priori	and	post	hoc)	for	direct	comparison	with,	and	evaluation	of,	the	
baseline	model	and	modeling	approach.	Our	ability	to	learn	over	time	and	reduce	uncertainty	by	
incorporating	new	information	into	our	modeling	approach	through	an	adaptive	management	
framework	(see	APPENDIX	A)	enables	us	to	improve	site‐specific	estimation	of	eagle	fatalities,	
reduce	uncertainty	in	predictions,	and,	ultimately,	improve	management	decisions	relating	to	
eagles	and	wind	energy	in	a	responsible	and	informed	way.	Rigorous	post‐construction	monitoring	
is	a	critical	component	of	evaluating	model	performance	over	time	(see	APPENDIX	H).	
	
Variables	used	in	the	formulas	below	are	summarized	in	Table	D‐1	for	ease	of	reference.		The	total	
annual	eagle	fatalities	(F)	as	the	result	of	collisions	with	wind	turbines	can	be	represented	as	the	
product	of	the	rate	of	eagle	exposure	(λ)	to	turbine	hazards,	the	probability	that	eagle	exposure	will	
result	in	a	collision	with	a	turbine	(C),	and	an	expansion	factor	(ε)	that	scales	the	resulting	fatality	
rate	to	the	parameter	of	interest,	the	annual	predicted	fatalities	for	the	project:	
	

.	
	
Using	the	Bayesian	estimation	framework,	we	define	prior	distributions	for	exposure	rate	and	
collision	probability;	the	expansion	factor	is	a	constant	and	therefore	does	not	require	a	prior	
distribution.	Next,	we	calculate	the	exposure	posterior	distribution	from	its	prior	distribution	and	
observed	data.	The	expanded	product	of	the	posterior	exposure	distribution	and	collision	
probability	prior	yields	the	predicted	annual	fatalities.	
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Table D-1.  Abbreviations and descriptions of variables used in the Service method for predicting annual eagle 
fatalities. 
 

Abbreviation	 Variable	 Description	

F	 Annual	fatalities	 Annual	eagle	fatalities	from	turbine	collisions	

λ	 Exposure	rate	 Eagle‐minutes	flying	below	200	m	in	height	within	the	project	
footprint	(in	proximity	to	turbine	hazards)	per	hr	per	km2	

C	
Collision	
probability	 The	probability	of	an	eagle	colliding	with	a	turbine	given	exposure	

ε	 Expansion	factor	 Product	of	daylight	hours	and	total	hazardous	area	(hr∙km2)	

k	 Eagle‐minutes	 Number	of	minutes	that	eagles	were	observed	flying	below	200	m	
during	survey	counts	

δ	
Turbine	
hazardous	area	

Rotor‐swept	area	around	a	turbine	or	proposed	turbine	from	0	to	200	
m	(km2)	

n	 Trials	
Number	of	trials	for	which	events	could	have	been	observed	(the	
number	of	hr∙km2	observed)	

τ	 Daylight	hours	 Total	daylight	hours	(e.g.	4383	hr	per	year)	

nt	
Number	of	
turbines	 Number	of	turbines	(or	proposed	turbines)	for	the	project	

	
	
	
	
1.  Exposure	
The	exposure	rate	λ	is	the	expected	number	of	exposure	events	(eagle‐minutes)	per	daylight	hour	
per	square	kilometer	(hr∙	km2).		We	defined	the	prior	distribution	for	exposure	rate	based	on	
information	from	a	range	of	projects	under	Service	review	and	others	described	with	sufficient	
detail	in	Whitfield	(2009).	The	exposure	prior	predicts	an	exposure	rate	from	a	mixture	distribution	
of	project‐specific	Gamma	distributions	(Figure	D‐1).	We	used	the	Gamma	distribution	because	all	
values	are	positive	and	real	(see	Gelman	et	al.,	1995,	p.	474–475).	The	mixture	distribution	is	
summarized	by	a	new	Gamma	distribution	(our	prior	distribution	for	exposure)	with	a	mean	
(0.352)	and	standard	deviation	(0.357)	derived	from	the	conditional	distributions	(Gelman	et	al,	
1995,	equation	1.7	p.	20).	The	resulting	prior	distribution	for	exposure	rate	is: 
	

	 	~	 ∝, ,	with	shape	and	rate	parameters	of	α	=	0.97	and	β	=	2.76.	

	

Simulation	trials	produced	consistent	results.	The	prior	distribution	is	meant	to	include	the	range	of	
possible	exposure	rates	for	any	project	considered.	
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Figure D-1. The prior probability distribution Gamma (0.97, 2.76), for exposure rate, λ, with a mean of 0.352 
(indicated by the reference line) and standard deviation of 0.357. The distribution is positively skewed such 
that exposure is generally at or near 0 with fewer higher values shown by the black curve.  The project-specific 
distributions (gray curves) were used to determine the mixture distribution (dashed curve) which determined the prior 
distribution parameters. 
	
	
	
Eagle	exposure	data	collected	during	the	pre‐construction	phase	surveys	(see	APPENDIX	C)	can	be	
used	to	update	this	prior	and	determine	the	posterior	distribution	that	will	be	used	to	estimate	the	
predicted	fatalities.		The	Service	may	also	be	able	to	work	with	a	project	developer	or	operator	on	a	
case‐by‐case	basis	to	use	the	prior	λ	distribution	to	generate	a	risk‐averse	fatality	prediction	for	
projects	where	no	pre‐construction	survey	data	are	available.		Assuming	the	observed	exposure	
minutes	follow	a	Poisson	distribution	with	rate	λ,	the	resulting	posterior	λ	distribution	is:	
	

	 	~	 ∝ ∑ , .	
	
The	new	posterior	λ	parameters	are	the	sum	of	α	from	the	prior	and	the	events	observed	(eagle	
minutes,	ki),	and	the	sum	of	β	from	the	prior	and	the	number	of	trials,	n,	for	which	events	could	
have	been	observed	(the	number	of	“trials”	is	the	number	of	hr∙km2	that	were	observed).	Note	that	
by	including	realistic	time	and	area	data	from	the	pre‐construction	surveys,	the	relative	influence	of	
the	prior	λ	distribution	on	the	resulting	posterior	λ	distribution	for	exposure	rate	becomes	
negligible.	In	other	words,	with	adequate	sampling,	the	data	will	determine	the	posterior	
distribution,	not	the	prior.	The	posterior	λ	distribution	can	then	be	used	to	estimate	the	annual	
fatality	distribution.	
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In	addition,	this	posterior	λ	distribution	can	now	serve	as	a	prior	distribution	for	the	next	iteration	
of	the	predictive	model	in	an	adaptive	framework	(see	APPENDIX	A),	at	least	for	the	project	under	
consideration	and	potentially	in	a	more	general	way	as	the	posteriors	from	multiple	sites	are	
considered;	in	this	way,	we	build	ongoing	information	directly	into	the	predictive	process.	
	
2.  Collision Probability 
Collision	probability	C	is	the	probability,	given	exposure	(1	minute	of	flight	in	the	hazardous	area,	
),	of	an	eagle	colliding	with	a	turbine;	for	the	purposes	of	the	model,	all	collisions	are	considered	
fatal.		We	based	the	prior	distribution	on	a	Whitfield	(2009)	study	of	avoidance	rates	from	four	
independent	sites.		Averaging	avoidance	from	those	sites	yielded	a	mean	and	standard	deviation	for	
collision	probability	of	0.0058,	0.0038,	respectively	(note	this	is	consistent	with	eagle	avoidance	
rates	in	other	risk	assessment	approaches,	e.g.	99%).		This	in	turn	defined	the	prior	C	distribution	
as:	
	

	 	~	 , ´ ,	with	parameters	ν	and	ν´	of	2.31	and	396.69	(Figure	D‐2).	
	
The	Beta	distribution	is	used	to	describe	values	between	0	and	1	(Gelman	et	al.,1995,	p.	476–477).		
The	prior	C	distribution	attempts	to	include	the	range	of	possible	collision	probabilities	across	the	
set	of	potential	sites	to	be	considered.	
	
	

	
 
Figure D-2. The probability distribution for the collision probability prior, a Beta(2.31, 396.69) distribution 
with a mean of 0.0058 (indicated by the reference line) and a standard deviation of 0.0038.  The distribution 
is positively skewed such that most collision probabilities will be small. 
	
	
At	the	time	of	pre‐construction	permitting,	the	prior	C	distribution	will	be	used	to	estimate	the	
annual	predicted	fatalities.		After	construction,	post‐construction	monitoring	can	be	used	to	
determine	the	posterior	C	distribution	by	updating	the	prior	C	distribution.	
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Assuming	the	observations	of	fatalities	follow	a	binomial	distribution	with	rate	C,	the	posterior	
distribution	of	the	rate	C	will	be	a	beta	distribution	(the	beta	distribution	and	the	binomial	
distribution	are	a	conjugate	pair):	
	

	 	~	 , ´ ,	
	
where	f	is	the	number	of	fatalities	estimated	from	the	Stage	5	post‐construction	monitoring,	and	g	is	
the	estimated	number	of	exposure	events	that	did	not	result	in	a	fatality.		The	posterior	distribution	
for	C	cannot	be	calculated	until	a	project	has	been	built,	has	started	operations,	and	at	least	one	
season	of	post‐construction	monitoring	has	been	completed.		Once	determined,	the	posterior	C	
distribution	can	then	be	used	to	generate	a	prediction	for	annual	fatalities	and	can	serve	as	a	prior	C	
for	the	next	iteration	of	the	predictive	model	(see	APPENDIX	A).	
	
3.  Expansion 
The	expansion	factor	(ε)	scales	the	resulting	per	unit	fatality	rate	(fatalities	per	hr	per	km2)	to	the	
daylight	hours,	τ,	in	1	year	(or	other	time	period	if	calculating	and	combining	fatalities	for	seasons	
or	stratified	areas)	and	total	hazardous	area	(km2)	within	the	project	footprint:	
	

∑ ,	
	
where	nt	is	the	number	of	turbines,	and	δ	is	the	circular	area	centered	at	the	base	of	a	turbine	with	a	
radius	equal	to	the	rotor‐swept	radius	of	the	turbine;	we	define	this	as	the	hazardous	area	
surrounding	a	turbine.	In	this	model,	to	simplify	data	requirements	and	assumptions,	we	consider	
both	eagle	use	and	hazardous	area	as	2‐dimensional	areas,	since	the	height	of	the	sampled	and	
hazardous	areas	are	the	same	(200	m)	and	will	cancel	out	in	the	calculations.	Alternative	models	
that	consider	3‐dimensional	space	could	also	be	considered,	though	the	expansion	factor	should	be	
adjusted	accordingly.		The	units	for	ε	are	hr∙	km2	per	year	(or	time	period	of	interest).	
	
4.  Fatalities 
Now	we	can	generate	the	distribution	of	predicted	annual	fatalities	as	the	expanded	product	of	the	
posterior	exposure	rate	and	the	prior	collision	probability	(once	post‐construction	data	is	available,	
the	posterior	collision	probability	would	be	used	to	update	our	fatality	distribution):	
	

∙ 	 ∙ 	 .	
	
We	can	then	determine	the	mean,	median,	standard	deviation,	and	80%	quantile	(this	will	be	the	
upper	credible	limit)	directly	from	the	distribution	of	predicted	fatalities.	
	
5.  Putting it all together: an example 
The	Patuxent	Power	Company	example	below	illustrates	the	calculation	of	predicted	fatalities	from	
exposure	data	from	a	hypothetical	project	site.		This	data	will	normally	come	from	the	field	surveys	
in	Stage	2,	but	for	the	purposes	of	this	example,	we	have	generated	fabricated	observation	data.		
The	advantage	of	simulating	data	in	such	an	exercise	is	that	we	can	manipulate	model	inputs	to	
critically	evaluate	the	performance	of	the	model.	Additional	examples	are	provided	at	the	end	of	
this	document	to	illustrate	the	general	approach	and	clarify	specific	considerations	that	may	apply	
to	certain	projects.	
	



73 
 

 

a. Patuxent Power Company Example		
Patuxent	Power	Company	conducted	surveys	for	eagles	at	a	proposed	location	for	a	small‐	
to	medium‐sized	wind	facility	(18	turbines,	each	with	a	50	meter	rotor	diameter)	following	
the	recommended	methods	in	the	ECPG	(see	Table	D‐2).		They	conducted	168	counts	at	7	
points	and	60	eagle‐min	of	exposure	were	observed.		Each	count	was	2‐hr	in	duration,	and	
covered	a	circular	area	of	radius	0.8	km.		Thus,	675.6	km2∙hr	were	observed	in	total.	

	
	
	
Table D-2.  Exposure data for Patuxent Power Company example. In this hypothetical example, 168 counts 
were performed.  Each count was 2-hr in duration and covered a 0.8 km radius circle.  Thus, the total time and area 
sampled was 675.6 km2·hr.  In that time, 60 exposure events (eagle-min) were observed. 
 

Visit	 P1	 P2 P3 P4 P5 P6 P7 Total	
1	 0	 0	 2	 0	 2	 0	 1	 5	
2	 0	 0	 1	 0	 0	 0	 1	 2	
3	 0	 1	 2	 0	 0	 0	 1	 4	
4	 0	 1	 0	 0	 0	 1	 1	 3	
5	 0	 1	 0	 1	 0	 1	 1	 4	
6	 0	 0	 1	 1	 0	 0	 1	 3	
7	 0	 1	 0	 0	 0	 1	 1	 3	
8	 0	 0	 0	 0	 0	 1	 0	 1	
9	 0	 0	 0	 0	 0	 0	 0	 0	
10	 0	 0	 0	 0	 0	 0	 0	 0	
11	 1	 0	 1	 1	 0	 0	 0	 3	
12	 0	 1	 0	 0	 1	 0	 0	 2	
13	 0	 0	 1	 0	 0	 0	 1	 2	
14	 2	 0	 0	 0	 0	 0	 2	 4	
15	 0	 0	 0	 2	 2	 0	 1	 5	
16	 0	 0	 0	 1	 0	 0	 0	 1	
17	 0	 0	 0	 2	 0	 0	 0	 2	
18	 1	 0	 1	 1	 0	 0	 0	 3	
19	 0	 0	 0	 1	 0	 2	 0	 3	
20	 0	 0	 2	 0	 1	 0	 0	 3	
21	 0	 0	 0	 0	 1	 0	 0	 1	
22	 1	 0	 0	 0	 0	 0	 1	 2	
23	 1	 0	 0	 3	 0	 0	 0	 4	
24	 0	 0	 0	 0	 0	 0	 0	 0	
Total	 6	 5	 11	 13	 7	 6	 12	 60	
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b. Exposure	
The	posterior	distribution	for	the	exposure	rate	is:	
	

	 	~	 ∝, ,	remember,	
	 	~	 0.97, 2.76 ,	Figure	D1;	where,	

	

	 0.97 60	 	 60.97	 	 	

	
2.76 168	 2	 0.8	 678.31	 ∙ 	

	
Thus,	
	

	 	~	 60.97, 678.31 ;	the	units	for	λ	are	per	hr	per	km2.	
	
The	posterior	distribution	is	shown	in	Figure	D‐3.		The	mean	and	standard	deviation	of	
exposure	rate	are	0.09	and	0.01,	respectively.		Note	that	there	is	little	influence	of	the	prior	
on	this	posterior,	because	the	sampling	effort	was	substantial.	
	
	

	
 
Figure D-3. The posterior distribution for exposure rate for the example project, “Patuxent Power 
Company.”  This gamma distribution has a mean (indicated by the reference line) of 0.09 and a standard deviation of 
0.01. 
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b. Collision Probability 
We	do	not	have	any	additional	information	about	collision	probability,	C,	so	we	will	use	the	
prior	distribution,	which	has	a	mean	of	0.0058	and	a	standard	deviation	of	0.0038:	
	

	 	~	 2.31,396.69 ;	see	Figure	D‐2.	
	
c. Expansion 
The	expansion	rate,	ε,	is	the	number	of	daylight	hours	in	a	year	(τ)	multiplied	by	the	
hazardous	area	(δ)	around	the	18	turbines	proposed	for	the	project:	
	

4,383	 ∙ 0.025	 ∙ 18	 154.9	 ∙ .	
	
d. Fatalities 
To	determine	the	distribution	for	the	predicted	annual	fatalities,	the	exposure	and	collision	
risk	distributions	need	to	be	multiplied	by	each	other	and	expanded.		The	resulting	
distribution	cannot	be	calculated	in	closed	form;	it	is	easiest	to	generate	it	through	
simulations.		In	this	example,	after	running	100,000	simulations,	the	predicted	distribution	
for	annual	fatalities	(Figure	D‐4)	has	a	mean	of	0.082	and	a	standard	deviation	of	0.055.		
The	80%	quantile	is	0.12	eagle	fatalities	per	year.	
	

	

	
Figure D-4.  The probability distribution for predicted annual fatalities. The histogram shows the simulation 
results. The mean (0.082) and 80% quantile (0.12) are represented by the reference lines (black and gray, 
respectively).  The standard deviation is 0.055. 
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The	Service’s	baseline	model	for	the	proposed	Patuxent	wind	facility	predicts	that	80%	of	
the	time	that	annual	fatalities	would	be	0.12	eagles	or	fewer,	suggesting	that	an	eagle	
collision	fatality	would	be	predicted	to	occur	at	the	project	site	every	8‐9	years	on	average.	
The	facility	had	a	medium	amount	of	eagle	activity	at	the	site,	but	the	small	size	of	the	
project	kept	the	predicted	fatality	numbers	lower	than	they	would	have	been	for	a	larger	
project	in	the	same	location.	Ideally,	we	would	consider	other	candidate	models	alongside	
the	baseline	model	presented	here	and	compare	their	relative	performance	using	data	
collected	in	Stage	5.	

	
6.  Additional Considerations 
This	initial	estimate	of	fatality	rate	should	not	take	into	account	possible	conservation	measures	
and	ACPs	(e.g.	changes	in	turbine	siting	or	seasonal	curtailments);	these	will	be	factored	in	as	part	
of	Stage	4	(APPENDIX	E).		Additionally,	any	loss	of	production	that	may	stem	from	disturbance	is	
not	considered	in	these	calculations,	but	should	be	added	to	these	estimates	and	later	adjusted	
based	on	post‐construction	monitoring	as	described	in	Stage	5.		This	stage	and	Stage	5	of	the	ECP	
will	require	close	coordination	between	the	project	developer	or	operator	and	the	Service.	
	

a. Small-scale Projects 
Small‐scale	projects	(generally	these	will	be	residential	or	small‐business	projects)	may	
pose	a	low	enough	risk	that	Stage	2	surveys	are	unnecessary	to	demonstrate	that	the	
project	is	not	likely	not	take	eagles.	This	presumes	that	Stage	1	surveys	are	conducted	and	
show	no	important	eagle	use	areas	or	migration	concentration	sites	in	the	project	area.		In	
such	cases,	the	fatalities	predicted	by	the	collision	fatality	model	are	the	expanded	product	
of	the	exposure	prior	and	the	collision	probability	prior;	the	exposure	prior	is	not	updated	
to	create	a	posterior	as	it	would	be	for	projects	with	survey	data	(Figure	D‐5).	With	the	
prior	distributions	currently	used	for	exposure	rate	and	collision	probability	(note	that	the	
parameters	for	the	priors	distributions	are	part	of	the	adaptive	management	framework	
and	will	change	as	new	information	becomes	available),	the	80	percent	quantile	of	the	
predicted	fatality	distribution	for	projects	with	less	than	approximately	2.4x10‐3	km2	of	
hazardous	area	predicts	fatalities	at	a	rate	less	than	1	eagle	in	30	years	(not	likely	to	take	
eagles).	This	is	equivalent	to	a	single	turbine	with	a	rotor	diameter	of	approximately	55	m,	
or	more	than	45	turbines	with	8	m	rotor	diameter	(each	of	which	has	the	capacity	to	exceed	
typical	home	energy	needs).		The	calculation	of	hazardous	area	is	presented	in	this	
Appendix	under	‘Expansion’.	If	the	collision	model	prediction	based	on	the	exposure	prior	
predicts	that	take	of	eagles	will	occur	(e.g.,	if	the	hazardous	area	is	greater	than	2.4x10‐3	
km2),	Stage	2	preconstruction	sampling	for	eagle	use	of	the	project	area	is	recommended	
(see	APPENDIX	C).	The	data	from	Stage	2	surveys	will	be	used	to	update	the	exposure	prior	
distribution	and	produce	a	project‐specific	fatality	prediction.	Projects	are	encouraged	to	
consult	with	the	Service	early	in	the	planning	process	as	components	of	the	fatality	
prediction	model	will	continue	to	evolve	and	may	change	over	time.	
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Figure D-5. Predicted fatalities for projects with small hazardous areas based on the prior-only collision fatality 
model; projects with less than 2.4x10-3 km2 hazardous area are predicted to take less than 1 eagle in 30 years.	 
	
	
The	Service	is	working	on	the	development	of	additional	tools	to	assist	project	developers	or	
operators	with	estimating	predicted	fatalities	given	different	inputs	and	allowing	for	the	flexibility	
to	incorporate	other	factors	into	additional	candidate	models.	We	encourage	project	developers	or	
operators	to	begin	coordinating	with	the	Service	early	in	the	process	(Stage	1	or	Stage	2)	so	that	we	
can	collaboratively	develop	a	suite	of	candidate	models	to	consider.	
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APPENDIX E: STAGE 4 – AVOIDANCE AND MINIMIZATION OF RISK USING ACPS AND OTHER 
CONSERVATION MEASURES, AND COMPENSATORY MITIGATION 

	
The	most	important	factor	when	considering	potential	effects	to	eagles	is	the	siting	of	a	wind	
project.		Based	on	information	gathered	in	Stage	2	and	analyzed	in	Stage	3,	the	project	developer	or	
operator	should	revisit	the	site	categorization	from	the	Stage	1	assessment	to	determine	if	the	
site(s)	still	falls	into	an	acceptable	category	of	risk	(at	this	stage,	acceptable	categories	are	2	and	3,	
and	very	rarely	1).		When	information	suggests	that	a	proposed	wind	project	has	a	high	eagle	
exposure	rate	and	presents	multiple	risk	factors	(e.g.,	is	proximate	to	an	important	eagle‐use	area	
or	migration	concentration	site		and	Stage	2	data	suggest	eagles	frequently	use	the	proposed	wind‐
project	footprint),	it	should	be	considered	a	category	1	site;	we	recommend	relocating	the	project	
to	another	area	because	a	location	at	that	site	would	be	unlikely	to	meet	the	regulatory	
requirements	for	a	programmatic	permit.		If	the	site	falls	into	categories	2	or	3,	or	rarely	some	
category	1	sites	where	there	is	potential	to	adequately	abate	risk,	the	ECP	should	next	address	
conservation	measures	and	ACPs	that	might	be	employed	to	minimize	or,	ideally,	avoid	eagle	
mortality	and	disturbance.		To	meet	regulatory	requirements,	ACPs,	if	available,	must	be	employed	
such	that	any	remaining	eagle	take	is	unavoidable.	
	
In	this	section	of	the	ECP,	we	recommend	project	developers	or	operators	re‐run	models	predicting	
eagle	fatality	rates	after	implementing	conservation	measures	and	available	ACPs	for	all	the	
plausible	alternatives.		This	re‐analysis	serves	two	purposes:	(1)	it	demonstrates	the	degree	to	
which	minimization	and	avoidance	measures	might	reduce	effects	to	eagle	populations	compared	
to	the	baseline	project	configuration,	and	(2)	it	provides	a	prediction	of	unavoidable	eagle	
mortality.	Conservation	measures	and	ACPs	should	be	tailored	to	specifically	address	the	risk	
factors	identified	in	Stage	3	of	the	ECP.		This	section	of	the	ECP	should	describe	in	detail	the	
measures	proposed	to	be	implemented	and	their	expected	results.	
	
The	Service	does	not	advocate	the	use	of	any	particular	conservation	measures	and	merely	
provides	the	below	list	as	examples.		Moreover,	at	this	time	none	of	these	measures	have	been	
approved	as	ACPs	for	wind	projects.		Ultimately,	project	developers	or	operators	will	propose	and	
implement	site	specific	conservation	measures	and	ACPs	(as	they	become	available)	in	cooperation	
with	local	Service	representatives	in	order	to	meet	the	regulatory	standard	of	reducing	any	
remaining	take	to	a	level	that	is	unavoidable.	
	
Examples	of	conservation	measures	that	could	be	considered	before	and	during	project	
construction,	depending	on	the	specific	risk	factors	involved,	include:	

1. Minimize	the	area	and	intensity	of	disturbances	during	pre‐construction	and	construction	
periods.	

2. Prioritize	locating	development	on	lands	that	provide	minimal	eagle	use	potential	including	
highly	developed	and	degraded	sites.	

3. Utilize	existing	transmission	corridors	and	roads.	
4. Set	turbines	back	from	ridge	edges.	
5. Site	structures	away	from	high	eagle	use	areas	and	the	flight	zones	between	them.	
6. Dismantle	nonoperational	meteorological	towers.	
7. Bury	power	lines	to	reduce	avian	collision	and	electrocution.	
8. Follow	the	Avian	Power	Line	Interaction	Committee	(APLIC)	guidance	on	power	line	

construction	and	design	(APLIC	2006).	
9. Minimize	the	extent	of	the	road	network.	
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10. Avoid	the	use	of	structures,	or	remove	existing	structures,	that	are	attractive	to	eagles	for	
perching.	

11. Avoid	construction	designs	(including	structures	such	as	meteorological	towers)	that	
increase	the	risk	of	collision,	such	as	guy	wires.		If	guy	wires	are	used,	mark	them	with	bird	
flight	diverters	(according	to	the	manufacturer’s	recommendation).	

12. Avoid	siting	turbines	in	areas	where	eagle	prey	are	abundant.	
13. Avoid	areas	with	high	concentrations	of	ponds,	streams,	or	wetlands.	

	
Examples	of	avoidance	and	minimization	measures	that	could	be	considered	during	project	
operation,	depending	on	the	specific	risk	factors	involved,	include:	
	

1. Maintain	facilities	and	grounds	in	a	manner	that	minimizes	any	potential	impacts	to	eagles	
(e.g.	minimize	storage	of	equipment	near	turbines	that	may	attract	prey,	avoid	seeding	forbs	
below	turbines	that	may	attract	prey,	etc.).	

2. Avoid	practices	that	attract/enhance	prey	populations	and	opportunities	for	scavenging	
within	the	project	area.	

3. Take	actions	to	reduce	vehicle	collision	risk	to	wildlife	and	remove	carcasses	from	the	
project	area	(e.g.	deer,	elk,	livestock,	etc.).	

4. Instruct	project	personnel	and	visitors	to	drive	at	low	speeds	(<	25	mph)	and	be	alert	for	
wildlife,	especially	in	low	visibility	conditions.	

	
When	post‐construction	fatality	information	becomes	available,	the	project	developer	or	operator	
and	the	Service	should	consider	implementing	all	or	a	subset	of	the	additional	conservation	
measures	and	experimental	ACPs	that	were	considered	at	the	time	the	permit	was	issued	(see	
ASSESSING	RISK	AND	EFFECTS,	3b.	General	Approach	to	Address	Risks	in	the	ECPG).	
	
Examples	of	experimental	ACPs	that	could	be	identified	initially	or	after	evaluation	of	post‐
construction	fatality	monitoring	data,	depending	on	the	specific	risk	factors	involved,	include:	
	

1. Seasonal,	daily,	or	mid‐day	shut‐downs	(particularly	relevant	in	situations	where	eagle	
strikes	are	seasonal	in	nature	and	limited	to	a	few	turbines,	or	occur	at	a	particular	time	of	
day).	

2. Turbine	removal	or	relocation.	
3. Adjusting	turbine	cut‐in	speeds.	
4. Use	of	automated	detection	devices	(e.g.	radar,	etc.)	to	control	the	operation	of	turbines.	

	
	
Literature Cited 
Avian	Power	Line	Interaction	Committee	(APLIC).		2006.		Suggested	practices	for	avian	protection	

on	power	lines:	the	state	of	the	art	in	2006.	Edison	Electric	Institute,	APLIC,	and	the	California	
Energy	Commission.	Washington	D.C.	and	Sacramento,	CA,	USA.	http://www.aplic.org/	
SuggestedPractices2006(LR‐2watermark).pdf.	
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APPENDIX F: ASSESSING PROJECT-LEVEL TAKE AND CUMULATIVE EFFECTS ANALYSES 
	
The	Service	is	required	to	evaluate	and	consider	the	effects	of	programmatic	take	permits	on	eagles	
at	the	eagle	management	unit,	local‐area,	and	project‐area	population	scales,	including	cumulative	
effects,	as	part	of	its	permit	application	review	process	(50	CFR	22.26	(f)(1)	and	USFWS	2009).		The	
Service	will	rely	on	information	a	developer	provides	from	the	Stage	1	and	Stage	2	assessments,	as	
well	as	all	other	available	information	on	mortality	and	other	population‐limiting	effects	at	the	
various	population	scales,	when	preparing	its	cumulative	impact	assessment.	The	Service’s	NEPA	
on	the	Eagle	Permit	Rule	evaluated	and	set	sustainable	take	levels	at	the	eagle	management	unit	
scale	(USFWS	2009).		However,	that	NEPA	analysis	did	not	assess	impacts	at	other	population	
scales.		A	significant	part	of	the	cumulative	effects	evaluation	is	assessing	the	effect	of	the	proposed	
take	in	combination	with	take	caused	by	previously	authorized	actions	and	reasonably	foreseeable	
future	actions	on	the	local‐area	eagle	population(s),	and	it	is	this	analysis	that	is	the	focus	of	this	
appendix.	
	
The	purpose	of	this	part	of	the	cumulative	effects	evaluation	is	to	identify	situations	where	take,	
either	at	the	individual	project	level	or	in	combination	with	other	authorized	or	foreseeable	future	
actions	and	other	limiting	factors	at	the	local‐area	population	scale,	may	be	approaching	levels	that	
are	biologically	problematic	or	which	cannot	reasonably	be	offset	through	compensatory	
mitigation.		In	previous	assessments	of	the	effect	of	falconry	take	on	raptor	populations	(Millsap	
and	Allen	2006),	the	Service	identified	annual	take	levels	of	5%	of	annual	production	to	be	
sustainable	for	a	range	of	healthy	raptor	populations,	and	annual	take	levels	of	1%	of	annual	
production	as	a	relatively	benign	harvest	rate	over	at	least	short	intervals	when	population	status	
was	uncertain.		This	approach	was	used	to	establish	take	thresholds	at	the	eagle	management	unit	
scale	(USFWS	2009).		The	Service	considered	several	alternatives	for	benchmark	harvest	rates	at	
the	local‐area	population	scale,	and	after	comparative	evaluation	identified	take	rates	of	between	
1%	and	5%	of	the	estimated	total	eagle	population	size	at	this	scale	as	significant,	with	5%	being	at	
the	upper	end	of	what	might	be	appropriate	under	the	BGEPA	preservation	standard,	whether	
offset	by	compensatory	mitigation	or	not.		These	local‐area	harvest	rate	benchmarks	are	overlain	
by	the	more	conservative	take	thresholds	for	the	eagle	management	units,	so	the	overall	harvest	
rate	at	the	eagle	management	unit	scale	should	not	exceed	levels	established	in	the	Final	
Environmental	Assessment	(USFWS	2009).	
	
The	Service	recommends	a	top‐down	approach	for	this	assessment:	(1)	identify	numbers	of	eagles	
that	may	be	taken	safely	at	the	national	level	(i.e.,	a	national‐level	benchmarks);	(2)	allocate	take	
opportunities	among	regional	eagle	management	units	(USFWS	2009)	as	a	function	of	the	
proportion	of	eagles	in	each	unit	(i.e.,	regional‐level	benchmarks);	(3)	further	allocate	take	
opportunities	to	the	local‐area	population	scale	as	a	function	of	inferred	eagle	population	size	at	
that	scale	(assuming,	in	the	absence	of	better	data	on	eagle	distribution	at	the	scale	of	the	eagle	
management	unit,	a	uniform	distribution	of	that	population);	and	(4)	incorporating	benchmarks	
that	can	be	used	to	assess	the	likely	sustainability	of	predicted	levels	of	take	at	the	local‐area	scale.		
Through	a	spatial	accounting	system,	permitted	take	is	managed	to	ensure	that	the	benchmarks	
also	consider	cumulative	effects	at	the	local‐area	eagle	population	scale	as	a	guard	against	
authorizing	excessive	take	at	this	scale.	
	
In	Table	F‐1,	we	work	through	this	approach	using	the	hypothetical	example	of	eight	individual	yet	
identical	projects,	one	in	each	bald	eagle	management	unit.		Each	of	these	projects	has	a	314	mi2	
footprint,	and	affects	a	local‐area	bald	eagle	population	over	8824	square	mile	(mi2)	area.		For	this	
example,	we	use	a	take	rate	of	5%	of	the	local‐area	bald	eagle	population	per	year	as	the	maximum	
acceptable	take	rate.		In	this	example,	the	5%	benchmark	take	rate	over	the	eight	projects	is	150	
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individual	bald	eagles	per	year,	and	the	range	of	allowable	take	rates	at	this	scale	varies	across	
management	units	from	<1	bald	eagle	per	year	in	the	southwest	to	67	per	year	in	Alaska.		Table	F‐2	
provides	population	and	eagle	management	unit	area	statistics	for	golden	eagles	to	aid	in	
performing	these	calculations	for	that	species.	
	
As	noted	above,	in	cases	where	the	local‐area	eagle	populations	of	proximate	projects	overlap,	the	
overlap	should	be	taken	into	account	in	a	cumulative	effects	analysis	so	that	the	cumulative	take	on	
the	local‐area	population	scale	can	be	considered	against	population	benchmarks.		Figure	F‐1	
illustrates	one	method	to	do	this,	and	Table	F‐3	provides	the	calculations	for	this	example.		These	
examples	use	bald	eagles,	but	the	same	concept	and	approach	can	be	used	for	golden	eagles,	with	
Bird	Conservation	Regions	(BCRs)	defining	the	eagle	management	units.		The	example	in	Figure	F‐1	
involves	bald	eagles	in	Region	3.		Project	1	(in	green)	has	a	footprint	of	41	miles2	(mi2),	and	affects	a	
local‐area	bald	eagle	population	over	6854	mi2	(light	green	buffer	around	the	project	footprint).		
Following	the	approach	in	Table	F‐1,	project	1	was	issued	a	programmatic	take	permit	with	a	
maximum	annual	project‐level	take	of	21	bald	eagles	per	year	(see	Table	F‐3).		Project	2	(in	red,	the	
same	size	as	project	1)	applied	for	a	programmatic	eagle	take	permit	5	years	later.		The	calculated	
project‐level	bald	eagle	take	for	project	2	is	20	bald	eagles	per	year,	but	under	the	5%	benchmark,	
maximum	take	for	1563	mi2	of	project	2’s	local‐area	bald	eagle	population	(totaling	5	bald	eagles	
per	year)	was	already	allocated	to	project	1	(the	hatched‐marked	area	of	overlap	between	the	local	
areas	of	project	1	and	project	2).		Therefore,	the	calculated	local‐area	bald	eagle	take	for	project	2	
exceeds	the	5%	benchmark.		Thus,	the	decision‐maker	for	the	permit	for	project	2	should	carefully	
consider	whether	this	project	can	be	permitted	as	designed	under	the	requirements	of	our	
regulations	at	50	CFR	22.26.	
	
The	examples	assume	acceptable	compensatory	mitigation	opportunities,	when	they	are	required,	
are	limitless.		They	are	not,	and	where	compensatory	mitigation	is	necessary	to	offset	the	permitted	
take,	the	availability	of	compensatory	mitigation	can	become	the	proximate	factor	limiting	take	
opportunities.	
	
A	critical	assumption	of	this	approach	is	that	eagle	density	is	uniform	across	eagle	regions.		The	
potential	consequence	of	this	assumption	is	to	over	protect	eagles	in	areas	of	high	density	and	
under	protect	them	in	areas	of	low	density.		As	the	Service	and	others	develop	more	reliable	models	
for	predicting	the	distribution	of	eagles	within	regional	management	populations	at	finer	scales,	
these	approaches	should	be	used	in	place	of	an	assumption	of	uniform	distribution	in	the	analyses	
suggested	here.	
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Table F-1.  Example of the proposed method to calculate local-area annual eagle take benchmarks.  The 
example uses bald eagles (BAEA), and is based on a hypothetical scenario where a single project with a circular 
footprint of 10-mile radius is proposed in each BAEA region.  See Figure F-1 for an example of how to assess the 
cumulative effects of such permitted take over the local-area population. 
	

BAEA	
Management	

Unit	

Estimated	
Population	

Sizea	

Region	
Size	(mi2)	

Maximum	
Take	Rate	
(%	local‐
area	

population	
per	year)b	

Management	
Unit	Eagle	
Density	

(BAEA/	mi2)c	

Local	
Area	
(mi2)d	

Local‐area	
5%	

Benchmark	
(eagles	per	
year)e	

R1	 7105	 245336	 5.0	 0.029	 8824	 13	

R2	 797	 565600	 5.0	 0.001	 8824	 >1	

R3	 27617	 447929	 5.0	 0.062	 8824	 27	

R4	 13111	 464981	 5.0	 0.028	 8824	 12	

R5	 14021	 237687	 5.0	 0.059	 8824	 26	

R6	 5385	 732395	 5.0	 0.007	 8824	 3	

R7	 86550	 570374	 5.0	 0.152	 8824	 67	

R8	 889	 265779	 5.0	 0.003	 8824	 1	

Sum	 155474	 150	

	
a	Taken	directly	from	USFWS	(2009).	
b	A	take	rate	of	5%	is	the	Service’s	upper	benchmark	for	take	at	the	local‐area	population	scale.	
c	Management	unit	eagle	density	=	population	size	/	management	unit	size.	
d	The	local‐area	for	this	example	is	the	project	footprint	(in	this	case,	a	circle	with	radius	of	10	miles)	plus	a	
buffer	of	43	additional	miles	(43	miles	is	the	average	natal	dispersal	distance	for	the	BAEA)		=	3.142	*	532	.	
e	The	local‐area	5%	benchmark	=	(Local‐area*Regional	Eagle	Density)*0.05.	
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Table F-2.  Background information necessary to estimate the local-area take benchmarks for golden 
eagles (GOEA).  Columns are as in Table F-1.  The local-area for golden eagles, which is not used in this table, is 
calculated using the median natal dispersal distance of 140 miles (USFWS 2009). 
 

GOEA	Management	Unit	
BCR	

Number	

Estimated	
Population	

Sizea	

BCR	Size	
(mi2)b	

Management	Unit	
Eagle	Density	
(GOEA	per	mi2)	

Alaska	 2400 557007 0.0043	
Northern	Pacific	Rainforest	 5 108 68777 0.0016	
Prairie	Potholes	 11 1680 160794 0.0104	
Sierra	Nevada	 15 84 20414 0.0041	
Shortgrass	Prairie	 18 1080 148540 0.0073	
Coastal	California	 32 960 63919 0.0150	
Sonoran	and	Mojave	Desert	 33 600 95593 0.0063	
Sierra	Madre	Occidental	 34 360 47905 0.0075	
Chihuahuan	Desert	 35 720 72455 0.0099	
Great	Basin	 9 6859 269281 0.0255	
Northern	Rockies	 10 6172 199666 0.0309	
Southern	Rockies	and	
Colorado	Plateau	 16	 3770	 199522	 0.0189	

Badlands	and	Prairies	 17 7800 141960 0.0549	

Sum 32593	
	

a	Taken	directly	from	USFWS	2009.	
b	BCR	area	values	are	from	the	North	American	Bird	Conservation	Region	website	at:	http://www.bsc‐
eoc.org/international/bcrmain.html	(last	visited	8	December	2011).	
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Figure F-1.  Example of the proposed method for ensuring local-area take benchmarks are not exceeded 
through the cumulative take authorized over multiple projects.  Project 1 is in green, project 2 is in red, and 
the overlap in their local-area eagle bald eagle populations is the hatched-marked area (see text).  This same 
approach could be used to assess the cumulative effects of other forms of take and anthropomorphic impacts for 
which data on population effects are available. 
	 	

60 0 60 120 Miles

Project 1 

Project 2 
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Table F-3.  Calculations used to determine local-area bald eagle take for the example in Fig. F-1, where 
project 1 is first-in-time, and the local-area bald eagle (BAEA) populations for the two projects overlap.  
Calculations are as described in the footnotes to table F-1. 
	

Project	

Region	3	
BAEA	

Population	
Size	

Region	
Size	
(mi2)	

Maximum	
Take		Rate	
(%	local‐
area	

population	
per	year)b	

Regional	
Eagle	
Density	
(BAEA	
per	mi2)	

Local‐
area	
(mi2)	

Local‐area	
5%	

Benchmark	
(eagles	per	
year)e	

Project	1	(first‐
in‐time)	

27617	 447929 5.0	 0.062	 6854	 21	

Project	2,	
unadjusted	

27617	 447929 5.0	 0.062	 6550	 20	

Overlap	Area	 27617	 447929 5.0	 0.062	 1562	 5	
Project	2,	
adjusted	

27617	 447929 5.0	 0.062	 13404	 15	
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APPENDIX G: EXAMPLES USING RESOURCE EQUIVALENCY ANALYSIS TO ESTIMATE THE 
COMPENSATORY MITIGATION FOR THE TAKE OF GOLDEN AND BALD EAGLES FROM WIND 

ENERGY DEVELOPMENT 
 
1.  Introduction	
This	appendix	provides	Resource	Equivalency	Analysis	(REA)	examples	developed	by	the	Service	to	
illustrate	the	calculation	of	compensatory	mitigation	for	the	annual	loss	of	golden	(GOEA)	eagles	
and	bald	(BAEA)	eagles	caused	by	wind	power	if	conservation	measures	and	ACPs	do	not	remove	
the	potential	for	take,	and	the	projected	take	exceeds	calculated	thresholds	for	the	species	or	
management	population	affected.		These	examples	result	in	estimates	of	the	number	of	high‐risk	
electric	power	poles	that	would	need	to	be	retrofitted	per	eagle	taken	based	on	the	inputs	provided	
below.		Detailed	explanatory	documentation,	literature,	and	supporting	REA	spreadsheets	are	now	
located	at:	www.fws.gov/windenergy/index.html	
	
As	a	framework	for	compensatory	mitigation,	it	needs	to	be	clear	that	the	results	provided	below	
are	an	illustration	of	how	REA	works	given	the	current	understanding	of	GOEA	and	BAEA	life	
history	inputs,	effectiveness	of	retrofitting	high‐risk	electric	power	poles,	the	expected	annual	take,	
and	the	timing	of	both	the	eagle	take	permit	and	implementation	of	compensatory	mitigation.		As	
would	be	expected,	the	estimated	number	of	eagle	fatalities	and	the	permit	renewal	period	affect	
the	number	of	poles	to	be	retrofitted.		Delays	in	retrofitting	would	lead	to	more	retrofitted	poles	
owed.		New	information	on	changes	in	the	level	of	take,	understanding	of	the	eagle	life	history,	or	
effectiveness	of	retrofitting	could	be	used	to	change	the	number	of	retrofitted	poles	needed	for	
compensation.		Finally,	while	only	electric	pole	retrofitting	is	presented	here	in	detail,	the	REA	
metric	of	bird‐years	lends	itself	to	consideration	of	other	compensatory	mitigation	options	to	
achieve	the	no‐net‐loss	standard	in	the	future.		With	enough	reliable	information,	any	
compensatory	mitigation	that	directly	leads	to	an	increased	number	of	GOEA	and	BAEA	(e.g.,	
habitat	restoration)	or	the	avoided	loss	of	these	eagles	(e.g.,	reducing	vehicle/eagle	collisions,	
making	livestock	water	tanks	‘eagle‐safe’,	lead	ammunition	abatement,	etc.)	could	be	considered	for	
compensation	within	the	context	of	the	REA.	
	
2.  REA Inputs	
The	best	available	peer‐reviewed,	published	data	are	provided	in	Tables	G‐1	and	G‐2.		It	should	be	
noted	that	additional	modeling	work	within	the	REA	may	be	needed,	particularly	on	issues	related	
to	migration,	adult	female	survivorship,	natal	dispersal,	age	at	first	breeding,	and	population	sex	
ratio.	
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Table G-1.  EXAMPLE INPUTS. REA Inputs to Develop a Framework of Compensatory Mitigation for Potential Take 
of GOEA from Wind Energy Development 
	

Parameter	 REA	Input	 Reference	

Start	year	of	permit	 2012	 Example.	
Length	of	permit	renewal	

period	
5	years	 Example.	

Estimated	take	 1	eagle/year	 Example.	

Average	maximum	
lifespan	

30	years	
28	years,	3	months,	USGS	Bird	Banding	

Lab.	
Consistent	with	Cole	(2010)	approach.	

Age	distribution	of	birds	
killed	at	wind	facilities	

(based	on	age	
distribution	of	GOEA	

population)	

(0‐1)	
(1‐4)	
(4‐30)	

20%	
35%	
45%	

 20%	juveniles	(age	class	(0‐1))	
 35%	sub‐adults	(11.67%	for	each	age	
class	from	age	class	(1‐2)	through	age	

class	(3‐4))	
 45%	adults	(1.73%	for	each	age	class	
from	age	class	(4‐5)	through	age	class	

(29‐30))	
Assume	age	class	is	distributed	evenly	
over	time.		Age	distribution	derived	

from	models	presented	in	USFWS	2009.	

Age	start	reproducing	
Age	5

[age	class	(5‐6)]	
Steenhof	et	al.	1984;	Kochert	et	al.	2002	

Expected	years	of	
reproduction	

25	years	 =	(Maximum		Lifespan)	–	(Age	Start	
Reproducing)		(Harmata	2002)	

%	of	adult	females	that	
reproduce	annually	

80%	 Steenhof	et	al.	1997	

Productivity	(mean	
number	of	individuals	

fledged	per	occupied	nest	
annually)	

0.61	 USFWS	2009	

year	0‐1	survival	 61%

USFWS	2009	
year	1‐2	survival	 79%
year	2‐3	survival	 79%
year	3‐4	survival	 79%
year	4+	survival	 90.9%

Relative	productivity	of	
mitigation	option	

0.0036	eagle	
electrocutions/pole/year

Example.	 Compensatory	mitigation	
involves	retrofitting	high‐risk	electric	
power	poles,	thus	avoiding	the	loss	of	
GOEA	from	electrocution	(Lehman	et	al.	

2010).	

Discount	rate	 3%	

A	3%	discount	rate	is	commonly	used	
for	valuing	lost	natural	resource	

services	(Freeman	1993,		Lind	1982,		
NOAA	1999;	and	court	decisions	on	

damage	assessment	cases)	
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Table G-2.  EXAMPLE INPUTS.  REA Inputs to Develop a Framework of Compensatory Mitigation for Potential Take 
of BAEA from Wind Energy Development 
	

Parameter	 REA	Input	 Reference	

Start	year	of	permit	 2011	 Example.	
Length	of	permit	
renewal	period	

5	years	 Example.	

Estimated	take	 1	eagle/year	 Example.	

Average	maximum	
lifespan	

30	years	
32	years	10	months;	Longevity	record	
from	USGS	Bird	Banding	Lab.		Consistent	
with	Cole	(2010)	approach.	

Age	distribution	of	
birds	killed	at	wind	
facilities	(based	on	age	
distribution	of	BAEA	
population)	

(0‐1)	
(1‐4)	
(4‐30)	

15.4%	
30%	
54.6%	

 15.4%	juveniles	(age	class	(0‐1))	
 30%	sub‐adults	(10%	for	each	age	
class	from	age	class	(1‐2)	through	age	
class	(3‐4))	

 54.6%	adults	(2.1%	for	each	age	class	
from	age	class	(4‐5)	through	age	class	
(29‐30))	

Assume	age	class	is	distributed	evenly	
over	time.		Age	distribution	derived	
from	models	presented	in	USFWS	2009.	

Age	start	reproducing	
Age	5

[age	class	(5‐6)]	 Buehler	2000	

Expected	years	of	
reproduction	 25	years	

=	(Maximum	Lifespan)	–	(Age	Start	
Reproducing)	

%	of	adult	females	that	
reproduce	annually	

42%	 Hunt	1998,	per.	comm.	Millsap	

Productivity	 1.3 Millsap	et	al. 2004
year	0‐1	survival	 77%

Millsap	et	al.	2004	
year	1‐2	survival		 88%
year	2‐3	survival		 88%
year	3‐4	survival	 88%
year	4+	survival			 83%

Relative	productivity	of	
mitigation	option	

0.0036	eagle	
electrocutions/pole/year	

Example. 	Mitigation	involves	
retrofitting	high‐risk	electric	power	
poles,	thus	avoiding	the	loss	of	BAEA	
from	electrocution	(Lehman	et.	al	2010).

Discount	rate	 3%	

A	3%	discount	rate	is	commonly	used	
for	valuing	lost	natural	resource	
services	(Freeman	1993;	Lind	1982;	
NOAA	1999;	and	court	decisions	on	
damage	assessment	cases).	
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3.  REA Example – WindCoA 
The	Service	developed	the	following	hypothetical	scenario	for	permitting	and	compensatory	
mitigation	to	be	applied	to	the	take	of	GOEA1		from	wind	power	operations:	
	
WindCoA	conducted	three	years	of	pre‐construction	surveys	to	determine	relative	abundance	of	
GOEA	at	their	proposed	wind	project	in	Texas.		The	survey	data	was	then	used	to	populate	a	risk	
assessment	model	to	generate	an	eagle	fatality	estimate.		The	initial	fatality	estimate	of	two	eagles	
per	year	was	further	reduced	after	WindCoA	implemented	a	few	mutually	agreed	upon	ACPs.		The	
final	fatality	estimate	generated	from	the	risk	assessment	model,	after	consideration	of	the	
advanced	conservation	practices,	was	an	annual	take	of	one	GOEA	per	year	over	the	life	of	the	
permit	starting	in	2012.	
	
WindCoA	decided	to	conduct	an	REA	to	determine	the	number	of	high‐risk	power	poles	that	would	
need	to	be	retrofitted	to	get	to	no‐net‐loss.		The	company	used	the	Service’s	GOEA	REA	inputs	and	
assumed	the	power	pole	retrofit	would	occur	in	calendar	year	2012,	thus	offsetting	the	potential	
loss	of	eagles	at	the	newly	operating	wind	project	with	avoidance	of	electrocution	of	an	equal	
number	of	GOEA.		Through	proper	operation	and	maintenance	(O&M),	the	retrofitted	poles	are	
assumed	to	be	effective	in	avoiding	the	loss	of	eagles	for	10	years.		The	results	of	the	model	are	
expressed	in	the	total	number	of	electric	power	poles	to	be	retrofitted	to	equate	to	no‐net‐loss	of	5	
eagles	for	the	5‐year	permit	renewal	period	(1	eagle	annually	over	five	years).		These	results	are	
extrapolated	over	the	expected	operating	life	of	the	wind	project,	which	is	assumed	to	be	30	years,	
for	a	total	take	of	30	eagles.	
	
The	results	of	the	REA	indicated	that	WindCoA	needed	to	retrofit	approximately	149	power	poles	
for	the	first	5‐year	permit	period	(see	Table	G‐3).		Using	an	estimated	cost	of	$7500/pole,	the	
Service	estimated	that	WindCoA	could	contribute	$1,117,500	to	a	third‐party	mitigation	account	or	
contract	the	retrofits	directly.		After	determining	that	they	could	fund	the	retrofits	directly	at	a	
lower	cost,	WindCoA	decided	to	partner	with	UtilityCoB	to	get	the	required	number	of	poles	
retrofitted.		UtilityCoB	had	previously	conducted	a	risk	assessment	of	their	equipment	and	had	
identified	high‐risk	poles	that	were	likely	to	take	golden	eagles.		Through	a	written	agreement,	
WindCoA	provided	funding	to	UtilityCoB	to	retrofit	the	required	number	of	power	poles	and	
maintain	the	retrofits	for	10	years.		In	addition,	WindCoA	contracted	with	ConsultCoC	to	perform	
effectiveness	monitoring	of	the	retrofitted	power	poles	for	2	years.		The	contract	required	that	
ConsultCoC	visit	each	retrofitted	power	pole	every	4	months	(quarterly)	to	perform	fatality	
searches	and	check	for	proper	operation	and	maintenance	of	the	equipment.		The	Service	reviewed	
the	compensatory	mitigation	project	proposed	by	WindCoA	and	found	it	to	be	consistent	with	
requirements	at	50	CFR	22.26.		After	reviewing	the	signed	contract	between	WindCoA,	UtilityCoB,	
and	ConsultCoC,	the	Service	issued	a	programmatic	eagle	take	permit	to	WindCoA.	
	

a. REA Language and Methods 
As	discussed	in	greater	detail	in	documents	on	the	supporting	website,	this	REA	includes:	
	

 The	direct	loss	of	GOEA/BAEA	eagles	from	the	take	(debit	in	bird‐years);	
 The	relative	productivity	of	retrofitting	high‐risk	power	poles,	which	is	the	

effectiveness	in	avoiding	the	loss	of	GOEA/BAEA	by	electrocution	as	a	mitigation	
offset	(measured	in	total	bird‐years	per	pole);	and	

                                                 
1 Using the inputs provided in Table G-2, this scenario may also be applied to BAEA. 
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 	The	mitigation	owed,	which	is	the	total	debit	divided	by	the	relative	productivity	
(scaling)	to	identify	the	number	of	high‐risk	power	poles	that	need	retrofitting	to	
completely	offset	the	take	of	GOEA/BAEA	eagles	(credit).	

	
There	are	up	to	16	steps	when	conducting	a	REA.		Depending	on	whether	foregone	future	
reproduction	(part	of	the	debit)	is	included,	there	are	up	to	13	total	steps	involved	in	
calculating	the	injury	side	(debit)	of	a	REA,	and	three	additional	steps	involved	in	estimating	
compensatory	mitigation	owed	(credit).		Please	refer	to	the	technical	note	“Scaling	Directly	
Proportional	Avoided	Loss	Mitigation/Restoration	Projects”	on	the	supporting	website	
(www.fws.gov/windenergy)	for	further	information	on	the	development	of	REA	inputs	and	
the	inclusion	of	lost	reproduction.		Notably,	in	the	case	of	an	avoided	loss	project	where	the	
estimated	prevented	loss	of	bird‐years	(e.g.,	through	mitigation)	is	directly	proportional	to	
the	loss	of	bird‐years	(e.g.,	from	“take”),	the	life	history	inputs	(e.g.,	longevity,	age	
distribution,	survival	rates,	reproduction)	do	not	affect	the	final	results	of	the	credit	owed.		
That	is,	the	retrofitting	of	high‐risk	power	poles	is	a	directly	proportional	avoided	loss,	so	
only	the	level	of	take	(number	of	eagles	annually),	the	avoided	loss	of	eagles	per	mitigated	
electric	pole,	the	number	of	years	the	mitigated	pole	is	effective	in	avoiding	the	loss	of	
eagles,	and	the	timing	of	the	mitigation	relative	to	the	take	affect	the	final	credit	owed.		It	
should	also	be	noted	that	the	annual	take	of	one	eagle	is	used	in	the	example	because	the	
lost	bird‐years	associated	with	one	eagle	can	be	easily	multiplied	by	the	actual	take	to	
estimate	the	total	debit	in	bird‐years.	
	
The	following	is	a	brief	discussion	of	REA	variables	used	in	the	Service’s	WindCoA	example	
that	affect	the	outcome	of	the	compensatory	mitigation	calculation:	

 Relative	Productivity	of	Mitigation	(0.0036	electrocutions/pole/year)	–	This	
rate	is	taken	directly	from	published	literature	on	eagle	electrocution	rates	in	
northeastern	Utah	and	northwestern	Colorado	and	is	specific	to	eagles	(Lehman	et	
al.	2010).		Although	the	referenced	study	also	lists	a	higher	rate	(0.0066)	that	
includes	all	known	eagle	mortalities,	this	rate	included	eagles	that	may	have	died	
from	causes	unrelated	to	electrocution.	

 Years	of	Avoided	Loss	Per	Retrofitted	Pole	(10	Years)	–	The	Service	uses	a	
period	of	10	years	for	crediting	the	project	developer	or	operator	for	the	avoided	
loss	of	eagles	from	power	pole	retrofits.		This	is	a	reasonable	amount	of	time	to	
assume	that	power	pole	retrofits	will	remain	effective.		However,	project	developers	
or	operators	should	consider	entering	into	agreements	with	utility	companies	or	
contractors	for	the	long‐term	maintenance	of	retrofits.		Evidence	of	this	type	of	
agreement	could	increase	the	amount	of	credit	received	by	the	project	developer	or	
operator	and,	as	a	result,	decrease	the	amount	of	compensatory	mitigation	required.	

 Permit	Renewal	Period	(5	Years)	–	This	will	be	the	review	period	that	is	used	by	
the	Service	for	adaptive	management	purposes	and	re‐calculation	of	compensatory	
mitigation.		The	Service	believes	that	this	length	of	time	will	enable	the	project	
developer	or	operator	to	continue	to	meet	the	statutory	and	regulatory	eagle	
preservation	standard.		This	permit	review	tenure	will	remain	the	same	regardless	
of	the	overall	tenure	of	the	permit.	

 Retrofit	Cost/Payment	($7,500/pole)	–	The	Service	received	input	directly	from	
the	industry	regarding	the	actual	costs	to	retrofit	power	poles.		Estimates	ranged	
from	a	low	of	approximately	$400	to	over	$11,000	given	that	costs	vary	according	to	
many	factors.		The	Service	believes	that	$7,500	represents	a	reasonable	estimate	for	
the	current	cost	to	retrofit	power	poles	in	the	United	States.		Project	developers	or	
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operators	are	encouraged	to	contract	directly	for	retrofits	as	this	will	likely	not	be	as	
costly	as	contributing	$7,500/pole	to	an	eagle	compensatory	mitigation	account.	

	
b. REA Results for WindCoA 
Using	the	WindCoA	example	described	above,	along	with	the	REA	inputs	provided	in	Table	
G‐1,	Table	G‐3	provides	a	summary	of	the	results:	
	
	
 

Table G-3.  WindCoA Example: Compensatory Mitigation Owed for a 5-Year Permitted Take of 5 GOEA 
Extrapolated to the 30-Year Expected Operating Life of the Wind Project (30 GOEA in Total). 
 

Total	Debit	for	Take	of	1	GOEA	 28.485	 PV*	bird‐years	for	5	years	of	GOEA	take	

	÷Relative	Productivity	of	High‐
Risk	Electric	Pole	Retrofitting	 ÷0.191	

Avoided	loss	of	PV	bird‐years	per	
retrofitted	pole	
(assumes	10	years	of	avoided	loss	per	pole	
based	on	the	commitment	from	
UtilityCoB)	

=	Mitigation	Owed	for	5‐Year	
Permitted	Take		

=149.136	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss		

x	#	Cycles	of	5‐Year	Permit	
Reviews	
=Total	Mitigation	Owed		

x	6	=	894.818	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss	for	the	30‐year	expected	operating	life	
of	the	wind	project	

*PV=Present	Value	
	
	
	
If	all	of	the	REA	inputs	remain	the	same	after	the	initial	five	years,	then	the	estimated	
149.14	poles	may	be	multiplied	by	the	expected	number	of	permit	reviews	to	provide	an	
estimate	of	the	total	number	of	poles	that	would	eventually	be	retrofitted.		For	example,	for	
the	30‐year	life	cycle	of	the	WindCoA	wind	project,	149.14	poles	would	be	multiplied	by	6	
permit	renewals	to	equal	approximately	895	high‐risk	power	poles	in	total	to	be	retrofitted	
as	compensatory	mitigation	for	the	take	of	30	GOEA	over	30	years	(1	eagle	annually).		While	
this	example	shows	the	effectiveness	of	the	mitigation	method	as	lasting	for	10	years,	it	may	
be	the	case	that	the	method	selected	is	more	or	less	effective	at	avoiding	the	loss	of	eagles	
(e.g.,	5	years,	more	than	10	years).		The	REA	can	be	adjusted	for	the	expected	effectiveness	
of	mitigation,	and	more	or	fewer	high‐risk	power	poles	would	need	to	be	mitigated.		All	
estimates	of	compensatory	mitigation	are	contingent	on	proper	operation	and	maintenance	
being	conducted	by	UtilityCoB	or	a	contractor	to	ensure	that	the	expected	effectiveness	is	
achieved.	
	
For	purposes	of	illustration,	should	WindCoA	choose	to	use	the	GOEA	inputs	provided	in	
Table	G‐1	and	their	fatality	estimate	is	that	5	GOEA	will	be	taken	annually,	the	results	may	
be	easily	adjusted	as	shown	in	Table	G‐4:	
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Table G-4.  WindCoA Example: Compensatory Mitigation Owed for a 5-Year Permitted Take of 25 GOEA 
Extrapolated to the 30-Year Expected Operating Life of the Wind Project (150 GOEA in Total). 

 

Total	Debit	for	Take	of	1	GOEA	 28.485	
PV	bird‐years	for	5	years	of	GOEA	take	
from	Table	F‐3		

x	Actual	Annual	Take	of	GOEA		 x	5	=142.425	 PV	bird‐years	for	5	years	of	GOEA	take	

÷	Relative	Productivity	of	High‐
Risk	Electric	Pole	Retrofitting	

÷0.191	

Avoided	loss	of	PV	bird‐years	per	
retrofitted	pole	(assumes	10	years	of	
avoided	loss	per	pole	based	on	the	
commitment	from	UtilityCoB)	

=	Mitigation	Owed	for	5‐Year	
Permitted	Take	

=745.681	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss		

x	#	Cycles	of	5‐Year	Permit	
Reviews	=	Total	Mitigation	
Owed		

x	6	=4474.086	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss	for	the	30‐year	expected	operating	life	
of	the	wind	project	

PV=Present	Value	
	
 

 
c. Summary of Bald Eagle REA Results 
Following	the	same	process	described	above	for	GOEA	(i.e.,	using	the	WindCoA	example	and	
the	BAEA	REA	inputs	provided	in	Table	G‐2),	Table	G‐5	provides	a	summary	of	the	results	
for	bald	eagles:	
	
	
	

Table G-5.  Example of Compensatory Mitigation Owed for a 5-Year Permitted Take of 5 BAEA Extrapolated to the 
30-Year Expected Operating Life of the Wind Project (30 BAEA in Total).	
  

Total	Debit	for	Take	of	1	BAEA	 20.229 PV	bird‐years	for	5	years	of	BAEA	take
÷	Relative	Productivity	of	High‐
Risk	Electric	Pole	Retrofitting	

÷0.136	 Avoided	loss	of	PV	bird‐years	per	
retrofitted	pole	

	=	Mitigation	Owed	for	5‐Year	
Permitted	Take	 =149.136	

Poles	to	be	retrofitted	to	achieve	no‐net‐
loss	

x	#	Cycles	of	5‐Year	Permit	
Reviews	=	Total	Mitigation	
Owed	

x	6	=894.818	
Poles	to	be	retrofitted	to	achieve	no‐net‐
loss	for	the	30‐year	expected	operating	life	
of	the	wind	project	

PV=Present	Value	
	

	
	

Although	there	are	differences	between	GOEA	and	BAEA	life	history	inputs	(e.g.,	longevity,	
age	distribution,	survival	rates,	reproduction),	the	estimated	avoided	loss	of	bird‐years	
through	mitigation	is	directly	proportional	to	the	loss	of	bird‐years	from	the	take,	so	the	life	
history	inputs	do	not	affect	the	final	results	of	the	credit	owed.		Because	there	was	no	
change	in	the	level	of	take	(number	of	eagles	annually),	the	avoided	loss	of	eagles	per	
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mitigated	electric	pole,	the	number	of	years	the	mitigated	pole	is	effective	in	avoiding	the	
loss	of	eagles,	or	the	timing	of	the	mitigation	relative	to	the	take,	there	is	no	change	in	the	
credit	owed.		To	help	illustrate,	when	comparing	the	results	of	BAEA	to	GOEA,	both	the	
debit	(20.23÷28.49)	and	the	relative	productivity	of	electric	pole	retrofitting	(0.14÷0.19)	for	
BAEA	are	approximately	70%	of	GOEA,	so	the	amount	of	retrofitting	owed	is	the	same.		That	
is,	both	the	numerator	of	the	scaling	equation	(total	debit)	and	the	denominator	(relative	
productivity	of	mitigation)	were	changed	proportionally	(approximately	70%),	so	there	is	
no	change	in	the	mitigation	owed.	
	
d. Discussion on Using REA 
The	ECPG	does	not	mandate	the	use	of	REA.		Rather,	the	Service	recognized	the	need	for	a	
reliable,	transparent,	reproducible,	and	cost‐effective	tool	to	expedite	wind	power	permits,	
while	ensuring	sufficient	compensatory	mitigation	for	the	take	of	golden	eagles	and	bald	
eagles	from	operations	to	meet	regulatory	permitting	requirements.		Although	there	is	a	
learning	curve,	REA	meets	these	basic	needs.		This	appendix	and	materials	on	the	
supporting	website	explain	the	methods,	share	the	tools	to	run	REAs,	and	discuss	how	
changes	in	the	different	inputs	can	affect	the	results.		Should	project	developers	or	
operators/applicants	choose	to	use	the	provided	inputs,	methods,	and	tools,	the	Service	will	
be	able	to	appropriately	focus	on	the	expected	take	of	eagles.		Project	developers	or	
operators/applicants	have	the	discretion	to	offer	alternative	REA	inputs	or	use	different	
compensatory	mitigation	modeling	methods.		However,	they	will	need	to	provide	sufficient	
evidence	and	tools	(if	necessary)	to	ensure	that	the	Service	can	provide	appropriate	review	
of	the	results,	and	should	expect	that	such	an	effort	will	likely	take	additional	time.	
	
e. Additional Compensatory Mitigation Example 
In	the	United	States,	another	known	cause	of	mortality	to	eagles,	both	bald	and	golden,	is	
vehicle	collisions.		Eagles	are	susceptible	to	being	struck	by	vehicles	as	they	feed	on	
carcasses	along	roadsides,	particularly	in	areas	of	the	United	States	where	large	numbers	of	
ungulates	concentrate	seasonally	(e.g.	winter,	breeding	season,	etc.).		As	a	compensatory	
mitigation	strategy,	a	project	developer	or	operator	may	decide	to	collect	data	(or	use	
existing	data	if	it	is	available)	on	the	annual	number	of	eagle	mortalities	that	result	from	
vehicle	collisions	in	a	specified	geographic	area	or	along	a	specific	stretch	of	roadway.		This	
data	could	then	be	used	to	generate	an	estimate	of	the	number	of	eagle	mortalities	that	
could	be	prevented	in	the	same	area	by	removing	carcasses	from	roadsides.		If	there	was	
sufficient	evidence	that	this	was	a	valid	project	(e.g.	quantifiable	and	verifiable),	the	project	
developer	or	operator	could	contract	to	have	these	roadsides	‘cleaned’	of	carcasses	during	
the	time	of	year	that	ungulates	concentrate	and	eagles	are	known	to	be	struck.		The	credible	
estimate	of	eagle	mortalities	that	would	be	avoided	through	carcass	removal	would	be	the	
value	of	the	compensatory	mitigation	achieved.	
	
f. Take from Disturbance 
Project	developers	or	operators	should	work	with	the	Service	to	determine	if	take	from	
disturbance	is	likely	to	occur.		This	should	be	predicted	in	advance	based	on	Stage	3	data,	
and	verified		through	post‐construction	monitoring	in	Stage	5.		The	following	are	
recommended	take	calculations	based	on	information	contained	within	the	FEA	(USFWS	
2009):	
	
For	the	standard	bald	eagle	population:	
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 Take	resulting	from	disturbance	at	one	nest	on	only	one	occasion	=	take	of	1.3	
individuals	

 One	nest	take	resulting	in	the	permanent	abandonment	of	a	territory	=	take	of	1.3	
individuals	for	the	first	year,	then	take	of	8	individuals	annually	until	data	show	the	
number	of	breeding	pairs	has	returned	to	or	exceeded	the	original	estimated	
number	for	the	eagle	management	unit.	

	
For	the	standard	golden	eagle	population:	

 Take	resulting	from	disturbance	at	one	nest	on	only	one	occasion	=	take	of	0.8	
individuals	

 One	nest	take	resulting	in	the	permanent	abandonment	of	a	territory	=	take	of	0.8	
individuals	for	the	first	year,	then	take	of	4	individuals	annually	until	data	show	the	
number	of	breeding	pairs	has	returned	to	or	exceeded	the	original	estimated	
number	for	the	eagle	management	unit.	

	
Using	the	data	presented	in	the	above	WindCoA	example,	the	compensatory	mitigation	
required	for	disturbance	resulting	in	the	loss	of	productivity	from	one	GOEA	nest	for	one	
year	would	result	in	the	following:	
	

1. Disturbance	take	of	one	GOEA	nest	on	one	occasion	=	0.8	GOEA,	
2. From	the	REA,	the	take	of	one	GOEA	for	one	year	=	6	PV	bird‐years,	
3. Six	PV	bird‐years/GOEA	*	0.8	GOEA	=	4.8	PV	bird‐years,	and	
4. From	the	REA,	4.8	PV	bird‐years	÷	0.191	PV	bird‐years/pole	retrofitted	(for	10	year	

maintenance	of	poles)	=	25.1	poles	retrofitted.	
	
WindCoA	would	be	required	to	retrofit	a	total	of	174.24	poles	(149.14	poles	for	the	lethal	
take	of	5	GOEA	(see	Table	G‐3)	+	24.5	poles	for	the	disturbance	take	of	one	GOEA	nest)	to	
cover	the	initial	five	year	permitted	take.	
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APPENDIX H: STAGE 5 – CALIBRATING AND UPDATING OF THE FATALITY PREDICTION AND 
CONTINUED RISK-ASSESSMENT 

	
Given	the	degree	of	uncertainty	that	currently	exists	surrounding	the	risk	of	wind	facilities	to	eagles	
and	the	factors	that	contribute	to	that	risk,	post‐construction	monitoring	is	one	of	the	most	
significant	activities	that	will	be	undertaken	by	eagle	programmatic	take	permit	holders.		Post‐
construction	monitoring	has	two	basic	components	when	applied	to	eagle	take:	(1)	estimating	the	
mean	annual	fatality	rate,	and	(2)	assessing	possible	disturbance	effects	on	neighboring	nests	and	
communal	roosts.		Provided	that	assessments	conducted	during	Stages	1‐4	are	consistent,	robust,	
and	reliably	performed	as	suggested	in	this	ECPG,	the	pre‐construction	data	should	provide	a	solid	
platform	for	development	of	the	Stage	5	monitoring	and	assessment	studies.	
	
1.  Fatality Monitoring 
All	wind	facilities	that	are	permitted	to	take	eagles	will	need	to	conduct	fatality	monitoring	to	
ensure	compliance	with	regulatory	requirements.		Fatality	monitoring	must	be	conducted	at	all	
wind	facilities	that	are	permitted	to	take	eagles.		We	anticipate	that	in	most	cases,	intensive	
monitoring	to	estimate	the	true	annual	fatality	rate	and	to	assess	possible	disturbance	effects	will	
be	conducted	for	at	least	the	first	two	years	after	permit	issuance,	followed	by	less	intense	
monitoring	for	up	to	three	years	after	the	expiration	date	of	the	permit,	in	accordance	with	
monitoring	requirements	at	50	CFR	22.26(c)(2).		However,	additional	intensive,	targeted	
monitoring	may	be	necessary	to	determine	the	effectiveness	of	additional	conservation	measures	
and	ACPs	implemented	to	reduce	observed	fatalities.		Such	monitoring	should	be	rigorous	and	
sufficient	to	yield	a	reasonable	estimate	of	the	mean	annual	eagle	fatality	rate	for	the	project.		
General	considerations	for	designing	fatality	monitoring	programs	can	be	found	in	Strickland	et	al.	
(2011)	and	the	WEG,	and	these	sources	should	be	consulted	in	the	development	of	a	post‐
construction	study	design.		Because	the	post‐construction	monitoring	protocol	will	be	included	as	a	
condition	of	the	programmatic	take	permit,	the	design	of	such	monitoring	will	be	determined	
jointly	by	the	permittee	and	the	Service.		Additionally,	the	Service	and	USGS	are	investing	significant	
resources	into	research	to	test	and	assess	post‐construction	monitoring	approaches	for	eagles,	thus	
we	expect	to	be	able	to	offer	useful	input	in	the	design	of	such	monitoring	programs.		Fatality	
monitoring	for	eagles	can	be	combined	with	monitoring	mortality	of	other	wildlife	so	long	as	
sampling	intensity	takes	into	account	the	relative	infrequency	of	eagle	mortality	events.	
	
Fatality‐monitoring	efforts	involve	searching	for	eagle	carcasses	beneath	turbines	and	other	
facilities	to	estimate	the	number	of	fatalities.		The	primary	objectives	of	these	efforts	are	to:	(1)	
estimate	eagle	fatality	rates	for	comparison	with	the	model‐based	predictions	prior	to	construction,	
and	(2)	to	determine	whether	individual	turbines	or	strings	of	turbines	are	responsible	for	the	
majority	of	eagle	fatalities,	and	if	so,	the	factors	associated	with	those	turbines	that	might	account	
for	the	fatalities	and	which	might	be	addressed	via	conservation	measures	and	ACPs.	
	
Fatality	monitoring	results	should	be	of	sufficient	statistical	validity	to	provide	a	reasonably	precise	
estimate	of	the	eagle	mortality	rate	at	a	project	to	allow	meaningful	comparisons	with	pre‐
construction	predictions,	and	to	provide	a	sound	basis	for	determining	if,	and	if	so	which,	
conservation	measures	and	ACPs	might	be	appropriate.		The	basic	method	of	measuring	fatality	
rates	is	the	carcass	search.	All	fatality	monitoring	should	include	estimates	of	carcass	removal	and	
carcass	detection	bias	(scavenger	removal	and	searcher	efficiency)	likely	to	influence	those	rates,	
using	the	currently	accepted	methods.		Fatality	and	bias	correction	efforts	should	occur	across	all	
seasons	to	assess	potential	temporal	variation.		Where	seasonal	eagle	concentrations	were	
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identified	in	the	Stage	2	assessment,	sampling	protocols	should	take	these	periodic	pulses	in	
abundance	into	account	in	the	sample	design.	
	
Carcass	searches	underestimate	actual	mortalities	at	wind	turbines,	but	with	appropriate	sampling,		
carcass	counts	can	be	adjusted	to	account	for	biases	in	detection	(Kunz	et	al.	2007,	Arnett	et	al.	
2007,	NRC	2007,	Huso	2010).		Important	sources	of	bias	and	error	include:	(1)	low	or	highly	
variable	fatality	rates;	(2)	carcass	removal	by	scavengers;	(3)	differences	in	searcher	efficiency;	(4)	
failure	to	account	for	the	influence	of	site	(e.g.,	vegetative)	conditions	in	relation	to	carcass	removal	
and	searcher	efficiency;	and	(5)	fatalities	or	injured	birds	that	may	land	or	move	outside	search	
plots.		Strickland	et	al	(2011)	provide	a	concise	overview	of	fatality	prediction	models	and	
considerations	in	the	selection	of	a	model.		In	the	case	of	eagles,	a	primary	consideration	in	the	
selection	of	a	model	and	in	the	sampling	design	is	the	relative	rarity	of	collisions,	even	at	sites	
where	fatality	rates	are	comparatively	high.	
	
Regardless	of	the	approach	selected,	we	recommend	the	following	data	be	collected	for	each	search:	

1. Date.	
2. Start	time.	
3. End	time.	
4. Interval	since	last	search.	
5. Observer.	
6. Which	turbine	area	was	searched	(including	decimal‐degree	latitude	longitude	or	UTM	

coordinates	and	datum).	
7. Weather	data	for	each	search,	including	the	weather	for	the	interval	since	the	last	search.	
8. GPS	track	of	the	search	path.	

	
When	a	dead	eagle	is	found,	the	following	information	should	be	recorded	on	a	fatality	data	sheet:	

1. Date.	
2. Species.	
3. Age	and	sex	(following	criteria	in	Pyle	2008)	when	possible.	
4. Band	number	and	notation	if	wearing	a	radio‐transmitter	or	auxiliary	marker.	
5. Observer	name.	
6. Turbine	or	pole	number	or	other	identifying	character.	
7. Distance	of	the	carcass	from	the	turbine	or	pole.	
8. Azimuth	of	the	carcass	from	the	turbine	or	pole.	
9. Decimal‐degree	latitude	longitude	or	UTM	coordinates	of	the	turbine	or	pole	and	carcass.	
10. Habitat	surrounding	the	carcass.	
11. Condition	of	the	carcass	(entire,	partial,	scavenged).	
12. Description	of	the	carcass	(e.g.,	intact,	wing	sheared,	in	multiple	pieces).	
13. A	rough	estimate	of	the	time	since	death	(e.g.,	<1	day,	>	a	week),	and	how	estimated.	
14. A	digital	photograph	of	the	carcass.	
15. Information	on	carcass	disposition.	

	
In	some	cases,	eagle	take	permits	may	specify	other	biological	materials	or	data	that	should	be	
collected	from	eagle	carcasses	(e.g.,	feathers,	tissue	samples).		Rubber	gloves	should	be	used	to	
handle	all	carcasses	to	eliminate	possible	disease	transmission.		All	eagle	fatalities	(not	just	those	
found	on	post‐construction	surveys)	and	associated	information	should	be	immediately	reported	to	
the	Service’s	Office	of	Law	Enforcement	and	to	the	Service’s	migratory	bird	permit	issuing	office	if	
the	facility	is	operating	under	an	eagle	take	permit.		Eagle	carcasses	should	not	be	moved	until	such	
notification	occurs,	after	which	carcass	disposition	should	be	in	accordance	with	permit	conditions	
or	Service	direction.	
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2.  Disturbance Monitoring 
Project	developers	or	operators	may		also	be	required	to	monitor	many	of	the	eagle	nesting	
territories	and	communal	roost	sites	identified	in	the	Stage	2	assessments	as	stated	in	the	permit	
regulations	at	50	CFR	22.26(c)(2)for	at	least	two	years	after	project	construction	and	for	up	to	
three	years	after	the	cessation	of	the	activity.		The	objective	of	such	monitoring	will	be	to	determine	
post‐construction	(1)	territory	or	roost	occupancy	rates,	(2)	nest	success	rates,	and	(3)	
productivity.		On	a	project‐by‐project	basis,	changes	in	any	of	these	reproductive	measures	may	not	
be	indicative	of	disturbance.		However,	patterns	may	become	apparent	when	the	Service	and	USGS	
pool	data	appropriately	and	analyze	findings	from	many	projects	in	the	context	of	a	meta‐analysis	
within	the	adaptive	management	framework.	
	
Eagle	nesting	territories	most	likely	to	be	affected	by	disturbance	from	a	wind	project	are	those	that	
have	use	areas	within	or	adjacent	to	the	project	footprint.		The	Service	will	accept	an	assumption	
that	all	eagle	pairs	at	or	within	the	mean	project‐area	inter‐nest	distance	(as	determined	from	the	
Stage	2	assessment)	of	the	project	boundary	are	territories	that	may	be	at	risk	of	disturbance	(e.g.,	
if	the	mean	nearest‐neighbor	distance	between	simultaneously	occupied	eagle	territories	in	the	
Stage	2	assessment	is	2	miles,	we	would	expect	disturbance	to	most	likely	affect	eagles	within	2	
miles	of	the	project	boundary;	Figures	H‐1	though	H‐4).		Eagle	pairs	nesting	within	½	the	project‐
area	mean	intern‐nest	distance	are	the	highest	candidates	for	disturbance	effects,	and	should	
receive	special	attention	and	consideration.	
	
Where	nesting	habitat	is	patchy	or	eagle	nesting	density	is	low	such	that	nearest‐neighbors	are	
outside	a	10‐mile	wide	perimeter	of	the	project	footprint,	we	recommend	either:	(1)	extending	the	
project‐area	survey	outward	to	include	the	nearest‐neighbors	for	the	purposes	of	estimating	the	
mean	inter‐nest	distance	value,	or	(2)	undertaking	detailed	observational	studies	of	the	eagles	
occupying	territories	within	the	typical	project‐area	to	assess	use	patterns	and	ranging	behavior	
relative	to	the	project	footprint.		We	recognize	that	selecting	option	(1)	for	golden	eagles	would	
extend	the	project	area	beyond	the	maximum	of	10	miles	advocated	in	the	ECPG,	but	in	some	areas	
it	is	possible	golden	eagles	using	nests	further	than	10	miles	from	the	project	footprint	may	occur	
there.		Regardless	of	which	approach	is	used,	territories	that	meet	this	distance	criterion	should	be	
re‐sampled	annually	for	no	less	than	two	years	after	the	project	is	operational	following	identical	
survey	and	reporting	procedures	as	were	used	in	the	Stage	2	assessment.	
	
If	such	monitoring	shows	strong	evidence	of	direct	disturbance	from	a	project,	project	developers	
or	operators	and	the	Service	will	consider	additional	conservation	measures	and	ACPs	that	might	
be	effective	in	reducing	the	effect.		Such	measures	would	be	within	the	sideboards	established	at	
the	time	of	permit	issuance.	Alternatively,	the	project	developer	or	operator	may	be	required	to	
provide	compensatory	mitigation	to	offset	the	estimated	decreases	in	productivity	to	the	extent	
necessary	to	meet	the	statutory	requirement	to	preserve	eagles.	
	
The	Service	and	the	project	developer	or	operator	should	agree	on	a	site‐specific,	post‐construction	
survey	protocol	for	eagle	concentration	areas	identified	in	Stage	2	and	make	an	a	priori	decision	on	
how	to	interpret	and	act	on	potential	outcomes.		Mortalities	of	eagles	using	proximate	communal	
roosts	will	be	accounted	for	through	the	protocol	for	monitoring	post‐construction	fatalities.		
However,	if	communal	roosts	are	no	longer	used	by	eagles	because	of	disturbance,	that	effect	
should	be	determined,	evaluated,	and	where	population‐level	effects	are	indicated,	mitigated.	
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3.  Comparison of Post-Construction Eagle Use with Pre-Construction Use 
As	noted	elsewhere,	Service	fatality	models	assume	eagle	use	of	the	project	footprint	does	not	
change	as	a	result	of	project	development.		However,	there	is	little	information	to	support	this	
assumption,	and	the	ability	to	accurately	predict	fatality	rates	could	be	greatly	improved	by	
comparative	information	on	post‐construction	eagle	use.		The	Service	encourages	project	
developers	or	operators	to	consider	conducting	exposure	surveys	similar	in	design	and	intensity	to	
pre‐construction	survey	work	to	test	this	assumption	where	and	when	feasible.	
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Figures H-1 to H-4 (following pages).  Suggested approach for determining project-area and identifying eagle 
nesting territories to monitor for disturbance effects during Stage 5.
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A Framework for Decision Points to Trigger  
Adaptive Management Actions in Long-Term  
Incidental Take Permits 

By Daniel Dalthorp and Manuela Huso 

Introduction 
Background 

The U.S. Fish and Wildlife Service (USFWS) has begun to issue incidental take permits (ITPs) 
to wind power companies to allow limited take of bird and bat species that are protected under the 
Endangered Species Act, the Bald and Golden Eagle Protection Act, or the Migratory Bird Treaty Act 
(Huso and others, 2015). Expected take rates are determined using scientifically based collision-risk 
models and knowledge about the ecology of the population of interest. ITPs often include mitigation 
requirements to compensate for estimated take and further describe (1) adaptive management actions 
(AMAs) that may be required to reduce take rates if permitted rate is exceeded, or (2) additional 
compensatory mitigation to offset take that exceeds permitted levels.  

Confirming the accuracy of predicted take and providing evidence that permitted take levels 
have not been exceeded can be challenging because carcasses may be detected with probability much 
less than 1, and often no carcasses are observed. When detection probability is high, finding 0 carcasses 
can be interpreted as evidence that none (or few) were actually killed. As the probability of observing an 
individual decreases, the likelihood of missing carcasses increases, making it unclear how to interpret 
having observed 0 (or few) carcasses. In a practical sense, the consequences of incorrect inference can 
be significant: overestimating take could result in costly and unjustified mitigation, whereas 
underestimating could result in unanticipated declines in species populations already at risk. 

Huso and others (2015) propose an approach using Bayes’ Theorem to construct a posterior 
distribution of potential take given the observed count and the estimated probability of detecting a 
carcass. Dalthorp and others (2014) published Evidence of Absence (EoA) software and associated user 
guide to calculate the posterior distribution of take. These seminal publications originally addressed 
inferential limits regarding potential take at an individual site in any single year. Subsequent discussions 
with users led to the idea that these concepts could be expanded and applied over a series of years (the 
duration of an ITP) and field data could be used to accurately infer whether actual take levels are 
consistent with, higher than or lower than permitted levels. In response, we have developed a statistical 
framework for signaling when take levels are inconsistent with permitted levels, both on a short-term (3-
year running average) and long-term (cumulative total take) basis. 

This document examines the accuracy and precision of these “triggers” and their sensitivity to 
input parameters, including estimated detection probability (𝑔), level of assurance desired (1 − 𝛼), 
effectiveness of AMAs (𝜌), etc. We present a statistical framework for defining triggers for AMAs 
when take rates exceed permitted levels, as well as triggers for rescinding previous AMAs when 
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warranted by low take rates. The triggers (with associated AMAs) are evaluated in terms of the 
consequences (conservation benefits and operations costs) of various choices about trigger parameters 
(including permitted take limit, credibility levels, AMA options, and monitoring requirements) against a 
number of ecological backdrops (including actual take levels and effectiveness of AMAs). The report is 
strictly statistical and does not make specific recommendations about management or regulatory 
parameters. Instead, a range of scenarios that span a wide range of possibilities is considered. The 
purpose is to provide a framework for defining triggers for AMAs and guide decision-making in the 
management of ITPs with a quantitative consideration of potential consequences.  

In the following discussions, an average take rate of 𝜏 per year is permitted over the course of 𝑛 
years of operation, and a total take of Τ = 𝑛𝜏 is allowed over the course of the permit. The methods 
used to set τ are beyond the scope of this document; we start from the premise that τ has been externally 
established. Estimated cumulative take is tracked through the years, and when estimated take exceeds 
the total permitted take (Τ), a long-term trigger fires and full-avoidance AMAs are implemented to 
avoid further take. In addition, a moving-average take rate is tracked through the years, and when the 
average take rate has risen clearly above the permitted level (τ), a short-term trigger fires providing a 
check against excessive take over the span of a few years and signaling that the long-term take limit is 
likely to be exceeded unless conditions change. Finally, a reversion trigger may be defined to signal 
when fatality rates are low enough so that previously implemented AMAs may be reversed without 
serious risk that future fatality rates will exceed permitted levels. 

A program of incremental AMAs may be developed to respond to the firing of the short-term 
trigger. Such a strategy may involve (1) AMAs to reduce the actual fatality rate (𝜆) incrementally each 
time the short-term trigger is fired to keep the fatality rate in line with the expected rate (𝜏) in future 
years; (2) an intensification of monitoring to increase precision of estimates; or (3) adjustment of 𝜏 to 
align permitted with actual take rates. AMAs that reduce the fatality rate or increase precision are likely 
to reduce the chances that the short-term trigger will fire in future years if the short-term trigger remains 
the same. In addition, after the short-term trigger has fired some predetermined number of times, with or 
without implementation of incremental AMAs, it may be desirable to implement a full-avoidance AMA 
to avoid further take (as with the long-term trigger). 

Estimation of Fatalities 
Because it is difficult to directly observe fatalities as they occur (Pandey and others, 2007; 

Evans, 2012; Cryan and others, 2014), take is normally estimated indirectly from carcass counts in 
periodic searches of the ground near turbines over the course of the monitoring season. However, 
carcasses may be missed in searches for a number of reasons. Most notably, carcasses may land outside 
the searched area (Huso and Dalthorp, 2014) or be removed by scavengers prior to discovery by search 
teams (Bispo and others, 2013), and searchers may miss carcasses that are present at time of search 
(Morrison, 2002). Several researchers have developed fatality estimators that account for imperfect 
detection and adjust carcass counts accordingly (Erickson and others, 1998; Shoenfeld, 2004; Huso 
2011; Korner-Nievergelt and others, 2011; Etterson, 2013; Péron and others, 2013; Wolpert, 2015). 
These widely used "adjusted counts" estimators are elaborations of the same basic model that estimates 
the number of fatalities (𝑀) as 𝑀� = 𝑋/𝑔�, where 𝑋 is the number of carcasses observed and 𝑔� is the 
estimated probability of detecting a carcass that arrives during the period of interest (after accounting 
for area searched, carcass removal rate, and searcher efficiency). However, the estimators differ in how 
the detection probability is estimated and how data from different time periods and different subunits 
within a site are combined into an overall fatality estimate for the site for the entire study period (Huso 
and others, in press).  
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The EoA software (Dalthorp and others, 2014) is based on a semi-periodic estimator for 
detection probability 𝑔 that is similar to Wolpert (2015) and includes the estimators for Erickson and 
others (1998), Shoenfeld  (2004), Huso (2011), Korner-Nievergelt and others (2011), as special cases 
(Huso and others, 2015b; Wolpert, 2015). After estimating 𝑔, it uses Bayes' theorem to estimate 𝑀 in 
terms of "credible intervals" (CIs) (Huso and others, 2015a), which are analogous to confidence 
intervals used in classical statistics. For example, after accounting for the numerous sources of imperfect 
detection and estimating overall detection probability as 𝑔�, EoA gives 𝑀∗ as the upper bound of a 
100(1 − 𝛼)% CI for 𝑀. The interpretation is that it can be asserted with 100(1 − 𝛼)% credibility that 
the true number of fatalities 𝑀 is less than or equal to 𝑀∗.  

The value of 𝛼 governs how conservative 𝑀∗ is as an estimate of 𝑀, with smaller values of 𝛼 
leading to larger 𝑀∗ but stronger assurance that the actual number of fatalities 𝑀 does not exceed 𝑀∗. A 
less formal but intuitive interpretation is to think of 𝑀∗ as a 100(1 − 𝛼)% credible upper bound for 𝑀 
(esp. when 𝛼 is small) or simply as an estimate of 𝑀 when 𝛼 = 0.5 and 𝑋 > 0, giving a median point; 
that is, it is equally likely in probability that the actual fatality is less than this value as greater than this 
value. 

Yearly take (𝑀) of protected species at any given facility is likely to be small, and the number of 
observed carcasses (𝑋) is likely to be even smaller. Finding 𝑋 = 0 carcasses is a distinct possibility. 
However, if detection probability is small, 𝑋 = 0 provides little assurance that the actual number of 
fatalities was not large. For example, if there are 150 fatalities and detection probability is 𝑔 = 0.01, 
then the probability of missing all 150 carcasses would be (1 − 0.01)150 = 22%, so 𝑋 = 0 would not 
be surprising. In this case, finding no carcasses does not rule out the possibility that large numbers of 
individuals were killed but were simply missed in the searches. Higher detection probabilities give 
greater power to rule out high fatality rates. If 𝑔 = 0.75, then 𝑋 = 0 provides strong evidence that there 
were not more than 1 or 2 fatalities, because if there were 3, it is highly improbable that all 3 would 
have been missed [𝑃(𝑋 = 0|𝑀 = 3) = (1 − 0.75)3 = 0.016]. From user input, EoA software 
(Dalthorp, and others, 2014) estimates the detection probability, and, taking into account both the 
detection probability and the observed number of carcasses, it provides a credible upper bound on the 
number of fatalities (with the user-specified degree of credibility = 1 − 𝛼).  

Triggers for Adaptive Management in Long-Term Incidental Take Permits 
The EoA software provides many useful tools for designing monitoring protocols and analyzing 

results. The user guide for version 1.0 (Dalthorp and others, 2014) provides a tutorial with several 
examples of how the software can be used to determine whether the number of fatalities in a single year 
exceeded a specified threshold. It has been argued (Meinke and others, 2014) that it may be 
impracticable to provide strong assurance on an annual basis of small take numbers when search 
conditions are difficult and high detection probabilities are not easily attainable due to carcasses that are 
small and cryptic, extensive areas of unsearchable ground, high scavenging rates, or some other reason.  

In the months following publication of the EoA software (Dalthorp and others, 2014), it became 
clear that a multiyear permit provides a context vastly different from the kinds of single-year scenarios 
discussed in the user guide and allows for modified approaches to compliance monitoring with 
substantially reduced annual costs. In particular, long-term take permits may be based on total expected 
take rates over a span of several years with companies offsetting expected take with mitigation. Take in 
excess of permitted rates would then require AMAs to reduce take rates to bring them into line with 
expectations or require adjusting permitted take rates upward and additional mitigation. This framework 
allows two adaptations which are not considered in the original user guide (Dalthorp and others, 2014) 
but which make it much easier to demonstrate compliance. First, a long-term permit may accommodate 
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year-to-year variation in take as long as the total take over the course of the 𝑛 years of the permit does 
not exceed Τ = 𝑛𝜏. This is not nearly as strict as requiring that take be less than 𝜏 each and every year. 
Indeed, if the total take over 𝑛 years is Τ, the average annual take would be 𝜏, but take would be 
expected to exceed 𝜏 in about one-half of the years, which would be a gross violation of a requirement 
that annual take never exceed 𝜏 but would be permissible for a long-term requirement that cumulative 
take not exceed Τ = 𝑛𝜏. Second, for long-term take limits that are based on expected take rates rather 
than rates that would cause immediate jeopardy to the population if exceeded, lower levels of assurance 
may be acceptable (for example, allowing 𝛼 = 0.2 or 0.5 instead of requiring a more conservative 
𝛼 = 0.05 or 0.10). In particular, although a value of 𝛼 = 0.5 might well allow fatality rates in excess of 
Τ to go undetected at a significant fraction of projects, average take across many projects would be 
unlikely to exceed permitted numbers, provided: (1) AMAs eliminate further take at projects where 
estimated take exceeds the long-term limit, and (2) AMAs reduce take rates at projects where average 
rates over several years significantly exceed permitted averages. 

Specific Definitions 
Define the annual permitted average take rate as 𝜏 individuals per year over the course of an 𝑛-

year permit, and the total permitted cumulative take is Τ = 𝑛𝜏. Actual take is denoted by 𝑀 with 
estimated take denoted by 𝑀∗. 

Table 1.  Glossary of terms. 
 

Ecological parameters—What is actually happening with the protected species?  
𝑀 = actual number of fatalities 
𝜆 = baseline true annual fatality rate at permit issuance 
𝜌 = factor by which an AMA changes fatality rate 
𝜌∞ = factor by which the final level of AMA changes fatality rate 

Operational parameters—How do we know what is happening? 
𝑋 = number of carcasses observed 
𝑔 = overall carcass detection probability after accounting for unsearched area, scavenging, and searcher efficiency 

Governing parameters—What is set by regulators and energy companies? 
𝑛 = number of years of operation covered by permit 
𝜏 = permitted annual take rate  
Τ = total permitted take over life of permit (Τ = 𝑛𝜏) 
𝛼 = significance level for testing cumulative take (long-term) 
𝛼′ = significance level for testing take rate (short-term) 
𝛼𝑟 = significance level for reversing a previous AMA (including initial prophylactic curtailment) 
AMAs = Adaptive Management Actions taken if fatality rates are not in line with expectations 

Test statistics 
𝑀∗ = estimated cumulative number of fatalities 
𝜆∗ = 100𝛼′% credible lower bound or 100(1 − 𝛼𝑟)% credible upper bound for mean take rate  
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Long-Term Trigger—Does Total Cumulative Take Exceed Long-Term Authorized? —Test Whether 
𝑴∗ > 𝚻 

Total take accumulates from year to year. Progress toward the long-term take limit of Τ is 
tracked using the "Multiple Year Total" module in the EoA software. Because actual cumulative take 
(𝑀) is not known, estimated cumulative total (𝑀∗) must be used instead. Exceedance of the long-term 
limit (𝑀∗ > Τ) triggers AMA to avoid further take. The value of 𝑀∗ is strongly tied to choice of 
required significance level 𝛼, which must be agreed on before monitoring begins. Small values of 𝛼 (for 
example, 0.1 or 0.2) give relatively strong assurance that take does not exceed the permitted limit at any 
given project, but triggering will tend to occur well before 𝑀 > Τ. A value of 𝛼 = 0.5 results in more 
accurate tracking of actual fatality rates with triggering tending to occur after 𝑀 > Τ, in which case the 
trigger is not designed to prevent exceedance but to signal when exceedance has occurred.  

As an example, suppose the long-term authorized take is Τ = 60 for a 30-year permit. Ideally, if 
we knew exactly the number of fatalities each year, we could track the cumulative number of fatalities 
through the years and implement full-avoidance AMA when the cumulative total exceeded Τ. But in 
practice, the number of fatalities is estimated from carcass counts, after accounting for estimated 
detection probability, with varying degrees of certainty (fig. 1). A conservative approach using a small 
value of 𝛼, for example, α=0.1, would (1) give greater assurance that fatality rates do not exceed 
permitted levels, (2) provide a buffer against potential underestimation of fatality resulting from 
inadvertent mischaracterization of detection probability, and (3) provide a margin of safety against a 
full-avoidance AMA that is less than 100% effective. But it would also result in a higher likelihood of 
triggering well before the limit of 60 has been reached. If the factors that contribute to imperfect 
detection—most notably coverage (that is, the fraction of total carcasses that arrive in the search area 
during the monitoring period), carcass persistence, searcher efficiency, and change in searcher 
efficiency with carcass age—are properly accounted for and 𝑔 accurately reflects overall detection 
probability for the species of concern, then 0.5 will generally be the most accurate choice for 𝛼.  

In the scenario portrayed in figure 1, the actual number of fatalities, first exceeds Τ in year 25, 
and the estimated number of fatalities 𝑀∗ with 𝛼 = 0.5 first exceeds Τ to fire the long-term trigger in 
year 26 (fig. 1), 1 year after the actual number of fatalities first exceeded Τ. A value of 𝛼 = 0.2 would 
result in triggering in year 14 when the actual fatality rate was 39—well below the limit of 60, providing 
some assurance that Τ had not been exceeded and some assurance that Τ will not be greatly exceeded if 
fatalities continue to accumulate after the AMA is implemented. An even more conservative approach 
would be to base 𝑀∗ on 𝛼 = 0.1, which, in this example, would induce triggering in year 10 when the 
number of fatalities was 30 (fig. 1).  

 The long-term trigger with 𝛼 = 0.5 is designed to signal when take exceeds permitted limits, 
but it is not designed to prevent exceedance. Indeed, the long-term trigger does not guard against the 
possibility that the take permitted for the entire life of the project occurs within just a few years or give 
any indication when annual take rates are well above 𝜏. The conservation effect of a total take of Τ may 
be more severe if it occurs in a short period rather than being spread out over the course of the project. 
In addition, the long-term trigger does not provide a mechanism for detecting changes in fatality rates 
over time. Finally, the AMAs associated with the long-term trigger may be costly. Advance warning of 
impending long-term triggers coupled with less onerous AMAs to prevent exceedance may be desirable. 
To remedy these limitations of relying strictly on a long-term trigger, a short-term trigger can work in 
concert with the long-term trigger to give advance warning of possible exceedance, to detect changes in 
fatality rates, and to provide a framework for incremental AMAs to prevent eventual exceedance.  
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Figure 1.  Operation of the long-term trigger. Simulated yearly fatalities were generated from a Poisson distribution 
with an annual rate of  𝜆 = 2. Carcass counts were generated from the fatalities as binomial random variables with 
probability of success equal to the detection probability 𝑔, which was taken as 0.3 in the first 3 years and 0.08 in 
years 4–30. Credible intervals were calculated using the Multiple Years module in the Evidence of Absence 
software. See table 1 for explanation of terms used here. 

 

Short-Term Trigger—Is Actual Average Take Rate Larger Than Expected? —Test Whether 𝝀 > 𝝉 
The short-term trigger is designed to fire when the number of carcasses over the course of a few 

years combined with the estimated detection probability indicate that an average rate of 𝜏 = Τ/𝑛 per 
year has likely been exceeded. The short-term trigger acts as a precaution against unexpectedly high 
fatality rates, as a warning signal that the long-term authorized take is likely to be exceeded unless 
additional measures are taken to reduce take rate, and as a mechanism to signal significant changes in 
fatality rates. In response to short-term trigger firing, incremental AMAs may be implemented to 
improve the precision of estimates by more intensive monitoring, to reduce take rates to bring them 
more in line with expectations (minimization), or to adjust permitted take levels to align with actual take 
and offset the increase in permitted take with additional mitigation.  
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Even though the average permitted annual take at a site, 𝜏, might be "correct" and reflect the true 
annual take rate, the actual number of fatalities that occur will not be exactly the same every year, due 
simply to natural variation and random chance. The short-term trigger is designed to allow for some 
annual variation in actual take and to guard against “hair-trigger” decision points. The trigger fires when 
the observed data (carcass counts combined with detection probabilities) are incompatible with the 
permitted rate. In other words, if it is too unlikely (≤𝛼′) that the number of carcasses counted would be 
as high as observed if the true fatality rate really were in line with the permitted rate, then the short-term 
trigger would fire. The test is conducted each year on a 3-year running average basis. If the total number 
of carcasses observed in any consecutive 3 years is not compatible with what would be expected if the 
rate were equal to permitted level, the trigger fires.  

Specifically, let 𝑋 be the 3-year total carcass count for years 𝑖 − 2, 𝑖 − 1, and 𝑖, that is 𝑋 =
∑ 𝑋𝑗𝑖
𝑗=𝑖−2  (with 𝑋𝑗 = 0 for 𝑗 < 1). For purposes of the trigger, suppose the total number of fatalities in 

three years is 𝑀~Poisson(3𝜆). Estimate 𝜆 via a posterior distribution conditioned on the observed 
carcass count and the estimated detection probability (𝑔�): 

 
𝑃(𝜆|𝑔�,𝑋) = 𝑃(𝑋|𝜆,𝑔�)𝑃(𝜆)

∫𝑃(𝑋|𝜆,𝑔�)𝑃(𝜆)𝑑𝜆
 , 

 
where 𝑋~binomial(𝑀,𝑔�), 𝑔�~beta(𝑎, 𝑏), 𝑎 and 𝑏 are the parameters for a beta distribution with mean 
and variance of 𝑔� as estimated for multiple year totals (Dalthorp and others, 2014), and 𝑃(𝜆) ∝ 1/√𝜆 is 
the Jeffreys prior for Poisson rate. The trigger fires when 𝑃(𝜆 ≤ 𝜏|𝑔�,𝑋) < 𝛼′, indicating that there is 
little chance that actual fatality rate 𝜆 is less than the permitted 𝜏. Equivalently, if the lower bound of the 
100(1 − 2𝛼′)% credibility interval for 𝜆 exceeds permitted 𝜏, the short-term trigger is fired.  

For example, suppose the permitted take total is Τ = 60 over the course of a 30-year permit and 
the annual permitted rate is 𝜏 = 2, and we define 𝛼′ = 0.01 for the short-term trigger. With a detection 
probability of 𝑔 = 0.3 [or 𝑔�~beta(62999999.7, 146999999.3)], the 98% CI [that is, 100(1 − 2𝛼′)% 
CI cuts off the upper and lower 1% of the posterior distribution] for the annual rate (𝜆) when a total of 
𝑋 = 5 carcasses are observed over 3 years would be [1.98, 14.6]. Because the interval includes 2, we 
cannot conclude that the permitted take rate is outside the credible range for actual take, and the short-
term trigger does not fire. Although at first glance an estimated 3-year total of 𝑋/𝑔 = 16.7 may appear 
substantially greater than the permitted rate of 2 per year or 6 in 3 years, it is not clearly beyond what 
could occur with an average rate of 2 per year and a detection probability of 0.3. By contrast, if 𝑋 = 6, 
the short-term trigger is fired because the 98% CI is [2.59, 16.2], indicating that 𝜏 = 2 is outside the 
credible range of fatality rates that are compatible with the observed data.  

The value of 𝛼′ is approximately the probability of the trigger firing when 𝜆 = 𝜏. Thus, larger 
values of 𝛼′ result in a more sensitive trigger because they require weaker evidence to conclude 𝜆 > 𝜏. 
A small value of 𝛼′ (for example, 0.01) may be necessary to protect against the trigger firing 
unnecessarily when 𝜆 ≤ 𝜏.  

The test is based on a 3-year running total, so the trigger is especially unlikely to fire in the first 
2 years unless 𝜆 ≫ 𝜏 because firing would mean that the take allotted for the first 3 years arrives before 
the 3 years are finished. Thus, a short-term trigger firing in the first 2 years is a stronger signal of 
exceedance than a later triggering. This may help justify (1) applying more stringent AMAs for short-
term triggers in the first 2 years than in later years, or (2) using a slightly higher value of 𝛼′ for the first 
2 years compared to later years to improve the chances of detecting an excessively high take rate while 
only slightly increasing the risk of wrongly flagging a rate that is not out of line with permitted 𝜏.  
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Reversion Trigger—Is Actual Average Take Rate Small Enough to Safely Reverse an Existing 
Operational Constraint? —Test Whether 𝝀 < 𝝉 𝝆 

If a facility is operating under constraints that are expected to reduce fatality rates by a factor of 
𝜌, (0 < 𝜌 ≤ 1) compared with rates expected under operations free from the constraints (that is, the 
fatality rate would be 𝜆 for operations without the constraints and 𝜌𝜆 with the constraints), then the 
reversion trigger is designed to signal when fatality rates are low enough so that removal of the 
operational constraints would not be likely to result in annual fatality rates that exceed 𝜏. One possible 
use of the reversion trigger would be to relax an initial prophylactic constraint if fatality rates are well 
below expected rates. For example, if, from the beginning of a project, turbines are required to be 
curtailed at wind speeds <5.0 m/s to minimize bat fatalities, the reversion trigger could be used to 
determine if fatality rates are low enough to allow unconstrained operations and still remain within the 
permitted fatality rate.  

In particular, a previous, operational constraint or restrictive AMA implemented to reduce 
fatalities by a factor of 𝜌 can be reversed when take rate is demonstrated to be lower than 𝜏𝜌 at a 
credibility level of 1 − 𝛼𝑟 according to a test on average rate over the years since the AMA was 
implemented. The rationale is that reversing an AMA with effectiveness of 𝜌 would have the effect of 
increasing the fatality rate to 𝜆/𝜌, so an initial fatality rate of 𝜆 ≤ 𝜏𝜌 would result in a rate 𝜆/𝜌 ≤ 𝜏 
after reversion. 

To conduct the test, define the required significance level 𝛼𝑟 and calculate a posterior 
distribution of the actual take rate 𝜆 with the (non-informative) Jeffreys prior. Specifically, let 𝑋 be the 
cumulative total carcass count for year 1 through year 𝑖. For purposes of the trigger, suppose the total 
number of fatalities over 𝑖 years is 𝑀~Poisson(𝑖𝜆). Estimate 𝜆 via a posterior distribution conditioned 
on the observed carcass count and the estimated detection probability (𝑔�):  

 
𝑃(𝜆|𝑔�,𝑋) = 𝑃(𝑋|𝜆,𝑔�)𝑃(𝜆)

∫𝑃(𝑋|𝜆,𝑔�)𝑃(𝜆)𝑑𝜆
 , 

 
where 𝑋~binomial(𝑀,𝑔�), 𝑔�~beta(𝑎, 𝑏), 𝑎 and 𝑏 are the parameters for a beta distribution with mean 
and variance of 𝑔� as estimated for multiple year totals (Dalthorp and others, 2014), and 𝑃(𝜆) ∝ 1/√𝜆 is 
the Jeffreys prior for Poisson rate. The trigger fires when 𝑃(𝜆 < 𝜏𝜌|𝑔�,𝑋) > 1 − 𝛼𝑟 indicating that that 
actual fatality rate 𝜆 is less that 𝜏𝜌 and reversion is not likely to result in a fatality rate greater than the 
permitted 𝜏. 

Evaluating Trigger Performance 
The dual triggering framework consists of a long-term trigger to signal when take limits have 

been exceeded and a short-term trigger to give advance warning when take rate is not in line with 
expectations or when it changes unexpectedly during the life of the permit. The short- and long-term 
triggers are intended to trigger adaptive management when warranted by the monitoring data, which 
include count of observed carcasses as well as estimated carcass-detection probability. The basic 
framework is highly flexible, with several options for balancing the competing objectives of 
conservation of protected species and efficiency of operations.  
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Extensive simulations were performed to evaluate the performance of the triggers for a 30-year 
permit under various combinations of (1) governing parameters (𝜏 = 0.5, 1, 2, 4 and 8; 𝛼 = 0.5, 0.2 and 
0.1; 𝛼′ = 0.01, 0.05 and 0.10); (2) operational parameters (𝑔 = 1, 0.8, 0.3, 0.15, 0.12, and 0.08 under an 
array of year-to-year patterns that reflect conditions encountered in monitoring fatalities of bats, small 
birds, or eagles); (3) ecological parameters (ratio of actual take rate to permitted rate 𝜆/𝜏 = 0.5, 0.75, 1, 
1.5, 2, and 3; (4) effectiveness of incremental AMA after the short-term trigger has fired 𝑛 times = 𝜌0𝑛 , 
where 𝜌0 is the factor by which fatality is changed with each successive increment in AMA, and 𝜌0= 1, 
0.841, 0.707, and 0.5; and (5) effectiveness of the avoidance AMA after the long-term trigger is fired or 
the short-term trigger has fired a specified number times, 𝜌∞= 0 and 0.05). Simulations and figures were 
produced using the R statistical software (R Core Team, 2013) with custom packages VGAM (Yee, 
2010) and pBrackets (Schulz, 2014). 

In practice, specific values of governing parameters (𝜏,𝛼,𝛼′) and effectiveness of AMAs (𝜌0, 
𝜌∞) have direct and pronounced effects on trigger performance. Their values are decided upon by 
industry and government representatives through negotiation and then written into the ITP after 
agreement is reached. In defining the values of the governing parameters, consideration should be given 
to balancing the inherent tradeoffs between conservation and operations. Parameter values that provide 
weaker assurance that set limits have not been exceeded will likely be less costly to implement but may 
fail to detect fatality rates of conservation concern. Conversely, parameter choices aimed at providing 
strong assurance that fatality rates have not been exceeded are likely to be more costly and may lead to 
unnecessary restrictions on operations with no tangible conservation benefit. Throughout this document, 
the consequences of various choices of governing parameters on fatality rates and on operations are 
given in tandem to facilitate comparisons between costs in terms of both conservation and operational 
efficiency. 

Values of operational parameters (𝑔 for each year) are determined by a combination of the 
monitoring protocol (for example, frequency and spatial extent of monitoring) and environmental 
conditions on the ground (for example, scavenger activity, effectiveness of field crews, ground texture, 
vegetation, weather). The value of 𝑔 can only be crudely predicted in advance and must be estimated at 
each site in each year. For bats in the Midwest, intensive monitoring may result in 𝑔 near 0.3 whereas 
road and pad searches may result in 𝑔 of 0.1 or less. By contrast, detection probabilities of 𝑔 = 0.8 may 
be possible with extensive monitoring for eagles, which are much larger and persist longer than bats and 
tend to be found in areas with sparser vegetation and more visible ground. Detection probabilities may 
be increased in a number of ways, for example, by: 

1. increasing the number of turbines searched; 
2. expanding the search radius around turbines; 
3. stratifying the search area and allocating limited search efforts to the areas with the greatest 

detection probabilities and the highest carcass densities; 
4. increasing the frequency of searches; 
5. decreasing the activity of scavengers; 
6. using specially trained dogs to aid searchers; or 
7. improving the visibility on the ground via clearing vegetation, smoothing the surface, or 

lightening its color.  
Specific values for ecological parameters—actual take rates (𝜆) and actual effectiveness of 

AMAs (𝜌)—are not known in practice, but specific values are assumed in the simulations to explore 
trigger performance under various hypothetical scenarios. The effectiveness and advisability of specific 
sets of AMAs to use in conjunction with the triggers are not addressed in this report.  
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Simulated annual fatalities (𝑀) were generated from random draws from a Poisson(𝜆) 
distribution, where 𝜆 is a fixed value that varies by scenario. Given 𝑀 fatalities, simulated carcass 
counts (𝑋) were generated as random draws from a binomial(𝑀,𝑔)0F

1. Triggers were then tested year-by-
year on 30-year sets of counts and detection probabilities, and performance is measured in terms of 
number of fatalities realized and years of operation under each level of AMA.  

Performance of Long-Term Trigger 
The long-term trigger is designed to signal when the cumulative fatality (𝑀) has exceeded the 

permitted take limit of Τ individuals. Some key characteristics of the long-term trigger are:  
1. When the average annual take rate is significantly less than 𝜏 = Τ/𝑛, the long-term trigger is 

unlikely to ever fire under most conditions when 𝛼 = 0.5;  
2. The trigger with 𝛼 = 0.5 is not designed to prevent exceedance of take limits but to signal when 

take limits have been exceeded. Thus, when average annual take rates exceed 𝜏, the total take 
typically will have exceeded the take limit before the trigger is fired. However, smaller values of 
𝛼 result in a more sensitive long-term trigger and can be used to prevent exceedance.  

3. Although on average the trigger (with 𝛼 = 0.5) fires when 𝑀 slightly exceeds Τ, the trigger will 
sometimes fire when 𝑀 ≤ Τ and sometimes not fire until a few years after 𝑀 > Τ. This is due to 
inherent uncertainties in estimating total fatality when there is imperfect detection. Precision can 
be improved by reducing uncertainty (for example, by increasing detection probability 𝑔 though 
more intensive monitoring or by increasing Τ). Improvements in precision lead to lower 
probabilities that 𝑀 is much greater or much less than Τ when the trigger fires. Alternatively, the 
accuracy can be adjusted (for example, by changing 𝛼) to increase or decrease the sensitivity of 
the trigger, leading to earlier or later trigger firings. Adjustments to accuracy necessarily lead to 
tradeoffs between conservation and operations; that is, a decrease in average fatalities comes at a 
cost of reduced operations, and extending the years of operation before the trigger fires comes at 
a cost of greater numbers of fatalities.  

4. If the true average annual take rate (𝜆) is exactly 𝜏 = Τ/𝑛, odds are about 50-50 that actual take 
𝑀 will exceed Τ at some point in the 𝑛 years. However, exceedance is likely to be near the end 
of permit. For example, suppose 𝜆 = 𝜏 and the project operates freely throughout the course of 
the 𝑛 years of the permit, then the expected total number of fatalities is exactly the permitted 
limit: E[𝑀] = Τ. However, because of random variation in fatalities from year to year, the actual 
number of fatalities at the end of permit will rarely be Τ exactly but will be greater than Τ in 
about half the projects and less than Τ in the other half. For example, suppose at each of 100 
projects the take limit is Τ = 60 through 30 years; that is, the annual rate is 𝜆 = 2, and the 
number of fatalities each year is Poisson distributed. Then the total number of fatalities at a 
project after 30 years would be a random variable 𝑀~Poisson(60). At the end of 30 years, 𝑀 
would exceed Τ at about 47% of the projects. 

                                                 
1  For simplicity, in the simulations of the data, 𝑔 is assumed fixed, and in the estimation, 𝑔 is assumed 
known. In practice, there is potentially a large degree of uncertainty in 𝑔� (that is, uncertainty in 
estimates of 𝑔). For values of  𝛼 < 0.5, greater uncertainty in 𝑔� would generally be reflected in larger 
𝑀∗ values and earlier long-term triggering.  For values of 𝛼 > 0.5, greater uncertainty in 𝑔� would 
generally be reflected in smaller 𝑀∗ values and later long-term triggering. For 𝛼 = 0.5, uncertainty in 𝑔� 
has relatively minor  effect on average 𝑀∗ values. By contrast, greater uncertainty in 𝑔� would result in 
wider CIs for 𝜆 and less sensitive short-term triggering. The EoA software (v1.0 and later) accounts for 
uncertainty in estimates of 𝑔. 
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Results representing effects of governing parameters, operational parameters, and ecological 
parameters on (1) the number of fatalities and (2) the number of years of operation before the long-term 
trigger fires (or permit expires, whichever comes first) are presented in figures 2–13. In each figure, 
results from (approximately) 150 different scenarios are shown.  

Technical Note on Prior Distributions for 𝑀 
The 𝑀∗ estimates in the simulations are calculated using Bayes' theorem with an integrated 

discretized reference theory prior for 𝑀 as an objective prior (Berger and others, 2012). Specifically, the 
posterior distribution of 𝑀 is calculated as 𝑃(𝑀|𝑥,𝑔) = 𝑃(𝑥|𝑀,𝑔)𝑃(𝑀)

∑ 𝑃(𝑥|𝑀=𝑚,𝑔)𝑃(𝑀=𝑚)𝑚
, where 𝑃(𝑀) ∝

∫ 1/√𝑚
𝑀+1
𝑀 𝑑𝑚 = √𝑀 + 1 − √𝑀. In version 1.0 of the EoA software (Dalthorp and others, 2014), a 

uniform prior [𝑃(𝑀) ∝ 1] is used instead. In a broad sense, the two priors are similar, and results 
derived from one or the other will be negligible in most situations. However, when 𝑥 is small, the 
reference prior results in more accurate CI coverage. In practice, compared with uniform prior, the 
reference prior results in a noticeably less sensitive long-term trigger when 𝜏 is small. The authors are 
planning to use the reference prior for 𝑀 in software update EoA v2.0.  

Number of Fatalities 
In figures 2, 4, 5, 7, 8, 10, and 12, the distributions of the total number of fatalities when the 

long-term trigger fires (or 30 years, whichever comes first) are displayed as transparent boxes 
representing the inter-quartile range (IQR), or the 25th and 75th percentiles. In other words, of all the 
projects operating under the given set of parameters (𝜏, 𝜆/𝜏, etc.), one-half of the projects will have 
numbers of fatalities that will fall within the box: 25% will have numbers above the box and 25% will 
have numbers below the box. The whiskers on the boxes represent the 10th–25th percentiles and the 
75th–90th percentiles, and the horizontal lines in the centers of the boxes represent the medians. The 
blue bars represent take that is lower than Τ, and yellow represents take that is greater than Τ.  

The x-axis is divided into six sections based on the ratio of actual fatality rate to permitted rate, 
𝜆/𝜏. For example, in the right-most section, the actual fatality rate is 3 times the permitted rate. 
Subdivisions within a given 𝜆/𝜏 section correspond to different values of permitted take 𝜏. Boxes within 
the 𝜏-subdivisions represent different detection probabilities 𝑔, increasing from left to right. 
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Figure 2.  Total number of fatalities under long-term trigger, with 𝛼 = 0.5 and 𝜌∞ = 0; that is, adaptive 
management action reduces fatality to 0 after trigger fires. Boxes represent distributions of cumulative total fatalities 
when long-term trigger fires or 30-year permit expires (whichever comes first). The five boxes within each subgroup 
represent different monitoring protocols and detection probabilities. In the first four boxes, 𝑔 is 0.3 for each of the 
first 3 years and, from left to right, 𝑔 = 0.08, 0.12, 0.15, and 0.3 in the following 27 years. In the right-most box, 
detection probability is 1 in all years. See table 1 for explanation of terms used here. 

In figure 2, 𝛼 is set at 0.5, and it is assumed that the avoidance AMAs that are implemented after 
the long-term trigger fires are successful in reducing the fatality rate to 0 in future years (𝜌∞ = 0).  

In the scenarios with 𝜆 < 𝜏, the 90th percentiles of fatalities were consistently well below Τ. 
Total fatality was almost entirely independent of 𝑔 because fatalities rates were low enough that the 
long-term trigger rarely fired, and AMA was rarely required. However, there appears to be a slight trend 
toward greater fatality (closer to Τ) with greater detection probability when 𝜆/𝜏 = 0.75, especially 
when 𝜏 is small. This is a result of the greater precision associated with higher detection probability, 
which results in less uncertainty and less frequent trigger firings when 𝜆 < 𝜏. The phenomenon is 
reflected more clearly in the data showing years of operation before the long-term trigger fires (for 
example, in fig. 3).  

In the scenarios with 𝜆 > 𝜏, average numbers of fatalities are consistently greater than Τ because 
the trigger is designed to signal when 𝑀 > Τ rather than to prevent exceedance. Increasing the detection 
probability has little effect on the resulting average fatality rates, but the variance in the number of 
fatalities consistently decreases.  
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In the scenarios with 𝜆 = 𝜏, the average number of fatalities is less than Τ. This is to be 
expected. When 𝜆 = 𝜏 and the turbines operate freely through the entire life of the project, on average 
there will be Τ fatalities after 30 years. However, as discussed earlier, the number of fatalities will 
exceed Τ nearly one-half of the time. In those cases, the long-term trigger should fire and thereby lower 
the mean by clipping off the tops of the distributions.  

Number of Years Until Trigger Fires 
The number of years of operation until the long-term trigger fires is a function of the total take 

permitted (Τ), the governing 𝛼, fatality rate (𝜆 per year), and the detection probability (𝑔). In figure 3, 
the distributions of the total number of years of operation before the long-term trigger fires (or 30 years, 
whichever comes first) are displayed as colored bars representing the 10th, 25th, 50th, 75th, and 90th 
percentiles along with dots representing the means. 
 

 
 
Figure 3. Years of operation before long-term trigger fires, with 𝛼 = 0.5. Color bars represent distributions of 
years of operation before long-term trigger is fired or 30-year permit expires (whichever comes first). The five boxes 
within each 𝜏-subgroup represent different monitoring protocols and detection probabilities. In the first four boxes, 
𝑔 is 0.3 for each of the first 3 years and, from left to right, 𝑔 = 0.08, 0.12, 0.15, and 0.3 in the following 27 years. 
In the right-most box, detection probability is 1 in all years. See table 1 for explanation of terms used here. 
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Because the number of years of operation is truncated at 30, the average will necessarily be ≤30, 
resulting in an artificially pessimistic perception of average number of years of operation for scenarios 
with λ ≤ τ. A more informative statistic is the median. In scenarios with 𝜆 > 𝜏 (the three sections on the 
right half of fig. 3), the median number of years of operation before the long-term trigger fires is 
approximately 30/(𝜆/𝜏), which is as expected. For example, in the right-most section, the actual rate is 
3 times the permitted rate, and the trigger fires about one-third of the way through the permit when the 
expected number of fatalities reaches Τ. Two other general patterns that are apparent in the sections with 
𝜆/𝜏 > 1 and 𝑔 < 1 are that, although the median number of years of operation is fairly constant 
regardless of 𝑔 and 𝜏, the variance decreases markedly as 𝜏 and 𝑔 increase. When 𝑔 = 1, though, the 
average number of years of operations before triggering tends to be greater than it is when 𝑔 < 1 
because with smaller 𝑔 values, it becomes more likely that exceedance goes undetected for several 
years, resulting in right-skewed distributions.   

In scenarios with 𝜆 < 𝜏, most projects run the full 30 years without the long-term trigger firing. 
As with the scenarios where 𝜆 > 𝜏, lower 𝑔 and lower 𝜏 are reflected in greater variances. However, 
unlike the 𝜆 > 𝜏 scenarios, increasing 𝑔 or 𝜏 can have a significant effect on the number of years of 
operation before the trigger fires. That is because when 𝜆 < 𝜏, the primary driver of triggering is 
uncertainty, so decreasing the uncertainty by raising 𝑔, can reduce the frequency of trigger firings.  

When 𝜆 = 𝜏, the total fatality 𝑀 will eventually exceed Τ in nearly half of the projects. The 
timing of actual exceedance is reflected in the right-most bar in each subgroup where (𝑔 = 1 and perfect 
detection). When 𝜏 is large, all the means (including 𝑔 = 0.08) are close to the perfect detection 
scenario. For smaller 𝜏, detection probability becomes increasingly important.  

The years of operation are extended most effectively by increasing 𝑔 (when 𝜏 and 𝜆 are small), 
decreasing 𝜆 (when 𝜏 and 𝜆 are large) or increasing 𝜏.  

Effect of Imperfect Avoidance as an Adaptive Management Action after Long-Term Trigger Fires 
After the long-term trigger fires, AMAs may be implemented to avoid subsequent take. One 

scenario might be that projects begin with minimization measures (for example, curtailment at wind 
speeds lower than 5.0 m/s at night during the season when bats are active) that are expected to reduce 
fatality rates to 40% of what they would be under free operations. When the long-term trigger is fired, 
AMA for full avoidance may be required (for example, curtailment at winds <6.9 m/s). The assumption 
is that the AMA prevents all further fatalities. If the avoidance AMA were only 95% effective (𝜌∞ =
0.05) rather than 100% effective at reducing fatalities, total fatality at the end of 30 years would be as 
shown in figure 4. In each scenario, operations continue at baseline conditions (that is, with prophylactic 
curtailment at 5.0 m/s and 𝜌 = 0.4) until the long-term trigger fires. In subsequent years, fatalities 
accumulate at 5% of the uncurtailed rate (or 12.5% of baseline).  

The effect of imperfect avoidance AMA has negligible effect when 𝜆 < 𝜏 because the AMA is 
rarely triggered. When 𝜆 = 𝜏, avoidance AMA is not infrequently triggered, but triggering would occur 
late in the project, leaving little opportunity for many additional fatalities to accumulate. When 𝜆/𝜏 = 3, 
however the total number of fatalities may substantially exceed Τ because there is a long period (about 
20 years) of accumulation of additional fatalities after the trigger fires.  
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Figure 4.  Total number of fatalities under long-term trigger, with 𝛼 = 0.5 and 𝜌∞ = 0.05. Boxes represent 
distributions of cumulative total fatalities when long-term trigger fires or 30-year permit expires (whichever comes 
first). The five boxes within each subgroup represent different monitoring protocols and detection probabilities. In 
the first four boxes, 𝑔 is 0.3 for each of the first 3 years and, from left to right, 𝑔 = 0.08, 0.12, 0.15, and 0.3 in 
the following 27 years. In the right-most box, detection probability is 1 in all years. See table 1 for explanation of 
terms used here. 
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Fatalities and Operations with Significance Level (𝛼) Equal to 0.2  
Setting 𝛼 = 0.5 gives maximum accuracy but regularly allows exceedance if the baseline fatality 

rate exceeds 𝜏. By setting 𝛼 = 0.2, the trigger is designed to fire frequently enough to prevent 𝑀 from 
exceeding Τ approximately 80% of the time even when 𝜆 > 𝜏. This effect is evident in figure 5, which 
shows the distributions of total fatality with 𝛼 = 0.2. The tops of the IQR boxes for the scenarios with 
𝜆 > 𝜏 are in rough alignment with Τ (except in the case of perfect detection). Where 𝜆 = 𝜏, the actual 
number of fatalites exceeds Τ in about 10% of projects. 

 

 
 
Figure 5.  Total number of fatalities under long-term trigger, with 𝛼 = 0.2 and 𝜌∞ = 0. Boxes represent 
distributions of cumulative total fatalities when long-term trigger fires or 30-year permit expires (whichever comes 
first). The five boxes within each subgroup represent different monitoring protocols and detection probabilities. In 
the first four boxes, 𝑔 is 0.3 for each of the first 3 years and, from left to right, 𝑔 = 0.08, 0.12, 0.15, and 0.3 in 
the following 27 years. In the right-most box, detection probability is 1 in all years. See table 1 for explanation of 
terms used here. 
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Where 𝜆 > 𝜏, the effects on operations of using 𝛼 = 0.2 rather than 𝛼 = 0.5 is to reduce both 
the mean and variance of the number of years of operation before trigger firing (fig. 6). Where 𝜆 ≤ 𝜏, 
the effect on operations is more substantial, with the average number of years until triggering reduced 
by approximately 8 years in many scenarios. 

Despite the conservative buffer provided by using 𝛼 = 0.2 instead of 𝛼 = 0.5, when the 
avoidance AMA is only 95% effective (fig. 7), the continued accumulation of fatalities after the long-
term trigger firings still resulted in fatalities exceeding Τ by around 60 (or 25%) in projects where the 
baseline fatality rate was much higher than the permitted rate (𝜆 = 3𝜏).  
 

 
 
Figure 6.  Years of operation before long-term trigger fires, with 𝛼 = 0.2. Color bars represent distributions of 
years of operation before long-term trigger is fired or 30-year permit expires (whichever comes first). The five boxes 
within each 𝜏-subgroup represent different monitoring protocols and detection probabilities. In the first four boxes, 
𝑔 is 0.3 for each of the first 3 years and, from left to right, 𝑔 = 0.08, 0.12, 0.15, and 0.3 in the following 27 years. 
In the right-most box, detection probability is 1 in all years. See table 1 for explanation of terms used here. 
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Figure 7.  Total number of fatalities under long-term trigger, with 𝛼 = 0.2 and 𝜌∞ = 0.05. Boxes represent 
distributions of cumulative total fatalities when long-term trigger fires or 30-year permit expires (whichever comes 
first). The five boxes within each subgroup represent different monitoring protocols and detection probabilities. In 
the first four boxes, 𝑔 is 0.3 for each of the first 3 years and, from left to right, 𝑔 = 0.08, 0.12, 0.15, and 0.3 in 
the following 27 years. In the right-most box, detection probability is 1 in all years. See table 1 for explanation of 
terms used here. 

 

Long-Term Trigger with High Detection Probabilities 
The low detection probabilities (𝑔 = 0.08, 0.12, and 0.15) featured in the previous examples are 

not unusual when monitoring for bats, but much higher detection probabilities are attainable when 
monitoring for larger, more persistent carcasses like eagles. The following set of figures (8–13) shows 
what can be expected when detection probabilities are 𝑔 = 0.80 in an initial 3-year monitoring period 
followed by 27 years of monitoring at 𝑔 = 0, 0.3, or 0.8 in various combinations of repeating 5-year 
blocks. Specifically, for the full 30 years, the monitoring schedules that were analyzed are (from least 
intensive to most intensive) are detailed in table 2. 
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Table 2.  Monitoring schedules in simulations with high detection probabilities. 
 

(1) 0.8, 0.8, 0.8 + 0.0, 0.0, 0.0, 0.0, 0.8 …  

(2) 0.8, 0.8, 0.8 + 0.0, 0.0, 0.0, 0.8, 0.8 … 

(3) 0.8, 0.8, 0.8 + 0.3, 0.3, 0.3, 0.3, 0.3 … 

(4) 0.8, 0.8, 0.8 + 0.3, 0.3, 0.3, 0.3, 0.8 … 

(5) 0.8, 0.8, 0.8 + 0.3, 0.3, 0.3, 0.8, 0.8 … 

 
 

Under the long-term trigger at 𝛼 = 0.5 and with 100% effective avoidance AMA after 
triggering, the average total number of fatalities at the end of a 30-year permit (fig. 8) had little 
dependence on the monitoring schedule. However, there were noticeable differences in variability of 
fatality rates in scenarios with 𝜆 ≥ 𝜏.  
 

 

Punctuated monitoring 

Continuous monitoring 

 
Figure 8.  Total number of fatalities under long-term trigger with high detection probabilities, with 𝛼 = 0.5. Boxes 
represent distributions of cumulative total fatality when long-term trigger fires or 30-year permit expires (whichever 
comes first). The five boxes within each subgroup represent different monitoring protocols and detection 
probabilities, corresponding to the five monitoring schedules in table 2, respectively. See table 1 for explanation of 
terms used here. 
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Similarly, the average number of years of operation before triggering (fig. 9) also had little 
dependence on monitoring schedule, except when 𝜏 was ≤1. However, in the scenarios with those low 
permitted take rates, triggering tended to be several years earlier under the punctuated monitoring 
schedules (𝑔 = 0, 0, 0, 0, 0.8 and 𝑔 = 0, 0, 0, 0.8, 0.8) than under continuous monitoring schedules 
(𝑔 = 0.3 or more each year).  
 

 
 
Figure 9.  Years of operation before long-term trigger fires with high detection probabilities, with 𝛼 = 0.5. Color 
bars represent distributions of years of operation before long-term trigger is fired or 30-year permit expires 
(whichever comes first). From left to right, the five boxes within each 𝜏-subgroup represent increasing levels of 
monitoring intensity, corresponding to the monitoring schedules listed in table 2. See table 1 for explanation of 
terms used here. 

  



21 
 

Under a governing parameter of 𝛼 = 0.2, the differences between puncuated and continuous 
monitoring schedules were more pronounced than under 𝛼 = 0.5, with the punctuated monitoring 
schedules associated with lower fatality rates (fig. 10) and substantially earlier trigger firings (fig. 11). 
In the most extreme case—with a low permitted rate of 𝜏 = 0.5 and a baseline fatality rate of 𝜆 =
0.5𝜏—light, yearly monitoring at 𝑔 = 0.3 postponed triggering by more than 20 years on average 
compared with intensive monitoring at 𝑔 = 0.8 one year in five with no monitoring in the intervening 
years (fig. 11, left-most panel). However, the punctuated monitoring schedules resulted in earlier trigger 
firing in virtually all scenarios. The only exceptions are where the long-term trigger did not fire under 
either schedule— namely, 𝜆 = 𝜏/2 and 𝜏 ≥ 4. 
 

 
 
Figure 10.  Total number of fatalities under long-term trigger with high detection probabilities, with 𝛼 = 0.2. Boxes 
represent distributions of cumulative total fatalities when long-term trigger fires or 30-year permit expires 
(whichever comes first). The five boxes within each subgroup represent different monitoring protocols and detection 
probabilities, corresponding to the five monitoring schedules in table 2, respectively. See table 1 for explanation of 
terms used here. 
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Figure 11.  Years of operation before long-term trigger fires with high detection probabilities, with 𝛼 = 0.2. Color 
bars represent distributions of years of operation before long-term trigger is fired or 30-year permit expires 
(whichever comes first). From left to right, the five boxes within each 𝜏-subgroup represent increasing levels of 
monitoring intensity, corresponding to the monitoring schedules listed in table 2. See table 1 for explanation of 
terms used here. Patterns under scenarios with 𝛼 = 0.1 were qualitatively similar to those with 𝛼 = 0.2, but with 
earlier triggering in all cases (figs. 12 and 13). 
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Figure 12.  Total number of fatalities under long-term trigger with high detection probabilities, with 𝛼 = 0.1. Boxes 
represent distributions of cumulative total fatality when long-term trigger fires or 30-year permit expires (whichever 
comes first). The five boxes within each subgroup represent different monitoring protocols and detection 
probabilities, corresponding to the five monitoring schedules in table 2, respectively. See table 1 for explanation of 
terms used here. 
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Figure 13.  Years of operation before long-term trigger fires with high detection probabilities, with 𝛼 = 0.1. Color 
bars represent distributions of years of operation before long-term trigger is fired or 30-year permit expires 
(whichever comes first). From left to right, the five boxes within each 𝜏-subgroup represent increasing levels of 
monitoring intensity, corresponding to the monitoring schedules listed in table 2. See table 1 for explanation of 
terms used here. 

 

Effect of Probability of Detection on Years of Operation before Long-Term Trigger 
In figures 14–18, the cumulative probability of triggering is plotted as a function of the number 

of years of operation for scenarios in which monitoring in the initial 3 years of the project is at 𝑔0 = 0.3 
and at 𝑔𝑅𝑃 = 0.08, 0.12, 0.15, 0.3, and 1 in the 27 remaining years of the project (with different lines for 
each value of 𝑔). For example, in the top left panel of figure 14 illustrating results for 𝜏 = 0.5,𝛼 =
0.5, and 𝜆/𝜏 = 0.5, about 50% of projects operating with 𝑔 = 0.08 in years 4–30 complete the full 
course of 30 years without triggering (solid black line), whereas less than 10% of projects operating 
with 𝑔 = 0.3 in the out years trigger within 30 years (blue line). In the scenario with 𝜏 = 0.5,𝛼 =
0.5, and 𝜆/𝜏 = 1, 20% of the projects with 𝑔 = 0.08 trigger within about 10 years, but searching at 
𝑔 = 0.3 pushes that 20% mark out to about 20 years. 

Greater detection probabilities generally led to longer periods of operation before the long-term 
trigger fired. The effect was clearest at 𝜏 = 1 (fig. 15). For example, at 𝛼 = 0.5, 𝜏 = 1, and 𝜆/𝜏 = 0.75, 
the long-term trigger fired within 30 years in about one-fourth of the projects monitored at 𝑔 = 0.15 in 
the out years (fig. 15, middle left panel, green line), but the trigger fired within 17 years for one-fourth 
of the projects monitored at 𝑔 = 0.08, indicating that the more intensive monitoring greatly extended 
the period of baseline operations. 
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Figure 14.  Detection probability (𝑔) and years of operation, with 𝜏 = 0.5. See table 1 for explanation of terms 
used here. 
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Figure 15.  Detection probability (𝑔) and years of operation, with 𝜏 = 1. See table 1 for explanation of terms used 
here. 
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Figure 16.  Detection probability (𝑔) and years of operation, with 𝜏 = 2. See table 1 for explanation of terms used 
here. 
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Figure 17.  Detection probability (𝑔) and years of operation, with 𝜏 = 4. See table 1 for explanation of terms used 
here. 
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Figure 18.  Detection probability (𝑔) and years of operation, with 𝜏 = 8. See table 1 for explanation of terms used 
here. 
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Performance of Short-Term Trigger 
The short-term trigger fires when 𝑃(𝜆 ≤ 𝜏) < 𝛼′, indicating that the average annual take rate of 

𝜏 is being exceeded. The performance of the trigger in terms of how frequently it fires for the same sets 
of scenarios for which the long-term trigger was analyzed is shown in figures 19–27. The figures show 
only the frequency of trigger firings and do not assume any program of incremental AMAs is taken. The 
analyses indicate how well the trigger can distinguish between fatality rates that exceed 𝜏 and rates that 
do not for various combinations of values of governing parameters (𝛼′ and 𝜏), detection probabilities 
(𝑔), and baseline fatality rates (𝜆). The results can be used to help inform the development of a program 
of AMAs to respond to evolving information about fatality rates. 

In the figures 19–26, green represents the fraction of projects in which the short-term trigger 
never fires, and gray represents the fraction of projects in which the trigger fires more than three times. 
Yellow, red, and blue correspond to 1, 2, and 3 trigger fires, respectively. A perfect trigger would yield 
solid green on the left (never firing when 𝜆 ≤ 𝜏) and solid gray on the right (reliably firing frequently 
when 𝜆 > 𝜏), but, in the absence of perfect information, the objective is to define a trigger that strikes an 
appropriate balance between operational costs and conservation benefits. Higher values of 𝛼′ result in 
higher probabilities of the trigger firing and more gray on both halves of the graph. By contrast, higher 
values of 𝜏 give better precision, which increases the gray on the right half and green on the left. 
Similarly, higher 𝑔 values give better precision and tend to increase gray on the right half and green on 
the left. Requiring 2 additional years of intensive monitoring after the short-term trigger fires has no 
effect on the green, but does increase the frequency of firing on the right half of the graph (more gray) 
and decreases the frequency on the left (less gray in exchange for more yellow, red, blue). 

In all figures, the detection probability in the first 3 years of the project is assumed to be 
𝑔0 = 0.3. Varying among rows of figures are the detection probabilities in the out years (𝑔𝑅𝑃 =
0.08, 0.12, 0.15, 0.30 in years 4–30). In the left column of figures, additional intensive monitoring is not 
required after trigger is fired. In the right column, 2 years of intensive monitoring (𝑔 = 0.3) is required 
after trigger fires. The governing 𝛼′ is 0. 01 in figures 19–22 and, 𝛼′ = 0.05 in the figures 23-26. The 
performance of the trigger depends on the value of 𝛼′ for which it is defined, the detection probability 
(𝑔), the permitted take (𝜏), how well the permitted take reflects actual take rate (𝜆/𝜏), and whether or 
not intensive monitoring is required after the trigger fires. 
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Figure 19.  Distribution of number of trigger firings in 30-year projects, with 𝛼 = 0.01; detection probability 
𝑔0 = 0.3 in years 1–3 and 𝑔𝑅𝑃 = 0.08 in years 4–30. See table 1 for explanation of terms used here. 

 

Distinguishing between Actual Average Take Rate Equal to or Greater Than Permitted Take Rate  
For scenarios with 𝛼′ = 0.01 and 𝑔 = 0.08 in the out years, the trigger is unlikely to fire at all in 

the course of a 30-year permit if 𝜆 < 𝜏 and 𝜏 ≥ 1. The probability of the short-term trigger firing a 
single time during the course of the 30-year permit is roughly 12% both in the 𝜆 = 𝜏 scenarios and the 
𝜆 = 1.5𝜏 scenarios, so a single triggering event does not reliably distinguish between 𝜆 = 𝜏 and 
𝜆 = 1.5𝜏. However, multiple triggering events are much more likely at 𝜆 = 1.5𝜏 than they are at 𝜆 = 𝜏, 
and two triggerings may be required to adequately distinguish between 𝜆 = 𝜏 and 𝜆 > 𝜏. Two years of 
intensive monitoring (𝑔 = 0.3) after the short-term trigger fires has the effect of delaying the second 
triggering, which is reflected in the differences in size of the yellow bars in the figures in the left column 
versus those in the right column. Increasing the detection probability improves the precision of the 
estimates and generally increases the power to distinguish between 𝜆 = 𝜏 and 𝜆 > 𝜏 (fig. 19). When 
𝜆 = 3𝜏, the short-term trigger fires frequently, and it is unlikely that a fatality rate that high would pass 
undetected for more than a few years. 
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Figure 20.  Distribution of number of trigger firings in 30-year projects, with 𝛼 = 0.01; detection probability 
𝑔0 = 0.3 in years 1–3 and 𝑔𝑅𝑃 = 0.12 in years 4–30. See table 1 for explanation of terms used here. 

 
Figure 21.  Distribution of number of trigger firings in 30-year projects, with 𝛼 = 0.01; detection probability 
𝑔0 = 0.3 in years 1–3 and 𝑔𝑅𝑃 = 0.15 in years 4–30. See table 1 for explanation of terms used here. 
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Figure 22.  Distribution of number of trigger firings in 30-year projects, with 𝛼 = 0.01; detection probability 
𝑔0 = 0.3 in years 1–3 and 𝑔𝑅𝑃 = 0.3 in years 4–30. See table 1 for explanation of terms used here. 

Increasing the value of 𝛼′ increases the sensitivity of the trigger. The abundance of gray in the 
left halves of figures 23–26 indicates that defining 𝛼′ = 0.05 results in frequent trigger firings when 
𝜆 < 𝜏.  
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Figure 23.  Distribution of number of trigger firings in 30-year projects, with 𝛼 = 0.05; detection probability 
𝑔0 = 0.3 in years 1–3 and 𝑔𝑅𝑃 = 0.08 in years 4–30. See table 1 for explanation of terms used here. 

 
Figure 24.  Distribution of number of trigger firings in 30-year projects, with 𝛼 = 0.05; detection probability 
𝑔0 = 0.3 in years 1–3 and 𝑔𝑅𝑃 = 0.12 in years 4–30. See table 1 for explanation of terms used here. 
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Figure 25.  Distribution of number of trigger firings in 30-year projects, with 𝛼 = 0.05; detection probability 
𝑔0 = 0.3 in years 1–3 and 𝑔𝑅𝑃 = 0.15 in years 4–30. See table 1 for explanation of terms used here. 

 
Figure 26.  Distribution of number of trigger firings in 30-year projects, with 𝛼 = 0.05; detection probability 
𝑔0 = 0.3 in years 1–3 and 𝑔𝑅𝑃 = 0.3 in years 4–30. See table 1 for explanation of terms used here. 
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Behavior of the Short-Term Trigger in the First 2 Years 
In the first 2 years of a project, the trigger tests the cumulative total number of observed 

carcasses 𝑋 against the 3-year permitted rate. For example, for the trigger to fire in the first year, the 
number of carcasses found would have to be so large that it would be unusual to see that many in 2 
years if the rate were within the permitted range. Thus, the short-term trigger is very unlikely to fire in 
the first 2 years unless 𝜆 ≫ 𝜏 (fig. 27), and trigger firings in the first 2 years are an especially strong 
indication of exceedance.  

 
Figure 27.  Probability that the short-term trigger fires in 2 years of monitoring at 𝑔 = 0.3. See table 1 for 
explanation of terms used here. 

 

Interaction of Short- and Long-Term Triggers 
The long-term trigger is straightforward in its aims and implementation—to determine when the 

cumulative number of fatalities (𝑀) has exceeded permitted total (Τ) and then prevent further fatalities. 
The short-term trigger is designed to signal when the average take rate (𝜆) exceeds annual permitted rate 
(𝜏). The short-term trigger may be used to detect excessive take rates in the early years of a permit or 
signal changes in take rates that may warrant AMA. A series of incremental AMAs may be defined to 
take effect as warranted by the patterns of short-term triggering. Incremental AMAs may include 
periods of intensive monitoring, actions to reduce fatality rates, adjustment of 𝜏 to better match true 
fatality rates, or other actions. Incremental AMAs can be used to correct initial errors in predicting take 
(𝜏), prevent or postpone long-term exceedance, and extend the period of operations before the long-term 
trigger fires.  
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There are innumerable possibilities for defining a program of incremental AMAs, and only a 
small set of possibilities is addressed in this report. The following figures (figs. 28–35) portray the 
distributions of total fatality and years of operations under each step of incremental AMAs when the 
long-term and short-term triggers are both acting, and specific programs of incremental AMAs are 
implemented in conjunction with short-term triggering at 𝛼′ = 0.01. Each of the first two times the 
short-term trigger is fired, pre-defined AMAs are implemented that change the fatality rate by a factor 
of 𝜌 (with 𝜌 = 1, 0.841, 0.707, and 0.5 in different scenarios) followed by 2 years of intensive 
monitoring (𝑔 = 0.3). The AMA for the third short-term triggering is full avoidance (as with AMA for 
the long-term trigger). Although the AMAs discussed here are limited to three steps until full avoidance, 
there could be any number of increments culminating in a final stage that may differ from the full 
avoidance AMA that is required for the long-term trigger. The actual effectiveness that a given AMA 
will have cannot be known in advance but must be predicted from previous data, studies, or models. 
However, compliance with the ITP is based on take estimate rather than the realized effectiveness of a 
given AMA.  

Results are compared for the following programs of incremental AMAs: 
1. no short-term trigger and no AMAs, 
2. ineffective AMA with 𝜌 = 1 for increments 1 and 2; full avoidance for increment 3, 
3. AMA with 𝜌 = 0.841 for increments 1 and 2 (that is, the first AMA reduces rate to 0.841𝜆 and 

the second AMA reduces rate to 0.8412𝜆 = 0.707𝜆), 
4. AMA with 𝜌 = 0.707 for increments 1 and 2; full avoidance for increment 3, 
5. AMA with 𝜌 = 0.5 for increments 1 and 2; full avoidance for increment 3. 

Programs 2–5 all require 2 years of intensive monitoring (𝑔 = 0.3) for increments 1 and 2.  
The distributions of total fatality at the end of 30 years are represented as boxplots, with 

programs 1–5 running from left to right, respectively, within each subgroup of parameters. 
NOTE: Each subgroup of boxes represents increasing effectiveness of incremental AMAs. There 

is a separate figure for each 𝑔 value in the out years (that is, 𝑔 = 0.08, 0.12, 0.15, or 0.3 for years 4–
30). 
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Figure 28.  Distributions of fatalities when both short- and long-term triggers are active, with 𝑔 = 0.08 in years 4–
30, and 𝛼 = 0.5. Boxes within each subgroup represent increasing effectiveness of adaptive management action 
(AMAs) applied when the short-term trigger fires, including: (from left to right) no AMAs, 𝜌 = 1, 𝜌 = 0.84, 𝜌 =
0.71, and 𝜌 = 0.5. Two years' monitoring at 𝑔 = 0.3 follows any short-term trigger firings. The third short-term 
trigger firing in a project results in AMAs for avoidance of further fatalities. See table 1 for explanation of terms used 
here. 

When 𝜆 ≤ 𝜏, the effectiveness of the incremental AMAs had little effect on eventual fatality 
numbers because the short-term trigger was unlikely to fire (fig. 28). However, when 𝜆 > 𝜏, the short-
term triggers and associated AMAs can have a strong effect on eventual fatality numbers. When 𝜆 > 𝜏 
and the AMAs are ineffective (𝜌 = 1, second box from left in each group), the third increment 
(avoidance AMA) is triggered early enough to result in fatality levels well below the limit. As the 
effectiveness of the AMAs improves, the fatality rates approach the limit more closely as the induced 
reductions in fatality rate extend the time until avoidance AMA is required. 

This indicates that the short-term trigger has value in identifying excessive take rates more 
rapidly than does the long-term trigger and prevents eventual exceedance of total allowable take.  

When 𝜆 ≤ 𝜏 and 𝜏 is small, the 2 years of intensive monitoring following the short-term trigger 
leads to slight increase in the years of operation before avoidance AMA even when the incremental 
AMA is ineffective at reducing the fatality rate, which is reflected in slightly shorter gray bars in the 
second columns of subgroups on the left half of figure 29. Avoidance AMA is reached almost 
exclusively by the action of the long-term trigger in all scenarios with 𝜆 ≤ 𝜏 because the short-term 
trigger is extremely unlikely to fire three times. When 𝜆 > 𝜏, the ineffective AMA does not reduce the 
fatality rate but the short-term trigger fires three times before the long-term trigger fires, which results in 
fewer years of operation prior to avoidance AMA. As the effectiveness of the AMAs increases, the 
years of operation prior to avoidance AMA also increase.  
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Figure 29.  Average number of years at each adaptive management action (AMA) level, with 𝑔 = 0.08 in years 4–
30, and 𝛼 = 0.5. Bars within each 𝜏 group correspond to effectiveness of AMAs (𝜌): from left to right, no short-
term trigger, and 𝜌 = 1, 0.84, 0.71, and 0.5. AMA levels 1 and 2 each change fatality rate by a factor of 𝜌. level 3 
AMA is full avoidance. Two years' monitoring at g = 0.3 after each increment in AMA. See table 1 for explanation of 
terms used here. 

Qualitatively, the patterns remain similar for 𝑔 = 0.12, 0.15, 0.3 in the out years, but precision 
improves (figs. 30–35). 
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Figure 30.  Distributions of fatalities when both short- and long-term triggers are active, with 𝑔 = 0.12 in years 4–
30, and 𝛼 = 0.5. Boxes within each subgroup represent increasing effectiveness of adaptive management action 
(AMAs) applied when the short-term trigger fires, including: (from left to right) no AMAs, 𝜌 = 1, 𝜌 = 0.84, 𝜌 =
0.71, and 𝜌 = 0.5. Two years' monitoring at 𝑔 = 0.3 follows any short-term trigger firings. The third short-term 
trigger firing in a project results in AMAs for avoidance of further fatalities. See table 1 for explanation of terms used 
here. 
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Figure 31.  Average number of years at each adaptive management action (AMA) level, with 𝑔 = 0.12 in years 4–
30, and 𝛼 = 0.5. Bars within each 𝜏 group correspond to effectiveness of AMAs (𝜌): from left to right, no short-
term trigger, and 𝜌 = 1, 0.84, 0.71 and 0.5. AMA levels 1 and 2 each change fatality rate by a factor of 𝜌. Level 3 
AMA is full avoidance. Two years' monitoring at g = 0.3 after each increment in AMA.  See table 1 for explanation 
of terms used here. 
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Figure 32.  Distributions of fatalities when both short- and long-term triggers are active, with 𝑔 = 0.15 in years 4–
30, and 𝛼 = 0.5. Boxes within each subgroup represent increasing effectiveness of adaptive management action 
(AMAs) applied when the short-term trigger fires, including: (from left to right) no AMAs, 𝜌 = 1, 𝜌 = 0.84, 𝜌 =
0.71, and 𝜌 = 0.5. Two years' monitoring at 𝑔 = 0.3 follows any short-term trigger firings. The third short-term 
trigger firing in a project results in AMAs for avoidance of further fatalities. See table 1 for explanation of terms used 
here. 
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Figure 33.  Average number of years at each adaptive management action (AMA) level, with 𝑔 = 0.15 in years 4–
30, and 𝛼 = 0.5. Bars within each 𝜏 group correspond to effectiveness of AMAs (𝜌): from left to right, no short-
term trigger, and 𝜌 = 1, 0.84, 0.71 and 0.5. AMA levels 1 and 2 each change fatality rate by a factor of 𝜌. Level 3 
AMA is full avoidance. Two years' monitoring at g = 0.3 after each increment in AMA. See table 1 for explanation of 
terms used here. 
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Figure 34.  Distributions of fatalities when both short- and long-term triggers are active, with 𝑔 = 0.3 in years 4–
30, and 𝛼 = 0.5.Boxes within each subgroup represent increasing effectiveness of adaptive management action 
(AMAs) applied when the short-term trigger fires, including: (from left to right) no AMAs, 𝜌 = 1, 𝜌 = 0.84, 𝜌 =
0.71, and 𝜌 = 0.5. Two years' monitoring at 𝑔 = 0.3 follows any short-term trigger firings. The third short-term 
trigger firing in a project results in AMAs for avoidance of further fatalities. See table 1 for explanation of terms used 
here. 
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Figure 35.  Average number of years at each adaptive management action (AMA) level, with 𝑔 = 0.3 in years 4–
30, and 𝛼 = 0.5. Bars within each 𝜏 group correspond to effectiveness of AMAs (𝜌): from left to right, no short-
term trigger, and 𝜌 = 1, 0.84, 0.71 and 0.5. AMA levels 1 and 2 each change fatality rate by a factor of 𝜌. Level 3 
AMA is full avoidance. Two years' monitoring at g = 0.3 after each increment in AMA.  See table 1 for explanation 
of terms used here. 

Effects of Misspecification of Effectiveness of Incremental Adaptive Management Action in the Model 
The effectiveness of incremental AMA is a parameter that is entered as "relative weight" into the 

EoA model for estimating fatality rates in years after AMAs are implemented. Because of the high 
degree of variability and uncertainty in fatality rates from year to year, the effectiveness of a particular 
AMA in a given year is difficult to assess with any useful degree of precision unless fatality rates are 
high (which, presumably they will not be because the concern is with rare species) and the AMAs are 
quite effective. The presumption is that fatality rates for the protected species will be low, and 
surrogates may be used to estimate the realized effectiveness of incremental AMAs (for example, 
assume that the proportional reduction in fatalities in protected species is the same as it is for total bat 
fatalities), or the effectiveness may be inferred from previous studies or other supplementary data. If the 
effectiveness is underestimated (for example, by assuming 𝜌 = 1 when it is really 0.7), the long-term 
trigger will tend to fire earlier than necessary, and if it overestimated (for example, assuming 𝜌 = 0.8 
when it is really 1), long-term triggering may be slightly delayed. However, as shown below (figs 36-
47), it is only under a very limited set of conditions that misspecification of 𝜌 could be a significant 
issue. In particular, the assumed weights are used in the model only in estimating the weighted average 
of detection probabilities through the years. If detection probability does not vary from year to year, the 
assumed weights have no effect whatsoever, and, unless the detection probabilities vary substantially, 
the potential practical effect of misspecification of 𝜌 is slight. The potential for error also would be 
greatest when 𝜆 ≫ 𝜏 so that the trigger fires early, and misspecification would have little or no effect in 
cases where 𝜆 < 𝜏 because the short-term trigger rarely fires in those cases. 
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Distributions of total number of fatalities after 30 years are shown in figures 36–47 under an 
adaptive management plan that involves both short- and long-term triggers with three incremental 
AMAs implemented after short-term triggers are fired. The first two steps of incremental AMA have 
true effectiveness of 𝜌𝑡𝑟𝑡𝑡 as indicated at the top of each figure. Boxes reflect actual total fatality 
numbers after making different assumptions about 𝜌, with values 1, 0.841, 0.707, and 0.5 (from left to 
right). The shaded box represents the case where assumed 𝜌 is exactly correct. Assumed effectiveness of 
AMA influences the estimates of 𝑀 and 𝜆 and thereby affects the timing of AMAs and, ultimately, total 
take. Figures 36–39 are for 𝑔𝑅𝑃 = 0.08 in the out years (that is, years 4–30); figures 40–43 are for 
𝑔𝑅𝑃 = 0.12; and figures 44–47 are for 𝑔 = 0.15. In all cases, 𝑔 = 0.3 for the first 3 years of 
monitoring. 
 

 
 
Figure 36.  Distribution of total number of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 1, 𝛼 =
0.50,𝑔 = 0.08 in years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored 
blue. See table 1 for explanation of terms used here. 
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Figure 37.  Distribution of total number of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.84, 𝛼 =
0.50,𝑔 = 0.08 in years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored 
blue. See table 1 for explanation of terms used here. 

  



48 
 

 
 
Figure 38.  Distribution of total number of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.71, 𝛼 =
0.50,𝑔 = 0.08 in years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored 
blue. See table 1 for explanation of terms used here. 
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Figure 39.  Distribution of total number of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.5, 𝛼 =
0.50,𝑔 = 0.08 in years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored 
blue. See table 1 for explanation of terms used here. 

The assumed weights only come into play when the short-term trigger is fired. This rarely 
happens when 𝜆 ≤ 𝜏, in which case the overall effect of misspecification of weights is negligible. When 
the incremental AMA is ineffective (that is, 𝜌true = 1), wrongly assuming 𝜌 = 0.841, 0.707, or 0.5 has 
little bearing on the final fatality numbers. The effect of misspecification is greatest when incremental 
AMAs are most effective (𝜌 = 0.5) and 𝜆 ≫ 𝜏. In this case, the AMAs effectively cut the fatality rate to 
low enough levels to justify substantial delay in AMA for full avoidance, but overly pessimistic 
assumptions about effectiveness discount that justification and lead to earlier trigger firings and fatality 
numbers that fall far short of permitted levels.  

Relative errors (difference between median number of fatalities when 𝜌 is misspecified and 
median when 𝜌 is not misspecified on a proportional scale) were less than 1% in most cases and 
exceeded 10% only when 𝜆/𝜏 = 3 (so the short-term trigger fires early), 𝜏 = 4 or 8, AMAs were highly 
effective (𝜌 = 0.5) and grossly misspecified (assumed 𝜌 = 1 or 0.841).  

Comparable figures for 𝑔 = 0.12 and 0.15 are given in figures 40–47. The consequences of 
misspecification are less severe in these scenarios because the differences in detection probability 
among years are less pronounced. 
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Figure 40.  Distribution of total number of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 1, 𝛼 =
0.50,𝑔 = 0.12 in years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored 
blue. See table 1 for explanation of terms used here. 
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Figure 41.  Distribution of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.84, 𝛼 = 0.50,𝑔 = 0.12 in 
years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored blue. 
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Figure 42.  Distribution of total number of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.71, 𝛼 =
0.50,𝑔 = 0.12 in years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored 
blue. See table 1 for explanation of terms used here. 
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Figure 43.  Distribution of total number of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.50, 𝛼 =
0.50,𝑔 = 0.12 in years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored 
blue. See table 1 for explanation of terms used here. 
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Figure 44.  Distribution of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 1, 𝛼 = 0.50,𝑔 = 0.15 in 
years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored blue. See table 1 
for explanation of terms used here. 
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Figure 45.  Distribution of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.84, 𝛼 = 0.50,𝑔 = 0.15 in 
years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored blue. 
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Figure 46.  Distribution of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.71, 𝛼 = 0.50,𝑔 = 0.15 in 
years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored blue. See table 1 
for explanation of terms used here. 
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Figure 47.  Distribution of fatalities after misspecification of 𝜌 in estimation; 𝜌true = 0.5, 𝛼 = 0.50,𝑔 = 0.15 in 
years 4–30. In all scenarios, 𝑔 = 0.3 in years 1–3. Boxes with 𝜌 specified correctly are colored blue. See table 1 
for explanation of terms used here. 

 

How Many Fatalities Could Occur and Not Fire the Short-Term Trigger? 
By design, to account for natural random variation among years, the short-term trigger is 

minimally sensitive to short-term fluctuations and may allow actual take to exceed the permitted 
average rate of 𝜏 for a few years. In this section, the potential for high levels of take to occur without 
firing the short-term trigger is explored. There is one graph for each combination of parameter values 
𝜏 = 0.5,1,2,4,8;  𝑔 = 0.08, 0.12, 0.15, 0.3 (for all 3 years);  and 𝛼′ = 0.01, 0.05, 0.10) with separate 
lines for different values of 𝜆/𝜏. For example, in figure 48, for parameters 𝜏 = 4 per year (or 12 in 3 
years), 𝑔 = 0.08, and 𝛼′ = 0.05, the heavy black line represents the case where 𝜆 = 𝜏 and shows the 
probability that values on the x-axis would be met or exceeded without the short-term trigger firing. For 
example, for 𝑚 = 0, the line shows the probability that 𝑀 ≥ 0 and the trigger does not fire. But 𝑀 is 
always going to be at least 0, so the y-value at 𝑚 = 0 is the probability that the trigger does not fire, 
which, when 𝜆 = 𝜏, should be approximately 1 − 𝛼′. Also note that the probability that there are 15 or 
more fatalities in a 3-year period and the trigger does not fire is about 20% when 𝜆 = 1𝜏, and there is a 
10% chance there would be 17 or more fatalities in a 3-year period. Thus, when the permitted average 
rate is 3𝜏 = 12 in 3 years, the probability that there will be 17 or more fatalities and the short-term 
trigger does not fire is 10%. Similarly, if the original take rate is 3 times the permitted level (𝜆 = 3𝜏), 
there is a 10% chance that there would be 39 or more fatalities that pass unnoticed by the short-term 
trigger. 



58 
 

  
 
Figure 48.  Potential short-term fatality breakout, with 𝜏 = 4, 𝑔 = 0.08,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Curves for all the familiar parameter combinations from previous sections are given below. 

 
 
Figure 49.  Potential short-term fatality breakout, with 𝜏 = 0.5, 𝑔 = 0.08,𝛼′ = 0.01. See table 1 for explanation 
of terms used here. 
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Figure 50.  Potential short-term fatality breakout, with 𝜏 = 1, 𝑔 = 0.08,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 

 
Figure 51.  Potential short-term fatality breakout, with 𝜏 = 2, 𝑔 = 0.08,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 52.  Potential short-term fatality breakout, with 𝜏 = 4, 𝑔 = 0.08,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 53.  Potential short-term fatality breakout, with 𝜏 = 8, 𝑔 = 0.08,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 54.  Potential short-term fatality breakout, with = 0.5 𝑔 = 0.12,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 

 
Figure 55.  Potential short-term fatality breakout, with 𝜏 = 1, 𝑔 = 0.12,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 56.  Potential short-term fatality breakout, with 𝜏 = 2, 𝑔 = 0.12,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 

 
Figure 57.  Potential short-term fatality breakout, with 𝜏 = 4, 𝑔 = 0.12,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 58.  Potential short-term fatality breakout, with 𝜏 = 8, 𝑔 = 0.12,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 

 
Figure 59.  Potential short-term fatality breakout, with 𝜏 = 0.5, 𝑔 = 0.15,𝛼′ = 0.01. See table 1 for explanation 
of terms used here. 
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Figure 60.  Potential short-term fatality breakout, with 𝜏 = 1, 𝑔 = 0.15,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 

 
Figure 61.  Potential short-term fatality breakout, with 𝜏 = 2, 𝑔 = 0.15,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 62.  Potential short-term fatality breakout, with 𝜏 = 4, 𝑔 = 0.15,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 

 
Figure 63.  Potential short-term fatality breakout, with 𝜏 = 8, 𝑔 = 0.15,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 64.  Potential short-term fatality breakout, with 𝜏 = 0.5, 𝑔 = 0.3,𝛼′ = 0.01. See table 1 for explanation 
of terms used here. 

 
Figure 65.  Potential short-term fatality breakout, with 𝜏 = 1, 𝑔 = 0.3,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 66.  Potential short-term fatality breakout, with 𝜏 = 2, 𝑔 = 0.3,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 

 
Figure 67.  Potential short-term fatality breakout, with 𝜏 = 4, 𝑔 = 0.3,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 
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Figure 68.  Potential short-term fatality breakout, with = 8, 𝑔 = 0.3,𝛼′ = 0.01. See table 1 for explanation of 
terms used here. 

 
Figure 69.  Potential short-term fatality breakout, with   = 0.5, 𝑔 = 0.08,𝛼′ = 0.05. See table 1 for explanation 
of terms used here. 
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Figure 70.  Potential short-term fatality breakout, with = 1, 𝑔 = 0.08,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 71.  Potential short-term fatality breakout, with 𝜏 = 2 𝑔 = 0.08,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Figure 72.  Potential short-term fatality breakout, with 𝜏 = 4, 𝑔 = 0.08,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 73.  Potential short-term fatality breakout, with = 8, 𝑔 = 0.08,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Figure 74.  Potential short-term fatality breakout, with = 0.5, 𝑔 = 0.12,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 75.  Potential short-term fatality breakout, with = 1, 𝑔 = 0.12,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Figure 76.  Potential short-term fatality breakout, with   = 2, 𝑔 = 0.12,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 77.  Potential short-term fatality breakout, with  𝜏 = 4, 𝑔 = 0.12,𝛼′ = 0.05. See table 1 for explanation 
of terms used here. 
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Figure 78.  Potential short-term fatality breakout, with   = 8, 𝑔 = 0.12,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 79.  Potential short-term fatality breakout, with = 0.5, 𝑔 = 0.15,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Figure 80.  Potential short-term fatality breakout, with = 1, 𝑔 = 0.15,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 81.  Potential short-term fatality breakout, with = 2, 𝑔 = 0.15,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Figure 82.  Potential short-term fatality breakout, with = 4, 𝑔 = 0.15,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 83.  Potential short-term fatality breakout, with   = 8, 𝑔 = 0.15,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Figure 84.  Potential short-term fatality breakout, with   = 0.5, 𝑔 = 0.3,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 85.  Potential short-term fatality breakout, with = 1, 𝑔 = 0.3,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Figure 86.  Potential short-term fatality breakout, with = 2, 𝑔 = 0.3,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 
Figure 87.  Potential short-term fatality breakout, with = 4, 𝑔 = 0.3,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 
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Figure 88.  Potential short-term fatality breakout, with = 8, 𝑔 = 0.3,𝛼′ = 0.05. See table 1 for explanation of 
terms used here. 

 

Reversion Trigger 
The probability of reversion after 𝑖 years for the given scenarios and four different choices of 𝛼 

(0.5, 0.2, 0.1, 0.05) are shown in figures 89–100.  
In each figure, the distribution of the number of years of operation before reversion is displayed 

with the actual fatality rate (𝜆/yr) on the x-axis and the years until reversion on the y-axis for values of 
𝜆 = 𝜏𝜏

2
, 𝜏𝜌, 𝜏(𝜏+1)

2
, 𝜏. In the scenarios with 𝜆 = 𝜏𝜌 (second major subdivision in each figure), reversion 

would (presumably) raise the average fatality rate to the permitted level of 𝜏. Each figure represents a 
unique combination of 𝛼 and 𝜌. 

In the first scenario (fig. 89), the AMA under consideration has assumed effectiveness of 
𝜌 = 0.5, and the test is conducted with a significance level of 𝛼 = 0.5. When the fatality rate was one-
half of what was required for reversion (𝜆 = 𝜏𝜌/2), reversion was common in the first few years of a 
project, but reversion occurred later for smaller values of 𝜏 and for lower detection probabilities. As 
expected, reversion was less common and tended to occur later for larger values of 𝜆. 

When 𝜆 = 𝜏 and reversion was not justified, reversion still occurred in a sizeable fraction of 
projects, especially with the smaller thresholds (𝜏 < 2). Decreasing the value of 𝛼 made the reversion 
trigger less sensitive (figs. 90–92) resulting in later (and less frequent) reversion.  
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Figure 89.  Distribution of years before reversion, with 𝜌 = 0.50,𝛼 = 0.50. The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 

 
Figure 90.  Distribution of years before reversion, with 𝜌 = 0.50,𝛼 = 0.20. The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 
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Figure 91.  Distribution of years before reversion, with 𝜌 = 0.50,𝛼 = 0.10.The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 

 
Figure 92.  Distribution of years before reversion, with 𝜌 = 0.50,𝛼 = 0.05. The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 
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As the effectiveness of the AMA to be reversed decreased (that is, 𝜌 increased), reversion 
became increasingly likely and occurred earlier (figs. 93–100). 
 

 
Figure 93.  Distribution of years before reversion, with 𝜌 = 0.71,𝛼 = 0.5. The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 

  



83 
 

 
Figure 94.  Distribution of years before reversion, with 𝜌 = 0.71,𝛼 = 0.2.The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 

 
Figure 95.  Distribution of years before reversion, with 𝜌 = 0.71,𝛼 = 0.1. The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 
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Figure 96.  Distribution of years before reversion, with 𝜌 = 0.71,𝛼 = 0.05. The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 

 
Figure 97.  Distribution of years before reversion, with 𝜌 = 0.84,𝛼 = 0.5.The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 
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Figure 98.  Distribution of years before reversion, with 𝜌 = 0.84,𝛼 = 0.2.The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 

 
Figure 99.  Distribution of years before reversion, with 𝜌 = 0.84,𝛼 = 0.1. The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 
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Figure 100.  Distribution of years before reversion, with 𝜌 = 0.84,𝛼 = 0.05. The four bars within each subgroup 
represent 𝑔 = 0.08, 0.12, 0.15, 0.3, respectively, in years 4–27. In all scenarios, 𝑔 = 0.3 in years 1–3. See 
table 1 for explanation of terms used here. 

 
As expected, less effective constraints were more commonly reversed. 
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Evidence of Absence Software User Guide

By Dan Dalthorp1, Manuela Huso1, David Dail2, and Jessica Kenyon1

Abstract
Evidence of Absence software (EoA) is a user-friendly 
application used for estimating bird and bat fatalities at 
wind farms and designing search protocols. The software 
is particularly useful in addressing whether the number of 
fatalities has exceeded a given threshold and what search 
parameters are needed to give assurance that thresholds were 
not exceeded. The software is applicable even when zero 
carcasses have been found in searches. Depending on the 
effectiveness of the searches, such an absence of evidence 
of mortality may or may not be strong evidence that few 
fatalities occurred. Under a search protocol in which carcasses 
are detected with nearly 100 percent certainty, finding 
zero carcasses would be convincing evidence that overall 
mortality rate was near zero. By contrast, with a less effective 
search protocol with low probability of detecting a carcass, 
finding zero carcasses does not rule out the possibility that 
large numbers of animals were killed but not detected in the 
searches. EoA uses information about the search process 
and scavenging rates to estimate detection probabilities to 
determine a maximum credible number of fatalities, even 
when zero or few carcasses are observed. 

Introduction
The Evidence of Absence software addresses two broad 
questions:

1. Planning (pre-sampling): What monitoring protocol 
(search interval, searcher efficiency, search coverage, 
carcass persistence pattern, etc) will allow us to 
assert with 100(1 – α)% credibility that some fatality 
threshold (τ) was not exceeded given that x carcasses 
are observed?

2. Estimation (post-sampling): Given the number of 
carcasses observed (potentially zero), search effort, 
and estimated detection probability parameter 
values, what fatality levels can be ruled out? Users 

will be able to make statements like, “Given the 
observed carcass count and search parameters, 
the probability that actual number of fatalities of 
RareSpeciesX exceeded a set limit, τ, is ≤ α.”

Other statistical tools we currently have for estimating actual 
fatality from observed carcasses (for example, Shoenfeld, 
2004; Huso, 2011; Korner-Nievergelt and others, 2011; 
Warren-Hicks and others, 2013) are fairly robust when 
observed carcass counts are high, but these tools cannot 
estimate a non-zero fatality rate if no carcasses are observed. 
EoA uses Bayes’ formula to calculate credible intervals for the 
actual mortality. The conceptual framework for this approach 
can be found in Huso and others (in press).

Installation Instructions
The freeware statistics software, R, is the main calculation and 
graphics engine for the Evidence of Absence software. Error 
checking, data management, and user-interface are executed 
through Excel®. Communication between R and Excel is 
accomplished through an Excel add-in called RExcel and its 
companion statconnDCOM. 

Requirements

• Microsoft Windows® XP, 7, 8 or later; 64-bit or 32-bit. 
• Microsoft Excel® 2003 or later (32-bit only). Although 

64-bit Excel® is available in recent Microsoft Office® 
releases, the 32-bit version is the default installation 
even on 64-bit machines because of compatibility 
issues with other programs. 

• R software, version 2.15.1 or higher. 
• RExcel and associated components.
• Evidence of Absence, v.x.x.xlsm, Excel® workbook 

and associated R source files. 

1U.S. Geological Survey.
2JPMorgan Chase, Columbus, Ohio.
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Installation

There are several steps to installing the software. Do not skip 
any steps.

RExcel 

1. Log into Windows with administrator privileges
2. Use your internet browser to navigate to the 

latest installation instructions for RExcel at: 
http://homepage.univie.ac.at/
erich.neuwirth/php/rcomwiki/doku.
php?id=wiki:how_to_install 

3. Select scenario that best describes your situation and 
follow instructions for that scenario.
• Scenario 1: You do not use R, and it is not 

installed on your computer.
• Scenario 2: R is already installed on your 

computer, but you have to (or wish to) upgrade 
to a newer version.

• Scenario 3: You already have a compatible 
version of R installed and do not wish to 
upgrade to a newer version.

Scenario 1: You do not use R, and it is not installed on your 
computer.

1. Use your internet browser to navigate to http://
cran.r-project.org/mirrors.html and 
click the location nearest to you. 

2. Click Download R for Windows > install R for 
the first time > Download R x.x.x for Windows to 
access installation .exe file. 

3. Save the installation file and run it manually after it 
has finished downloading.

4. After successful installation of R, proceed to 
scenario 3.

Scenario 2: R is already installed on your computer, but 
you have to (or wish to) upgrade to a newer version. 

1. Uninstall your previous version of R then follow 
the instructions in scenario 1 for installing the latest 
version of R

2. Associate any existing R packages with the newly 
installed R. Copy the packages from your old 
library (in the folder for the old installation) to the 
library folder in the new installation. Then, run the 
command update.packages(checkBuilt=T
RUE,ask=FALSE) in the new R.

3. After successful installation of R, proceed to 
scenario 3.

Scenario 3: You already have a compatible version of R 
installed and do not wish to upgrade to a newer version.

1. Use your internet browser to navigate to 
http://homepage.univie.ac.at/
erich.neuwirth/php/rcomwiki/doku.
php?id=wiki:how_to_install and follow 
the instructions in the section, “How to install 
RExcel when R is already installed.” The procedure 
is not complicated, but there is little room for error. 
When RExcel is installed, a number of informational 
message boxes may pop up. These provide more 
information than most users will need. However, 
one critical piece of information is that after the 
installation is complete, it may be necessary to 
navigate to statconn | RExcel among Program 
Files in Windows Explorer and click Activate 
RExcel Add-in. (It is not always necessary to do this, 
but it is easier to just do it than to risk the frustration 
of the program not working and having no idea 
why not.)

Evidence of Absence Software

1. Use your Internet browser to navigate to http://pubs.
usgs.gov/ds/0881/.

2. Click on evidence_of_absence_v1.00.zip. 
3. Download the folder to a convenient location on 

your computer. 
4. Ensure: 

• all files are extracted from the compressed zip file 
• the r functions folder are in the same folder 

where the .xlsm workbook is stored
• Excel® security setting allows macros to be run

The Excel® workbook has many macros for error-checking 
data and sending commands back and forth between Excel and 
R, so permissions may need to be managed on some machines. 

NOTE: If you needed to click on a yellow bar in the workbook 
to enable permission to run macros, click the Reset R 
button at the bottom of the “Actions” list before running 
other commands. Otherwise, you may get a long line of 
indecipherable error messages from R (R functions that are 
normally defined at startup were not defined because macros 
were disabled) and maybe even one or two from Excel® 
as well. 

The software automatically checks if the required R packages 
have been installed (actuar, Matrix, tensorA, MASS, 
and VGAM). If packages have not been previously installed, a 
window may open, prompting you to select a CRAN Mirror 

http://pubs.usgs.gov/ds/0881
http://pubs.usgs.gov/ds/0881
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(a location to from which to download the R package(s)). 
Select the nearest site. Downloading and installing the 
packages is done automatically, but the process can take 
several minutes.

Getting Started
Start the Evidence of Absence software by opening the Excel® 
workbook that was downloaded with the package. This 
workbook is richly equipped with macros for doing internal 
calculations and for communicating with R. Users have the 
option of entering data through forms in the workbook or 
through properly formatted comma-separated values (.csv) 
files. The most recent results are automatically saved in 
the workbook, but users also may want to manually save 
numerical results to .csv files or save graphics to .jpg’s or 
other graphical formats, or both. Options for entering data and 

saving results are straightforward. Some users will prefer to 
experiment with the buttons in the workbook right away, while 
others will prefer to first read the details in the this user guide. 

The software opens to the Parameters worksheet (fig. 1), 
which shows the most recent parameter set that was saved. 
The first time the workbook is opened, an arbitrary (but valid) 
parameter set is loaded as a default. Internal calculations 
strictly require the parameter set on this worksheet to be valid 
(for example, non-negative integer carcass count, or prior 
distribution selected from a list of admissible distributions 
and spelled correctly). Users may edit the sheet only by using 
Excel® forms or by uploading .csv files. Before writing data 
to the Parameters worksheet from forms or .csv files, the 
workbook runs a series of error checks and loads the data only 
if there are no errors. If the error-checking routine fails and an 
invalid parameter set is written to the sheet, the program may 
stop working. The user can click Restore Defaults to reload 
the valid, default parameter set to restore full functionality.

Figure 1. Screen capture of the Evidence of Absence software Parameters sheet.
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After an analysis, results of calculations are (typically) shown 
on the Parameters worksheet to the right of the parameter 
set from which the calculations were based. Graphical results, 
results from Design Tradeoffs, and results from multiple year 
or multi-site analyses are exceptions which have a different 
format.

Statistical Approach and Terminology

General Idea

When we are interested in estimating the total number of 
animals killed in an area, within a set period of time, based on 
the number of carcasses observed during our searches, there 
are two scenarios that would result in zero carcasses being 
observed: (1) there were zero fatalities, or (2) there were some 
fatalities but all the carcasses were missed in the searches. If 
there is perfect detection of carcasses, then “zero carcasses 
observed” means “zero animals killed.” In the case of 
imperfect detection, though, we cannot rule out the possibility 
that some animals were killed but the carcasses were missed 
because they landed in unsearched areas, were eaten or carried 
off by scavengers, or were missed for some other reason (for 
example, difficult terrain, bad lighting, or bad luck). These 
factors combine to give an overall probability of detecting a 
carcass. Although we cannot be certain of how many actual 
fatalities there were, we can use information about the overall 
probability of detection to rule out the possibility of large 
numbers of fatalities. For example, with a protocol that 
results in a relatively high probability of detecting a carcass, 
we might be able to credibly assert that there were no more 
than, say, three fatalities—if there had been more than that, 
we would have observed some carcasses. With a protocol that 
results in a relatively low probability of detecting a carcass, 
we might not be able to rule out 20, 30, or even more fatalities. 
That is because our detection probability is so low that even if 
there were many fatalities, there is still a reasonable chance we 
would miss all of them in our searches. 

The EoA software evaluates the overall probability 
of detection and then uses Bayes’ formula to quantify the 
credibility of assertions such as, “the total mortality M did not 
exceed 3.” The software does the calculation not just for M = 3 
but for all whole numbers m and compiles the results into a 
list called the posterior distribution of M, which represents the 
current state of knowledge about the total mortality. 

The posterior distribution depends on the overall 
probability of detection and the observed carcass count. In 
addition, prior knowledge (or lack thereof) about expected 
mortality levels can be used to inform the calculation of the 
posterior distribution. For example, using our prior knowledge 

about the Hawaiian hoary bat (Lasiurus cinereus semotus), 
we could rule out M > 0 at a wind farm in Antarctica without 
doing any searches. Our posterior distribution would then 
be P(M = 0) = 1 and P(M = m) = 0 for m > 0. By contrast, 
at a wind farm on Oahu, we cannot rule out anything ahead 
of time. In that case, we might assume a uniform prior 
distribution (that is, P(M = m) is the same for all m up to some 
large number) to reflect the view that anything is possible. If 
we then find zero (or very few) carcasses despite an effective 
monitoring protocol, we can rule out the possibility that large 
numbers were killed. We can then use what was learned about 
the system in one year to build a refined prior distribution for 
use in the following year. In this way, we can incrementally 
improve the estimates each year.

Terminology and Parameters

Overall Detection Probability
The EoA software estimates the overall probability  

(g) of detecting a carcass that arrives at a site (or group of 
sites) during the monitoring season(s). The estimate of g  
takes into account scavenging rate, searcher efficiency, search 
schedule, change in searcher efficiency for older carcasses, 
and changes in expected carcass arrival rates through time. A 
point estimate of the total number of fatalities is:

 ˆ / ˆM X g=  (1)

where
 X  is the number of carcasses observed, and 
 ĝ  is the estimated overall detection probability.

Prior and Posterior Distributions
The posterior distribution is a quantitative representation 
of the current state of knowledge about the total number 
of fatalities M during the monitoring period. The posterior 
distribution is expressed as a probability distribution P(M = m) 
or P(M > m) for integer values of m. It is used to construct 
credible intervals (CIs) for M to rule out mortality levels 
outside the interval.

The prior distribution is a quantitative representation of the 
state of knowledge about what the total number of fatalities 
M is before taking into account the monitoring data and 
evaluation of the sampling protocol. In the absence of any 
such prior knowledge, a uniform, “anything is possible,” 
prior distribution is used. Knowledge from previous years’ 
monitoring can be used to inform and improve the prior 
distribution used in the later years. 



Statistical Approach and Terminology  5

Central to the calculation of the posterior distribution are a 
number of parameters that determine the overall probability 
of detection. The parameters fall into two broad categories, 
management parameters and ecological (or background) 
parameters. The management parameters are largely a 
function of management decisions about sampling intensity 
(in both time and space). The ecological parameters are less 
obviously amenable to change.

Management Parameters
Sampling coverage (a) is the fraction of the total carcasses 
expected to arrive in the searched area. For example, if there 
are 10 turbines and 3 are intensively searched to a wide 
enough radius to encompass all the carcasses and there is 
no unsearched area within that search radius, then a = 0.3. 
Another example: if there is one turbine that is only partially 
searched, a is the fraction of carcasses that are expected to 
land in the searched area around the turbine. a must be in the 
interval (0, 1]. It must be emphasized that a is not the fraction 
of the area that is searched but the fraction of carcasses 
arriving in the searched area. The number of carcass falling 
at a given distance from a turbine tends to decrease with 
distance whereas the area increases, so area nearer to a turbine 
accounts for more carcasses than does an area of equal size at 
a greater distance from a turbine. Thus, a should be a density-
weighted proportion (DWP) of the area sampled (Huso and 
Dalthorp, 2014).

Searcher efficiency (p) is the probability of observing a carcass 
that is present in the searched area at the time of the search. 
Values must be in the interval (0, 1]. Searcher efficiency 
values are typically determined by searcher efficiency (SE) 
trials conducted on an ongoing basis during routine searches 
throughout the season (Huso and others, 2012). The software 
accounts for uncertainty in searcher efficiency and requires 
users to enter the bounds on a 95 percent confidence interval 
(95% CI) for searcher efficiency. The CI for search efficiency 
is based on field trials and is calculated using other software 
(for example, Huso and others, 2012; appendix A).

k is the factor by which search efficiency changes with each 
successive search. Carcasses missed in one search tend to be 
more likely to be missed in subsequent searches because: 

• older carcasses are harder to detect, and
• carcasses that are missed in a search may have 

been missed because they landed in a spot that was 
particularly difficult to see.

For example, the probability of detecting a carcass in the 
first search after it arrives is p (assuming that it persists 
unscavenged until the search). If it is not found in the first 
search but is still present at the time of the second search, the 
probability of detection drops from p to k·p. If it is missed 
again on the second search but persists until the third search, 

the probability of detection decreases by another factor of k to 
k2p, and similarly decreases by a factor of k with each search. 
If searcher efficiency is the same no matter how long a carcass 
has been in the field or how many times it has been missed, 
then k = 1. If a carcass missed in the first search after arriving 
has no chance of being found in later searches (or not included 
in the carcass counts), then k = 0. 

I and span are the time interval (days) between searches and 
the total time spanned by the searches, respectively. Users 
are given the option to enter either I and span, or a list of 
sampling dates.

Ecological Parameters
Carcass persistence. —The amount of time a carcass persists 
without being lost to scavenging or decay is a random variable 
characterized by a probability distribution. The user can select 
the distribution family (exponential, Weibull, lognormal, 
or loglogistic) and parameters (α = shape and β = scale; or 
CP = mean carcass persistence time and r = the probability 
that a carcass that arrives in an interval of length Ir persists 
through the interval (appendix B). Carcass persistence 
distributions are generally determined by carcass persistence 
trials conducted during the monitoring season. 

Distributions (appendix C).—The user selects one 
of four distributions for carcass persistence times: 
exponential, Weibull, loglogistic, or lognormal. The 
exponential distribution makes a mathematically 
convenient assumption that the scavenging rate 
does not depend on age of carcass. It requires only 
one parameter, which the user may enter as either 
1/λ = meanCP or as r = probability that a carcass persists 
until the first search after it arrives. In practice, the rate 
of carcass removal tends to change with time, and the 
exponential distribution usually does not accurately 
reflect the true persistence distribution. Frequently, it 
underestimates the scavenging rate for fresh carcasses 
and, as a consequence, underestimates the number of 
fatalities. Instead, the Weibull, log-logistic, or lognormal 
persistence model is preferred (Bispo, and others, 2012; 
Warren-Hicks and others, 2013). All three are more 
flexible and often more realistic than the exponential.

With the lognormal distribution, the attrition rate starts 
at zero for fresh carcasses, rises sharply to a peak a short 
time later, and gradually declines. The Weibull has more 
flexibility for reflecting a variety of patterns for fresh 
carcasses (for example, attrition rate may either increase 
or decrease initially), but may not fare as well for longer 
persistence times. The log-logistic has a “heavy tail” and 
can accommodate a situation in which some carcasses 
persist for a very long time despite having a high initial 
rate of disappearance. 
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Uncertainty.—For all distributions, the user is required 
to provide a 95% CI for the scale parameter (β) or 
the probability that a carcass persists (r) until the first 
search after it was killed (assuming a search interval 
of Ir (appendix B). Uncertainty parameters are based 
on analysis of field trials and are calculated using other 
software (for example, the Fatality Estimator by Huso 
and others, 2012). The Evidence of Absence software 
accounts for uncertainty about these parameters.

Relative arrival rate.—Is fatality rate uniform throughout the 
sampling period, or does it vary by season? The software will 
accommodate various seasonal carcass arrival patterns, for 
example, if more carcasses are present in the fall than in the 
spring or summer, the user may select an arrival rate function 
that reflects expected populations in the field. The fatality 
estimates are robust with respect to arrival rate assumptions, 
and estimates of total fatality usually will not vary noticeably 
with choice of arrival function.

Data Management
Most of the data entry is done using Excel® forms, which 
implement extensive error-checking. Data-entry fields turn 
yellow when invalid parameters are entered, and invalid 
parameter sets cannot be analyzed or saved by the software. 
Users sometimes also have the option of entering data using 
.csv files or Excel® worksheets.

Entering Data for Estimation

One Site, One Year
The estimation of number of fatalities requires the user 
to enter the observed carcass count with a parameter set 
characterizing the monitoring protocol. Parameters include 
sampling coverage, searcher efficiency, k, sampling schedule, 
carcass persistence distribution, carcass arrival function, and 
prior distribution. Parameters may be entered using either 
Excel® forms or .csv files.

Clicking the Edit Parameters button opens a form for 
entering the parameter values. By default the form is 
populated by values read directly from the Parameters sheet, 
which contains the last parameter set saved. The user may 
then modify any of the parameter values. The form performs 
extensive error-checking. Valid parameter sets may then be 
saved to the main Parameters worksheet (when the user 
clicks Save) or saved and sent directly to R for analysis 
(when the user clicks Calculate Posterior and Save). Invalid 

parameter sets cannot be saved or sent to R for analysis. Errors 
in parameter values are highlighted in yellow, and the Save 
and Calculate Posterior and Save buttons remain disabled as 
long as there are any errors. 

Entering Parameters
Carcass Count (X) represents the total number of carcasses 
observed in all searches during the season. X must be a 
non-negative integer. 

Sampling Coverage (a), Searcher Efficiency (p), and 
Proportional Change in Searcher Efficiency with Each 
Search (k) must all be in the interval (0, 1], but k = 0 also is 
permissible. Bounds on a 95% CI for p also must be entered.

Credibility Level (1–α) is the desired level of credibility for 
making statements like, “Based on the search data, we can 
assert with 100(1–α)% credibility that there were not more 
than τ fatalities.” The credibility level in Bayesian statistics is 
analogous to confidence level in traditional statistics. 

Persistence Distribution: Select the desired distribution 
family (exponential, Weibull, log-logistic, or lognormal). 
Default parameters are the last saved values for whichever 
distribution is selected. To edit parameters, double-click the 
distribution name or click the Edit Parameter Values button 
to bring up a form. Parameters for exponential distribution 
may be entered either as meanCP = average persistence time 
or as r = probability carcass persists until the first search after 
arrival (length of the search interval, Ir, that r is based on 
also must be given). In addition, bounds for a 95% CI for the 
meanCP or r also must be entered. Parameters for the other 
distributions may be entered either as α and β (according to 
parameterizations given in appendix A) or as meanCP and 
r. The value of r depends on the length of the interval for 
which it is calculated. The user provides the interval (Ir) that 
the r value is based on. Normally, r would be calculated for 
an interval that is in some sense typical for the given search 
protocol (for example, Huso and others, 2012) uses the mode 
of the search intervals), but the choice of interval length is not 
critical as long as the r value that is provided by the user is 
based on the Ir that also is provided. Bounds for the 95% CI 
for β or r also must be provided by the user. These values 
are based on analysis of field trial data and are calculated 
outside the EoA software (for example, Huso and others, 
2012). Within the forms for editing the persistence distribution 
parameters, clicking Cancel closes the form and retains the 
previous values for the selected distribution. View calls on 
R to draw a graph of the distribution. The user may save the 
graph, leave the window open and continue working, or close 
the graph by clicking the red “X”.
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Sampling Dates (I and Span): Sampling dates are entered as 
the number of days since the start of the monitoring period. 
For example, if there are weekly searches beginning after a 
June 15 “clean-out” search, the dates are entered as 0, 7, 14, 
and so on, corresponding to June 15, June 22, June 29, and so 
on. There are two ways to enter dates:

• Dates may be entered by Formula, wherein the user 
enters the interval (I) between the searches and the 
total time spanned (span) by the monitoring season. 
The span must be evenly divisible by I. For example, 
if there are weekly searches (I = 7), span can be 77 but 
not 79. 

• If search intervals vary, a Custom list of dates (for 
example, 0, 7, 12, 19, 22, 29) may be entered into an 
Excel® worksheet and loaded into the program. The 
user selects Custom dates in the Edit Parameters 
form, which will open a worksheet for reading dates. 
Dates may be entered by hand or by copy-and-paste 
from a different file. When a custom list of dates is 
entered, the caption in the Sampling Dates section 
of the form will show the span as the date of the last 
search and average interval = span/number of searches. 
This is strictly for convenience. All analyses use the 
actual list of dates as entered rather than the simple 
summary shown in the caption.

Prior Distribution: There are three choices for prior 
distribution of M: uniform, informed, and user-defined. In 
the absence of any prior information (especially search data 
from previous years), a uniform prior distribution is typically 
used because it gives full voice to the current data. User enters 
the maximum number of fatalities that may have occurred 
(Mmax). A value of Mmax = 200 is often reasonable. Larger 
values would not noticeably change the results but would slow 
the calculations, whereas very large values would crash the 
program. Small values could skew the results, especially if the 
overall probability of detection is small. Previous years’ search 
data can be incorporated into the model using an informed 
prior distribution (appendix D). Alternatively, knowledgeable 
users who have developed their own prior distribution based 
on other models and information, may enter their prior 
distribution as User-defined.

Arrival Function: The arrival function expresses the relative 
numbers of carcasses arriving at various times throughout the 
monitoring season. The analyses do not require input about the 
absolute numbers of animals being killed, but relative changes 
in mortality rates through time (for example, more fatalities 
in late summer than in early spring) are taken into account. 
However, if the sampling interval remains constant (or nearly 
constant) through the year, then the arrival function does 
not have a strong effect, and a Uniform relative arrival rate 

is appropriate. Otherwise, user may select Beta distribution 
parameters to reflect expected variation in mortality rates 
through time. 

Users may save input parameter sets to .csv files for later 
consideration. The Save Parameters and Results to 
.csv button on the Parameters sheet writes the current 
parameter set shown in the Parameters sheet to a .csv file 
after prompting the user for file name and path. The format 
of the saved .csv is compatible with the Read Dates and 
Parameters from .csv button, which loads previously 
saved data. Parameter sets are saved either with or without 
corresponding results, depending on whether results are 
shown on the Parameters sheet when saved. Alternatively, 
users may create their own .csv files for loading into the 
program. The format must match that of files saved using the 
Save Parameters and Results to .csv button, including the 
spelling and capitalization conventions of all names in the 
second column; valid parameter values entered into the proper 
cells; sampling dates beginning at t = 0 with all other values 
positive and no duplicates; and prior distribution defined for 
consecutive non-negative integers beginning with 0 with 
probabilities all between 0 and 1 and summing to 1, etc. 
However, it is normally easier and safer to enter data using 
the buttons in the Evidence of Absence software rather than 
creating a .csv file by hand. An example of a parameter input 
file is shown in table 1.

After the search parameters and prior distribution parameters 
have been entered, the posterior distribution can be calculated 
by: on the Edit Parameters form, click the Calculate 
Posterior and Save button; or, on the Parameters sheet, click 
the Estimate Mortality for Given Parameter Set or the Plot 
Posterior Distribution button. Results are displayed in the 
Results area to the right of the input parameter set. A graph 
of the posterior can be viewed by clicking Plot Posterior 
Distribution, and the complete set of inputs and associated 
posterior distribution can be saved to a .csv file for later 
review or subsequent analysis.

Informed Prior Distributions
Search data from previous years can be used to inform the 
current year’s prior distribution and improve estimation 
(appendix D). This requires the user to enter search counts, 
overall detection probabilities, bounds on 95% CIs for the 
detection probabilities for each previous year’s data; and, if 
more than one previous year is considered, the relative weight 
among years as described in the following paragraphs. This is 
done from the Edit Parameters form by selecting Informed 
as the Prior Distribution and clicking Edit Parameter Values 
or by double-clicking “Informed.” 
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To incorporate just one previous year’s search data into the 
current year’s analysis, the user may manually enter the 
previous year’s carcass count (X); the overall probability 
that a carcass that arrives in the area of interest is actually 
observed (g = P(obs|arr)); and the bounds on the 95% CI 
for g. These values may be calculated using the Evidence of 
Absence software with the previous year’s search parameters 
or may be derived independently from a different program 
or model. Alternatively, if the user has saved the analysis 
(including results) from a previous year to a .csv file, the 
data may be read from that .csv. The model for creating a 
prior distribution from a single previous year’s data assumes 
that site operational parameters relating to total kill rate (for 
example, number of turbines, cut-in speed, or deterrents) do 
not change from the prior year to the current year; however, 
search parameters (for example, searcher efficiency, carcass 

persistence, or search schedule) may change. The new, 
informed prior distribution is calculated and saved by the 
software for use with the current year’s carcass count and 
search parameters. 

If more than one year of previous data are to be incorporated 
into the analysis, counts (X ) and overall detection 
probabilities ( g) and their 95% CIs for each year must be 
entered. Additionally, the user must provide an estimate of the 
relative arrival rate for each previous year compared to the 
current year. If site operational parameters change through 
time (for example, new turbines added or curtailment or 
deterrents used to decrease fatality rates), or if animal activity 
varies noticeably (for example, migration routes shift), the 
year-to-year changes should be accounted for in the values 
entered for relative weights. Data be may be entered using .csv 

Table 1.  Example format of comma-separated values (.csv) file for input of search 
parameters.

Parameter Current value Prior distribution
Sampling 

dates

carcass count (X) 0 m P(M = m) 0
sampling coverage (a) 0.75 0 0.0094 7
searcher efficiency (p) 0.5 1 0.0307 14
p_lwr 0.25 2 0.0583 21
p_upr 0.75 3 0.0842 28
k 0.8 4 0.1024 35
Sampling Dates Formula 5 0.1106 42
interval (I) 7 6 0.1094 49
span 182 7 0.101 56
Persistence Distribution Exponential 8 0.0884 63
a 0.1 9 0.074 70
b 10 10 0.0597 77
b_lwr 4 11 0.0466 84
b_upr 20 12 0.0355 91
mean persistence (CP) 10 13 0.0264 98
r = P(persist until search) 0.719164 14 0.0192 105
interval (Ir) 7 15 0.0137 112
Prior Distribution User-defined 16 0.0097 119
95th percentile 14 17 0.0067 126
Credibility Level (1 - α ) 0.9 18 0.0046 133
Arrival Function Uniform 19 0.0031 140
– NA 20 0.002 147
– NA 21 0.0013 154

22 0.0009 161
23 0.0005 168
24 0.0003 175
25 0.0002 182
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file(s) or manually. Data from separate years may be combined 
into a single file with separate columns for year; carcass count 
(X); g;  glwr = lower bound on 95% CI for g;  gupr = upper 
bound on 95% CI for g; and relative weight (rel_wt) assigned 
to each year. The rel_wt for the current year is assumed to be 
1, and previous years’ weights represent the relative expected 
number of carcasses for each year. For example, in table 2, 
years 4 and 5 have rel_wt = 1 because there is no reason to 
expect a systematic change in the number of fatalities from 
year 4 to year 5 to the current year—the number of turbines 
did not change, there were no fatality minimization measures 
taken, local population size did not change dramatically, etc. 
Relative weights for years 1, 2, and 3 reflect site expansion, 
as the number of turbines operating at the site increased from 
41 to 83 to 100.

The model is robust with respect to the relative weights, and 
moderate misspecification will rarely have a significant impact 
on the final estimates. However, it is crucial that weights 
are entered on a scale with the current year (yr = 6 and not 
represented in table 2) assumed to be 1.

Alternatively, if data from previous years have been 
individually analyzed and saved as .csv files using the 
Evidence of Absence software, these data may be serially 
loaded from the .csv file by entering each file name separately. 
Relative weights are then entered by hand. 

The new, informed prior distribution is calculated and saved 
by the software for use with the current year’s carcass count 
and search parameters. 

Year to year changes in operational parameters (for example, 
cut-in speed, acoustic deterrents, or site expansion) or 
population dynamics (for example, population size, migration 
patterns, nesting sites, etc.) may be accounted for by the 
relative weights, whereas changes in search protocol are 
accounted for in the estimates of g  for the individual years.

Multi-Year Total
The total number of fatalities at a site over the course 
of several years also can be estimated by the software 
(appendix E). Counts (X ) and overall detection probabilities  
( g  and 95% CI) for each year are entered in a format similar 
to that described in the previous section. The user enters 
the observed count and the search parameters that were in 
effect in a given year and calculates the overall detection 
probability (by clicking Estimate P(obs carcass|arrive), 
Estimate Mortality for Given Parameter Set, or Plot 
Posterior distribution). Then the user saves each year’s 

analysis to a separate .csv file or enters the observed count 
and the calculated 95% CI for each year’s overall detection 
probability (P(observe|arrive) into a single .csv 
file (table 2), with X = carcass count, g = P(observe|arrive), 
glwr  = lower bound on 95% CI for P(obs|arr), gupr = upper 
bound on 95% CI for P(obs|arr), and rel_wt = relative number 
of fatalities for each year (must be positive). Then the user 
clicks Estimate Total over Multiple Years button on the 
Parameters sheet. From there, the user is offered a number 
of options to proceed, including editing the data manually, 
estimating the total number of fatalities, and returning to the 
main analysis page. 

Multiple Sites 
The total number of fatalities summed over a number of sites 
may be estimated (appendix F) if the user provides the carcass 
count, the overall detection probability (with 95% CI), and an 
estimate of the relative weight for each site. Relative weights 
are proportional to the total number of carcasses expected at 
each site. If animal population sizes and activity patterns are 
the same at each site and if the sites all have the same number 
of turbines and have the same operational characteristics, then 
all the relative weights should be identical. If animal activity is 
similar among sites, then the relative weights may be taken to 
be a measure of site size (for example, number of turbines).

On the Parameters sheet, the user clicks on Estimate Total 
at Multiple Sites. The multiple sites window will initially be 
populated by the most recent run, but the user can enter new 
data by clicking on New Data from File(s). There are two 
options for submitting input data from the individual sites: 

• Combined.—Carcass counts, overall detection 
probabilities (with 95% CIs), and relative weights from 
the sites are copied into a single .csv file (table 3). 
Relative weights must sum to 1.

Table 2. Example format of .csv input file for several years of 
previous data to inform current year’s prior distribution.

Credibility level (1 - α)

0.85

Yr X g min(g) max(g) rel_wt

1 2 0.75 0.72 0.92 0.41
2 0 0.8 0.7 0.83 0.83
3 1 0.8 0.7 0.83 0.83
4 0 0.65 0.52 0.79 1
5 0 0.46 0.29 0.75 1
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• Serial .csv files.—Data are stored in a series of .csv 
files that have been saved using the Save Parameters 
and Results to .csv button (one file for each site) 
after overall detection probabilities or posterior 
distributions have been calculated. After clicking Go 
(on the Estimate Total at Multiple Sites form), the 
user is prompted to enter the names of the files that 
contain data of the individual sites. The software 
reads only the carcass count and detection probability 
(with 95% CI) from the .csv file. Other data in the 
files are ignored. Relative weights for the sites are 
entered manually after the individual sites have been 
uploaded.

Restore Defaults
The parameter values shown on the Parameters sheet are 
assumed to be valid and compatible with one another. The 
program may not function properly if faulty parameters 
are somehow written to this sheet or to one of the several 
hidden sheets used for storing data and doing intermediate 
calculations. If this occurs, Restore Defaults enters valid 
parameters sets to critical locations in the workbook to 
restore functionality. 

Restore Defaults is intended solely as an emergency measure 
to restore functionality after an unforeseen problem. In 
addition to replacing the parameter set on the Parameters 
sheet to workable numbers, Restore Defaults also erases 
memory of recently used parameter sets. Data entry forms will 
open with new default values rather than values retrieved from 
previous sessions. 

Entering Data for Design

The Evidence of Absence software can be used to design 
a monitoring protocol to determine what combinations of 
management parameter values (search coverage [a], search 
interval [I], and search efficiency [p]) are required to rule out 
the possibility that mortality M exceeds a given threshold τ if 
X carcasses are found. 

The Design Tradeoffs button in the Parameters worksheet 
opens a form that allows users to (1) specify a threshold τ 
and either single values or ranges of a, I, and p, and (2) graph 
the probability that M > τ as a function of the management 
parameters for the given observed carcass count X and 
background parameters (persistence distribution, arrival 
function, k, and prior distribution). 

The Threshold ( τ) is the maximum acceptable mortality level. 
The software calculates the probability that M > τ as a function 
of various combinations of management parameters a, I, and 
p. The calculations are specific to a given set of background 
parameters (persistence, arrivals, k, and prior distribution) and 
observed carcass count X. τ is entered directly into the Design 
Tradeoffs form and must be a non-negative number. 

Background Parameters
Whereas a, I, and p values are transparently amenable to 
management decisions, persistence distribution, arrival 
function, k, and prior distribution are more determined by the 
ecology. The last saved values of these parameters are loaded 
into the form by default, but values can be edited using the 
tools on the right side of the Design Tradeoffs form.

Management Parameters
The user has the option to enter fixed values or ranges of the 
three management parameters a, I, and p. Parameters a and 
p must be positive and less than or equal to 1, and I must be 
positive and (approximately) divide the span. 

Graphing Options
Most of the graphs depend on fairly intensive calculations. 
The finer resolution graphs look prettier but take more time 
to draw than the coarser resolution graphs. The user also has 
the option of showing either the full parameter set or a partial 
set on each graph. Note that each time a graph is created, the 
previous graph is overwritten. To save a particular graph, the 
user must save before creating a new graph.

R graphs
At every stage of data entry and analysis, there are options 
for generating graphs in R. These graphs can be saved in a 
number of different ways:

• on the File menu, click Save as..., then in the graphing 
window, select a format, and type a file name,

• on the File menu, click Copy to clipboard ► as a 
bitmap or as a metafile (Metafiles are efficient, clear, 
scalable, and can be pasted seamlessly into Microsoft 
Word or Powerpoint, but metafiles may not be as easily 
compatible with other programs.), or

• right-click the graph and copy to clipboard or save to 
a file.

Table 3. Example format of .csv input file for calculating total 
mortality at several sites.

Credibility level (1 - α)

0.85

Site X g g_lwr g_upr rel_wt

Wind Rocks 1 0.31 0.17 0.52 0.14

Buffalo Springfield 0 0.53 0.4 0.68 0.2

Power Central 0 0.62 0.41 0.83 0.6

Enormity Ridge 0 0.52 0.15 0.8 0.06
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The R graphing windows remain open until they are closed by 
the user or the workbook is closed. If a new graph is created 
when a graphing window is already open, the first graph is 
overwritten by the new graph. 

Analysis and Interpretation: A Tutorial 
Problem #1: Searcher efficiency and carcass persistence trials 
have already been done. Searches have been conducted and 
no carcasses have been found. Can we rule out the possibility 
that the take exceeded some predefined threshold? What is the 
smallest maximum number of fatalities that we can credibly 
rule out?

The questions are addressed by evaluating probabilities 
from the posterior distribution derived from the observed 
carcass count (X), the search parameters (a, I, and p), and 
the background parameters (persistence distribution, arrival 
function, k, and prior distribution). The process is: (1) enter 
parameters using the Edit Parameters form or the Read 
Dates and Parameters from .csv button, (2) run the analysis 
using the Plot Posterior Distribution button or the Estimate 
Mortality for Given Parameter Set button, and (3) interpret 
the results. 

Problem #2: Searches have not been conducted yet, but 
we’d like to design a search protocol so that we can conclude 
with sufficient credibility that the number of fatalities did not 
exceed a given threshold if the total observed carcass count at 
the end of the season was zero (or few). What search interval, 
coverage, and searcher efficiency will we need?
The tutorial discusses some approaches to using the software 
to address these questions for several hypothetical scenarios.

Scenario 1: Analyzing Search Data (Eagles)

We have completed a season of searches for eagles at a wind 
farm in eagle range and habitat, and we found zero carcasses. 
What is the maximum number of fatalities that could 
realistically have occurred given the strength of our search 
protocol? Or, what is the smallest number of fatalities that we 
can credibly rule out as having occurred?
Step 1: Click the Edit Parameters button and enter carcass 
count (X = 0), management variables, prior distribution, and 
background parameters (fig. 2). 

Figure 2. Screen capture of the Evidence of Absence software Edit Parameters form for entering search parameters.
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Management Variables
Coverage ( a) = 0.5.—Half the turbines are thoroughly 
searched, that is, there is no unsearched ground around a 
searched turbine, and the search radius is large enough so 
there is little chance a carcass falls outside the searched 
area.

Searcher Efficiency (p) = 0.85.—Large carcasses, thin 
vegetation cover, high probability of detection. Although 
not known precisely, field trials indicate that p is 
somewhere between 0.8 and 0.9 (95% CI).

k = 0.75—This assumes that if a carcass is missed on a 
given search, it is only 75 percent as likely to be seen in the 
next search. (Aging carcasses are more difficult to spot, and 
the carcass might have been missed the first time because it 
was somehow hidden.)

Search Interval (I) and span.—Select Formula and enter 
I = 14, span = 182 for searches once every two weeks for 
one-half year.

Credibility Level (1–α).—Desired credibility level for 
assertions that the number of fatalities did not exceed a 
given threshold. A higher credibility level makes it more 
difficult to rule out high numbers of fatalities. For this 
example, we use a high value of 1 – α = 0.95.

Background Parameters
Persistence Distribution: Based on carcass persistence trials 
performed throughout the monitoring season, we assume a 
Weibull persistence distribution with meanCP = 40 days and 
average probability that a carcass persists until a search is r 
= 0.85 for a search interval of 14 days. The 95% CI interval on 
r is [0.81, 0.87]. To enter these parameters, click on Weibull 
persistence distribution and then click the Edit Parameters 
button. You will be given the option of entering either shape 
and scale parameters or meanCP and r. Click on Mean CP and 
r to bring up a form for entering the interval associated with 
r. Enter 14 and click OK to bring up the form for entering the 
parameters (fig. 3).

After entering the persistence distribution parameters, enter 
the remaining background parameters.

Prior Distribution for Number of Fatalities: Assume 
uniform—that is, we do not make assumptions ahead of time 
about the number of fatalities; there could have been 0 or 200 
or anything in between.

Arrival Function: Assume uniform—that is, Golden Eagles are 
resident year-round so there is not great seasonal variation in 
the rate of eagle kills during the sampling period. Note: If the 

Figure 3. Screen capture of the Evidence of Absence software 
Weibull Parameters form for entering persistence distribution 
parameters.

search interval is regular, the relative arrival rate assumption 
has little effect. Choice of relative arrival function only has 
an effect if the search schedule is adjusted to match seasonal 
variation in the at-risk population or if most carcasses arrive in 
a pulse near the end of the monitoring season. 

Click Save on the Edit Parameters form.

Step 2: Click Plot Posterior on the Parameters sheet to 
produce the graph of the Posterior Distribution of M (fig. 4).
Even though 0 carcasses were observed, we cannot conclude 
that zero eagles were killed—we could have missed some 
carcasses in the searches. However, according to the 
information we have about the monitoring protocol and the 
ecology, we can conclude that it is highly unlikely that more 
than five were killed. If more than five had been killed, there is 
little chance (less than 1 in 20) we would have missed them all 
in our searches. 

The bars in figure 4 represent the probability that the number 
of fatalities exceeded the given m value on the x-axis. The 
red bars give the 95 percent credible interval for M, that is, 
we can assert with 95 percent credibility that the number of 
kills did not exceed five given the effectiveness of our search 
protocol, our prior knowledge (or lack thereof) about how 
many might be killed (uniform prior), and the fact that we 
found zero carcasses. 
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Figure 4. Graph generated by Evidence of Absence software showing Posterior Distribution of the eagles example 
for scenario 1, analyzing search data. 
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Table 4. Full posterior distribution results from Parameters sheet for the 
eagles example in scenario 1, analyzing search data.

Results

Posterior distribution

g=P(observe|arrive) 0.394 95% CI: 0.373 0.411
95% credible maximum 5.

m P(M = m) P(M > m)

0 0.3937 0.6063

1 0.2388 0.3675

2 0.1448 0.2227

3 0.0879 0.1348

4 0.0533 0.0815

5 0.0324 0.0491

6 0.0197 0.0295

7 0.0119 0.0176

8 0.0073 0.0103

9 0.0044 0.0059

10 0.0027 0.0032

11 0.0016 0.0016

12 0.001 0.0006

13 0.0006 0.

Graphs can be saved by right-clicking on them and either 
copying them to the clipboard or to a file. Two formats for 
saving to clipboard are bitmap and metafile. Metafiles (.emf) 
are scalable and designed for inserting into Microsoft® Office 
documents. The .emf files tend to be higher quality and not as 
large as bitmaps. (The .emf files are sharp and clear in Word® 
or Powerpoint® but may look rough, pixelated, or blurry in 
other programs.)

The full posterior distribution is reproduced in a table (table 4) 
on the Parameters sheet that appears next to the parameter set 
associated with the posterior. Simple summary statistics also 
are given.

Note: The effects of uncertainty in parameter estimates for 
searcher efficiency and carcass persistence are accounted for 
through simulation, so output may vary slightly from what 
is shown. 

P(observe|arrive) is the overall probability that a fallen 
carcass is actually observed. The credible maximum is the 
upper bound of the 100(1 –α)% credibility interval. Thus, 
from table 2, we say, “We can assert with at least 95 percent 
credibility that there were not more than 5 fatalities.”

The parameter set and results (the posterior distribution) are 
temporarily stored in the Parameters sheet. They can be 
permanently stored in .csv files by clicking Save Parameters 
and Results to .csv.
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Figure 5. Screen capture of Design Tradeoffs form for eagles example for scenario 2, optimizing the search protocol.

Scenario 2: Optimizing the Search Protocol 
(Eagles)

We are designing a monitoring plan for eagle carcasses for 
the coming field season. What search protocol will we need 
to be able to make the case that, if no carcasses are found, no 
more than three eagles were killed during the season? We are 
satisfied with our searcher efficiency of 0.85 and have little 
means of improving it. We focus on tradeoffs in the searched 
area and the search interval, knowing that coverage does not 
change linearly with searched area. We are interested in a 
credibility level of 0.95.

Optimize the management variables by clicking Design 
Tradeoffs on the Parameters sheet. Enter Threshold (τ) = 3, 
and Credibility level = 0.9. The Searcher efficiency (p) will 
be held fixed by clicking on Fixed and entering p: of 0.85. 
Select Variable for coverage (a) and search interval (I). Allow 
a to range from 0.25 to 1 and search interval to range from 
a minimum of 1 day and maximum of 30 over a 182 day 
span (fig. 5).

Enter the same ecological parameters as with the previous 
example, namely, Weibull persistence distribution with 
meanCP = 40 days and probability that a carcass persists until 
a search is r = 0.85 for a search interval of 14 days, uniform 
arrivals, uniform prior, and k = 0.4. 
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Figure 6. Graph generated by Evidence of Absence software showing design tradeoffs for search interval 
and search coverage for long carcass persistence time.

Click Draw Graph to bring up the designs tradeoff graph 
(fig. 6).

The critical combination of search interval and coverage is 
indicated by the bold white line in the graph. For example, 
to assert with 95 percent credibility that no more than three 
eagles were killed, we would need P(fatality > 3 | X = 0)  
≤ 0.05, which corresponds to the purple and blue region 
of the graph. That could be accomplished by searching 
about 60 percent of the turbines every day (a = 0.58, I = 1), 
searching about 65 percent of the turbines once per week, 
70 percent every other week, or 80 percent once per month. 

Notice that the contours lines on figure 6 are nearly vertical, 
and that there is little change in color with vertical movement 
on the graph. This indicates that changing the search interval 
without changing the search coverage would decrease the 
credible level only slightly. This is because for this example 
the carcass persistence time is long compared with the search 
intervals that are considered. 

By contrast, colors change dramatically moving horizontally 
across the graph, indicating that search coverage has a marked 
effect in this scenario. A small increase in coverage would 
allow for a fairly large increase in search interval with no loss 
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Figure 7. Graph generated by Evidence of Absence software showing design tradeoffs for search interval 
and search coverage for short carcass persistence time.

in credibility. The monetary costs of searching a larger area 
less frequently can be assessed and the optimal protocol from 
a budgetary perspective can be determined.

If the mean carcass persistence had been CP = 10 days with 
r = 0.5 for an interval of 14 days instead of CP = 40 and 
r = 0.85, the scenario is quite different. You can change the 
persistence distribution from the Design Tradeoffs form 
by clicking Edit Parameter Values in the upper right-hand 
corner and editing using the form that pops up. Make the 
change, click Save, and then Draw Graph (fig. 7). Under 
these conditions where the persistence times are shorter, 

the search interval has a much larger effect. If searches are 
done only once per month, we can never be sure that fatality 
did not exceed three because even with 100 percent search 
coverage, a large fraction of carcasses would be expected to 
have disappeared by the time of the search. Thus, a shorter 
search interval is required. For example, we could search 
100 percent of the turbines every week, 80 percent of the 
turbines every five days, or 65 percent of the turbines every 
day to attain the same credibility level. Managers can choose 
the least expensive protocol that achieves the preferred level 
of credibility.
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Figure 8. Screen capture of the Edit Parameters form showing initial search parameters for the Indiana bat example for 
scenario 3.

Scenario 3: Indiana bat

The Indiana bat is listed as “endangered” under the 
Endangered Species Act. The bat is a small animal 
(5–10 grams) and lives in forested areas and bottomlands, 
so searcher efficiency tends to be low (on the order of 
5–25 percent). The ground around the turbines in the bat 
habitat may not be fully searchable owing to vegetation, rough 
ground, or inaccessibility, so sampling coverage is frequently 
far short of 100 percent even when all turbines are searched.

Post-Search Estimation: Data Entry and 
Calculations
Suppose we sampled once per week for one season (half 
year) and found no carcasses. How many fatalities might 
there have been? Assume that searcher efficiency and carcass 
persistence trials have been conducted throughout the season 
and that the coverage (a) is estimated from DWP modeling 
(Huso and Dalthorp, 2014) of the search areas and that we 
require 90 percent credibility. Enter parameters by clicking the 
Edit Parameters button. Alternatively, the user may load the 
parameter set by clicking the Read Dates and Parameters 
from .csv button on the Parameters sheet. When prompted to 
enter file name, navigate to the csv files folder and select 
scenario3 input.csv (which has the input parameters 
pre-entered for scenario 3) (fig. 8).

The parameter values for scenario 3 include: 
• Carcass count (X) = 0
• Credibility level (1-α) = 0.9

• coverage (a) = 60 percent
• searcher efficiency (p) = 15 percent, with 95% 

CI = [0.1, 0.2]
• Sampling dates: Formula with I = 7, span = 182 days
• Carcass persistence: Assume Weibull with mean CP 

= 6.5 days with r7 = 0.58 for a search interval of 7 days 
(95% CI = [0.47, 0.70]).

• Prior distribution: Assume uniform (we do not make 
assumptions about how many might be killed; there 
could have been 0 or 200 or anything in between).

• Arrival function: Assume constant (uniform). Bat kills 
tend to be more common in late summer, but arrival 
rate function does not have a significant effect unless 
we have a search schedule that changes by season. 

• k = 0.75: If a carcass is missed on a given search, 
assume it is 75 percent as likely to be seen in the 
next search (if it is still there). The carcasses are hard 
to find in the first place, so it is no surprise to miss 
them the first search (p = 0.15), and, in a second pass 
through the field, they may be only somewhat less 
likely (0 75 0 15. . )×  to be found.



Analysis and Interpretation: A Tutorial   19

Save the parameter set and click Plot Posterior Distribution (fig. 9).

Figure 9. Graph generated by Evidence of Absence software showing the posterior distribution of M for the Indiana 
bat example for scenario 3 using uniform prior distribution.
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Post-Search Estimation: Interpretation
No carcasses were found, but the analysis shows as many as 
36 may have been killed (90 percent credibility that 36)M ≤ . 
There are two reasons for this:

1. Inadequate search protocol for our needs: A 
persistence parameter r = 0.578 means that nearly 
half the carcasses that do arrive in the area are 
scavenged before a search is conducted. Also, 
searcher efficiency is low (0.15) and much of 
the area could not be searched (coverage = 0.6). 
With those parameters, the overall probability of 
observing a carcass that has arrived is only about 
7 percent or 1 in 15. With such low detection 
probability, it is easy to miss many carcasses. 

2. No prior information: This was our first season of 
monitoring. We could not justify a restrictive prior, 
so we use a uniform prior to give full voice to the 
data. With reliable prior information to rule out high 
kill rates, we could improve our statistical power. 

To help manage the difficult ecological constraints (such as, 
small animal and difficult ground to search), the software 
provides tools for improving estimates by:

• incorporating previous years’ data into current 
estimates, and

• designing a search protocol to find the optimum 
balance between statistical power and cost. 

Informed Prior
Use the previous year’s search data to inform the current 
year’s prior distribution and improve estimation.

Previous year: Suppose we searched once per week for 
Indiana bat carcasses assuming the same management 
variables, prior distribution, and background parameters 
as in the previous example. Click Edit Parameters on the 
Parameters worksheet and verify that the active parameter set 
is correct (X = 0, a = 0.6, p = 0.15 with CI = [0.1, 0.2], I = 7, 
span = 182, k = 0.75; Weibull persistence with mean CP = 6.5 
and r = 0.578 with CI = [0.47, 0.7] for an interval of Ir = 7, 
uniform prior; uniform arrivals). Click Save to save the year 1 
parameters to the Parameters sheet.

Current year: We need to extract the carcass count, 
P(observe|arrive), and bounds for the 95% CI for 
P(observe|arrive) from analysis of the year 1 data. If the 
latter quantities do not appear on the right side of the 
Parameters sheet in the “Results” section, click Estimate 
P(observe|arrive), Estimate Mortality for Given Parameter 
Set, or Plot Posterior Distribution to perform the analysis 
and list the required values. To load the year 1 results to 
inform the year 2 prior distribution, open the Edit Parameters 
form and double-click the “Informed” option (or single-click 
“Informed” and then “Edit Parameter Values”) in the “Prior 
Distribution” section. Click “One previous year’s data”. 
The dialog box grabs values from the active Parameters 
sheet, allowing the user to OK the values, manually edit the 
values, or to retrieve previously saved values use Read from 
.csv. When the proper values are showing (X = 0, P(obs | 
arrive) = 0.0679, and 95% CI = [0.039, 0.102]), click OK to 
return to the Edit Parameters form with the informed prior 
distribution selected. 

Enter the second year’s carcass count (again, 0 for this 
example), make any necessary changes to parameter values 
to reflect changes in search protocol (none are needed for 
this example because we are assuming the same search 
protocol and background parameters for both years), and click 
Save. Then, on the Parameters sheet, click Plot Posterior 
Distribution to show the Posterior Distribution of M graph 
(fig. 10):

There is some improvement in the estimate, which can be seen 
by comparing the current posterior distribution (figs. 9 and 
10) with the previous (figs. 8 and 9). However, we are still 
short of the goal of arguing with 90 percent credibility that 
no more than five bats were taken. According to the summary 
of the distribution shown on the Parameters sheet, we can 
assert with over 90 percent credibility that M did not exceed 
18 (P(M > 18) = 0.09, which can be seen in the last red bar in 
figure 10 or read more precisely from the results section on 
the Parameters sheet). NOTE: The effects of uncertainty are 
accounted for through simulation, so values for the mean and 
standard deviation of the informed prior may vary slightly 
from those shown in figure 10.
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Figure 10. Graph generated by Evidence of Absence software showing posterior distribution of M for the Indiana 
bat example for scenario 3 using informed prior distribution.
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Figure 11. Screen capture showing the Design Tradeoffs form for the Indiana bat example.

Optimizing the Search Protocol
We can improve estimates by taking advantage of the 
software’s design tools to optimize the search protocol prior to 
sampling.

1. Click Design Tradeoffs on the Parameters sheet. 
Within the form, enter the desired threshold, select 
the Variable option for all three management 
parameters, and enter a range of values to consider 
for each of the management parameters as shown in 
figure 11.

2. Define the same background parameter values as in 
the previous example (incorporating an informed 
prior distribution into the estimation of Indiana bat 
fatalities with X = 0, k = 0.75, etc.) using the tools 
on the right-hand side of the Design Tradeoffs 
form (fig. 11). Be sure that the Prior Distribution 
is Uniform with a maximum of 200 before 
clicking Save.

3. Click Draw Graph on the Design Tradeoffs form to 
create the following graphs (fig. 12).

Each graph in figure 12 shows the posterior probability 
that the number of fatalities exceeded the threshold as a 
function of searcher efficiency (p) and sampling coverage (a) 
for the given search interval. The ranges of efficiency and 
coverage are those specified by the user in the form. The five 
search intervals represented are the minimum and maximum 
intervals specified by the user and three intermediate values.
In our original search protocol, we had search interval of 
7 days, 15 percent searcher efficiency, and had 60 percent 
sampling coverage, which put us in the yellow region just 
to the right of the 0.75 line in the figure for Search interval 
(I) = 4 (fig. 12, upper right). To get to 90 percent credibility 
level (red) that five or fewer bats were killed seems nearly 
impossible—we’d need to search every day (I = 1) with 
20 percent searcher efficiency and 80 percent coverage or with 
35 percent efficiency and 60 percent coverage.
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Figure 12. Graphs generated by Evidence of Absence software showing design tradeoffs between search coverage, searcher 
efficiency, and search interval for the Indiana bat example for scenario 3.

However, if we combine an intensified search (daily searches, 
60 percent coverage, 20 percent searcher efficiency) with 
using an informed prior distribution, we do have a strong 
enough search protocol to conclude that five or fewer bats 
were killed (fig. 13).

To generate the figure, first re-run the year 1 analysis using 
the intensified search protocol (p = 0.2 with 95% CI = [0.15, 
0.25], I = 1) with a uniform prior: Edit Parameters to change 
the parameter values, Save, and Estimate Mortality for 

Given Parameter Set. Then Edit Parameters to change the 
year 2 prior to “Informed”. After clicking “Edit Parameter 
Values” for the prior distribution and “One previous year’s 
data”, the summary of the previous year’s search data should 
load into the form as the default values, i.e. X = 0, P(obs|arr) 
= 0.231 with 95% CI = [0.176, 0.282]. Click OK and Save. 
Then, Plot Posterior Distribution from the Parameters 
worksheet. NOTE: Calculation of g  = P(observe|arrive) relies 
on simulation, so your P(obs|arr) values and associated CI may 
vary slightly from what is shown above.
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Figure 13. Graph generated by Evidence of Absence software showing posterior distribution for the Indiana bat 
example with informed prior distribution and intensified search schedule.
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Scenario 4: Multiple sites

The posterior distributions for several different hypothetical 
sites have been gathered into one .csv file called multi-
site input.csv that is stored in the csv files folder. 
To run the analysis for this group of five sites, click Multiple 
Classes (sites, visibility, etc.) on the Parameters sheet and 
New Data from File(s) on the Multiple Classes sheet. Select 
Combined, click Go and enter the multi-site input 
.csv when prompted. This will generate the graph in 
figure 14.

According to the figure, the upper bound of the 85 percent 
credible interval is 12. Having observed a total of 3 Indiana 
bats, we can assert with 85 percent credibility that the total 
number of fatalities at the five sites was not greater than 12. 
A full list of the probabilities is shown in the worksheet. The 
graph and (or) the table of results can now be saved, or the 
user may click Return to Main Sheet, or do another analysis 
of Multiple Sites. 

tac14-0958_fig14
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Overall detection probability: g = 0.484
95% CI = [0.306, 0.663]
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Posterior Distribution of Total Fatalities Across 5 Classes

Figure 14. Graph generated by Evidence of Absence software showing posterior distribution for multiple sites for 
scenario 4.



26  Evidence of Absence Software User Guide

Acknowledgments
We would like to thank T.J. Miller and Dawn Bruns of 

the U.S. Fish and Wildlife Service (USFWS) for their tireless 
support of this project. We thank Paul Rabie and Kathy Irvine 
for rigorous evaluation of our statistical approach. A special 
thanks goes to Mark Dalthorp whose clever solutions saved 
us many hours of analysis and greatly improved the speed of 
the software. We are grateful to the many USFWS managers 
and industry consultants who tested and provided valuable 
feedback on earlier version of the software. Funding for this 
project was provided by the Ecosystems Mission Area Wildlife 
Program of the U.S. Geological Survey and the USFWS.

References Cited

Baier, T., and Neuwirth, E., 2007, Excel::COM::R: 
Computational Statistics, v. 22, no. 1, p. 91–108.

Bispo, R., Bernardino, J., Marques, T.A., and Pestana, D., 
2012, Modeling carcass removal time for avian mortality 
assessment in wind farms using survival analysis: 
Environmental and Ecological Statistics, v. 20, no. 1, 
p. 147–165, doi: 10.1007/s10651-012-0212-5.

Huso, Manuela M.P., 2011, An estimator of wildlife fatality 
from observed carcasses: Environmetrics, v. 22, no. 3, 
p. 318–329, doi: 10.1002/env.1052.

Huso, Manuela, and Dalthorp, Dan, 2014, Accounting for 
unsearched areas in estimating wind turbine-caused fatality: 
Journal of Wildlife Management, v. 78, p. 347–358,doi: 
10.1002/jwmg.663.

Huso, M.M.P., Dalthorp, D., Madsen, L., and Dail, D., in 
press, Estimating turbine-caused bird and bat fatality when 
zero carcasses are observed: Ecological Applications. 

Huso, Manuela, Som, Nicholas, and Ladd, Lew, 2012, Fatality 
estimator user’s guide: U.S. Geological Survey Data 
Series 729, 22 p.

Korner-Nievergelt, F, Korner-Nievergelt, P, Behr, O., 
Niermann, I., Brinkmann, R., and Hellriegel, B., 2011, 
A new method to determine bird and bat fatality at wind 
energy turbines from carcass searches: Wildlife Biology, 
v. 17, p. 350–363.

Shoenfeld, P., 2004, Suggestions regarding avian mortality 
estimation: Mountaineer Wind Energy Center Technical 
Review Committee; Report for the West Virginia Highlands 
Conservancy, West Virginia, 6 p.

Warren-Hicks, W., Newman, J.,Wolpert, R., Karas, B., and 
Tran, L., 2013, Improving methods for estimating fatality 
of birds and bats at wind energy facilities: Berkeley, 
California, CalWEA, California Energy Commission, 
CEC-500-2012-086, 136 p.



Appendix A  27

Appendix A.  Accounting for Uncertainty in Searcher Efficiency and Carcass 
Persistence 

Overview

Searcher efficiency and carcass persistence distribution are estimated from data collected in field trials. There is often a 

considerable degree of uncertainty associated with estimation of these parameters. Accounting for uncertainty in carcass 

persistence and searcher efficiency parameters leads to increased variance in the posterior distribution and greater difficulty 

in ruling out high numbers of fatalities. The Evidence of Absence software is designed to account for that uncertainty by 

simulation. Random searcher efficiency values and carcass persistence distribution parameter values are generated according to 

distributions derived from user input. For each random draw, the software calculates the probability p of observing a carcass in 

the study area during the monitoring season. It is assumed that all individuals arrive, persist, and are detected independently, so 

that the number of carcasses observed (X) is a binomial random variable conditional on the total mortality M. Thus, given prior

probabilities P(M = m), we obtain P(M = m| X; p) using Bayes’ formula ( ) ( ) ( )
( ) ( )

| ;
| ;

| ;
j X

P X M m p P M m
P M m X p

P X M j p P M j∞

=

= =
= =

= =∑
 

(Huso and Dalthorp, 2014). We assume p follows a beta distribution and use maximum likelihood to find the beta parameters α 

and β that give the best fit to the simulated p’s; then, X|M is a beta-binomial random variable with probability mass function:

              P X xM m
x m x

x
m= =( ) = ( ) + − +( )

( )
|

B
B

; ,
,
,

α β
α β
α β

                                                       (A1)

where
 B is the beta function ( ) ( ) ( ) ( )

( )
1 11
0

x y
B , 1

x y
xxx y t t dt−− Γ Γ

= − =
Γ +∫ . 

 

From this we calculate the posterior distribution P M mX p=( )| ;  for the given prior distribution P(M = m). 
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Uncertainty in Searcher Efficiency

The user provides an estimated mean searcher efficiency f̂  and 95% CI = [ ˆ ˆ,l uf f ], which is then assumed to follow a

beta distribution(appendix C) with parameters 
( )

( )

2

2

ˆ ˆ
ˆ

ˆ ˆ

16 1

u l

f f
f

f f

−
α = −

−
 and β α

µ
= −











1 1 , which is equvalent to mean

 µ = f̂  and variance 
2

2

4

ˆ ˆ
u lf f −

σ =   
 

.

Uncertainty in Persistence Distribution

For the exponential persistence distribution, the user provides point and interval estimates for the mean carcass persistence time 

(CP with 95% CI = CP CPLwr Upr,  ). (Equivalently, the user may provide point and interval estimates of r  = probability

that a carcass persists until the first search after arriving, but these are converted to CP and CP CPLwr Upr,   by the software

for the subsequent analysis). We make the assumption that mean CP is distributed as a beta random variable that is scaled

and translated to the interval CP CPLwr Upr, . More precisely, we set µ = (CP − CPLwr)/(CPUpr -CPLwr) and define parameters

α µ µ µ= −( ) −16 12  and β α
µ

= −










1 1 for a beta random variable b. Then, the random variable CP = b (CPUpr − CPLwr) +

CPLwr has mean = CP , variance = [(CPUpr − CPLwr)/4]2, and is a scaled and translated beta RV on the interval CP CPLwr Upr, .

To simulate uncertainty in an exponential persistence distribution, we generate random CPs following the beta distribution 

previously described. 

For the two-parameter persistence distributions (lognormal, log-logistic, and Weibull), we simulate uncertainty by holding the 

shape parameter (α) fixed and assuming the scale parameter (β) varies as a beta random variable with standard deviation equal 

to one-fourth the width of the 95% CI for βand mean equal to the user-provided point estimate for β.
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Appendix B.  Choice of Representative Interval Length for Calculating r

The length of the interval Ir chosen by the user to define the r parameter should be “typical” for the search protocol (for 

example, mean, median, and mode) for ease of interpretation, but beyond that, the choice is not critical. The r parameter should 

be thought of simply as a parameter of the persistence distribution. Assuming a search interval of Ir , an interpretation of r is 

that it represents the probability that a fresh carcass persists until the first search after arriving. For intervals of different lengths 

and for intervals in which the arrival function is not constant, r is still a parameter of the persistence distribution but it cannot be 

interpreted as the probability that a carcass arriving in that particular interval will persist until the next search.
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Weibull Distribution.—The parameterization used for the Weibull(α, β) distribution in the Evidence of Absence software is 

identical to that used in the base package in R with α = shape and β = scale. The probability density function (pdf) and 

cumulative distribution function (cdf) are given by

f x x e
x

( ) = ×










− −








α

β β

α
β

α
1

and F x e
x

( ) = −
−










1 β

α

, respectively, while the mean and variance are µ β
α

= = +





EX Γ 1 1

 and

( ) ( )2 2 2= V 1 2 / 1 1/X  σ = β Γ + β − Γ + α 
.

Lognormal Distribution.—The parameterization used for the Lognormal(α, β) is identical to that used in the base package in

R after substituting meanlog = β and sdlog = α . The pdf is given by 
2(log ) /(2 )

( )
2

xef x
x

− −β α

=
πα

, and the mean and variance

are EX e= =+β α µ/2  and VX e e= − =+( )α β α σ1 2 2 .

Log-Logistic Distribution.—The parameterization used for the loglogistic(α, β) is identical to that used by 

the R statistical package actuar after substituting shape = α and scale = β. The pdf is f x
x

x
( ) ( / )( / )

( / )
=

+





−α β β

β

α

α

1

2
1

,

the cdf is F x
x
x

( ) =
+

α

α αβ
, and the mean and variance are given by /E

sin( / )
X βπ α

=
π α

(if α > 1; otherwise, undefined) and 
2

2 2 / /V
sin(2 / ) sin( / )

X
  π α π α = β −  π α π α   

 (if α > 2; otherwise, undefined). 

Beta Distribution.—The parameterization used for the beta(α, β) that used in the base package in R shape1 = α and shape2

= β. The probability density function is given by f x x x( ) =
+( )

( ) ( )
−( )− −Γ

Γ Γ
α β
α β

α β1 11  for 0 ≤ x ≤ 1 and 0 otherwise. The mean and

variance are given as µ
α

α β
=

+
 and σ αβ

α β α β
2

2 1
=

+( ) + +( )
, respectively.

Negative Binomial.—The parameterization used for the negative binomial(r, p) distribution is identical to R’s with size = α 

and prob = p. The probability mass function is given by p x
x
x
p p x( ) =

+( )
( )

−( )
Γ
Γ

α
α

α

!
1 . The mean and variance are given as 

µ α= −( )1 p p/  and s2 = α(1 − p)/p2, respectively.

Appendix C.  Parameterizations of Distributions Used in the Software 
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Appendix D.  Using Previous Year’s Search Data to Inform Current Year’s Prior 
Distribution 

The general idea: The number of fatalities in a year is a random variable M. The search data from one year gives information 

about the random process generating carcasses. For example, if there is perfect overall detection probability g = 1 in a given 

year but no carcasses are found (X = 0), then we conclude there were m = 0 fatalities in that year. It does not mean there will 

zero the following year, but it does give some indication that a very high number of fatalities will be unlikely unless the random 

process that generates carcasses is extremely variable or changes substantially. 

Specifics: We make the assumption that the number of fatalities generated at a site in year is a random variable M ~ Negative 

binomial with mean = λ and variance = 5 λ. The previous year’s search data is then used to estimate a posterior

distribution of λ as: P X
P X P
P X P d

λ
λ λ

λ λ λ
|

|
( ) = ( )

( ) ( )∫
( | )

. Taking a uniform prior for λ, we get P X P X

P X dmax
λ

λ

λ λ
λ

|
|

( ) =
( )∫
( | )

0

.

For a given λ, P X P X M m P M m
m

| |λ λ λ( ) = =( ) =( )∑ . The terms P X M m| λ =( )  are beta-binomial probabilities, specifically,

X | M is binomial(M, p), where p is the probability of observing a carcass that arrives in the area of interest, and it is assumed 

that p ~ beta(α, β). α and β are derived from the estimated mean and 95% CI of p from the first year’s search. The terms

P M mλ =( ) are negative binomial probabilities λ λme m− / !, from which we calculate P X( | )λ . The prior distribution for M is

then given as P M P M P d( ) = ( ) ( )∫ |λ λ λ.
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Appendix E.  Using Several Previous Years’ Data to Inform Current Year’s Prior 
Distribution

Let Mi  be a random variable for the number of fatalities in year i , for i n= … +1 1, , , where we are interested in estimating the 

posterior of Mn+1 using data from previous years to inform the prior distribution. Let the carcass count and detection probability

for year i  be denoted by Xi and gi. We have X M gi i i~ ,binomial( ) . Make the simplifying assumption that Mi ~ i.i.d. negative

binomial with mean λ and σ λ2 5= . Then, M X P X M P X M P Mn n
m

n n+ + + +( ) = ( ) ( )








∑1 1 1 1| ( | ) / | , where P Mn+( )1  is the prior

distribution for Mn+1  informed by { : , , }X i ni = …1 and g i ni : ,= …{ }1 .

This prior can be calculated (estimated) as follows:

                ( ) ( ) ( )1 1 1| | ,  ,n n nP M P M P X X d+ += λ λ … λ∫                                                         (E1)

where ( ) ( ) ( )
( ) ( )

1
1

1

, , |
| , ,

, |
n

n
n

P X X P
P X X

P X X P d
… λ λ

λ … =
… λ λ λ∫

, and P λ( )  here is a prior distribution for λ.

Taking λ ~ uniform , this simplifies to P X X
P X X
P X X dn

n

n
λ

λ

λ λ
|

|

|1
1

1

, ,
, ,

,
…( ) =

…( )
…( )∫

. Because the Xi’s are independent, the numerator 

becomes Πi iP X | λ( ) , with each term P X P X M P Mi
m

i|λ λ λ( ) = ( )∑ ( | ) .

Let n be the number of years for which data (counts, detection probabilities, and relative weights) are available. We estimate the 

total number of fatalities by calculating a pooled overall detection probability as the weighted average of detection probabilities 

through the years and then applying the Bayesian formula to the collection of years considered as a single entity. The method for 

calculating a pooled g  is described below.
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Appendix F.  Estimating Total Number of Fatalities Over Several Years (or Several 
Sites) 

Let Gi  be a random variable for the conditional detection probability of a carcass that arrives at site i and let EG gi i=  and 

VGi i= σ2 . 

Let A M Mi i= /  be a random variable for the proportion of the total carcasses arriving in site i, where M M
i

i= ∑  and 

Mi i~Poisson λ( )  are independent.

Then, let G  be a random variable for the probability of detecting a carcass that arrives at one of the sites during the study period.

We have: ( ) ( )observe carcass|carcass arrives at site carcass arrives at site i i
i i

G G A P i P i= =∑ ∑ .

Define g G G A G Ai i i i= =   = [ ]∑ ∑E E E . But E E EG A G Ai i i i[ ] = ×  because Gi  and Ai  are independent. Define EG gi i=  and 

note that E E covA M M M MI i
i

i= [ ] ≅ +





 − ( )/ , /

λ
λ λ

λ1 1 2 ; but M M Mi= + ′ , where ′ =
≠
∑M M
j i

j  and the M j  are independent. 

Thus, cov cov cov cov( VM M M M M M M M M Mi i i i i i i i, , , , )( ) = +( ) = ( ) + = + =′ ′ 0 λ , so EAI
i≅
λ
λ

, which we will define  

as ai , or the expected proportion of carcasses arriving at site i. 

Therefore, we have: 

                                       EG gi i≅ ∑ λ λ/                                                                                    (F1)

The variance of G  is given by ( )2 2 2 2 2 V V V / 1/ /i i i i i i i i iG G A G M M a a g g   = = ≅ σ + λ + σ − λ   ∑ ∑ ∑ ∑ , which can be 

shown in several steps. For n = 2 , [ ] ( ) ( )2 2
21 1 2 2

1 1 2 2 2 2

2 cov ,
V V / X M

X M
X MX M

X MM G M GA G A G
M

 + σ σ + = ≅ µ µ + −    µ µµ µ   
, where 

X M G M G= +1 1 2 2  and the µ  and σ2  terms represent the means and variances of their subscripted variables. The components of 

the expression are calculated here:
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1. µ σ λM M= =2

2. µ λ λX g g= +1 1 2 2

3. σX M G M G M G M G2
1 1 2 2 1 1 2 2= +[ ] = [ ]+ [ ]V V V , because carcasses both arrive independently and are observed

  independently at different sites, and 

  [ ] 2 2 2 2 2 2V E V E V V Vi i i i i i i i i i i i i iM G M g g M g M g= × + × + × = + +λ σ λ σ λ  for i = 1, 2, so

  V X gi i i i i[ ] = + +∑ ∑λ σ λ σ2 2 2 2( )

4. cov cov cov covX M M G M G M M G M M M G M M, , , ,[ ] = +[ ] = +[ ]+ +[ ]1 1 2 2 1 1 1 2 2 2 1 2  

 
= [ ]+ [ ]+ [ ]+ [ ]cov cov cov covM G M M G M M G M M G M1 1 1 1 1 2 2 2 1 2 2 2, , , , .

 The middle two terms are zero because the sites are independent. The first and last terms are calculated as

 cov E E E E E E E E EM G M G M M G M G M G M Gi i i i i i i i i i i i i,[ ] = 



 − [ ] [ ] = × − =2 2 2 MM M gi i i i

2 2−( ) =E λ ,  so

 cov X M g g,[ ] = +1 1 2 2λ λ .

Combining the terms into the original expression gives:
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which can be rewritten as:

     VG a
a g g

i i
i i i

≅ +
+( ) −

∑
∑2 2

2 2 2

σ
σ

λ
               (F2)

By mathematical induction, the sums can be taken over i = 1, … , n. 
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2015 
RANGE-WIDE INDIANA BAT SUMMER SURVEY GUIDELINES 

April 2015 
 
INTRODUCTION 
 
The Indiana bat (Myotis sodalis) was originally listed as being in danger of extinction under the 
Endangered Species Preservation Act of 1966 (32 FR 4001, March 11, 1967), and is currently 
listed as endangered under the Endangered Species Act (ESA) of 1973, as amended.  This survey 
protocol provides the U.S. Fish and Wildlife Service’s (USFWS) recommended guidance on 
survey methodology and outlines additional reporting requirements for surveyors.  
 
The following guidance is designed to determine whether Indiana bats are present1 or likely 
absent at a given site during the summer (May 15 to August 15).  The phased-approach, which 
includes coordination with the USFWS2, habitat assessments, and acoustic, mist-net, radio-
tracking, and emergence surveys, supersedes all prior summer survey guidance (including the 
2007 and 2014 Indiana Bat Mist-Netting Guidelines).  Future changes to this guidance may 
occur and will be posted on the USFWS Indiana bat survey guidance website 
(http://www.fws.gov/midwest/endangered/mammals/inba/inbasummersurveyguidance.html).  
Please check this website to ensure use of the most current version of the guidance.   
 
These protocols may be different from those designed for general bat monitoring as part of the 
North American Bat Monitoring Program (NABat).  NABat surveys may be thought of as similar 
to breeding bird surveys and are not project-specific surveys in most cases.  Information from 
NABat surveys can be considered as part of “best available” information when assessing whether 
there is already some existing information on presence of Indiana bats in the vicinity of a given 
project.  We recommend following these guidelines for presence/probable absence surveys. 
 
NOTE: These protocols can also be used for northern long-eared bat presence/probable absence 
surveys for the 2015 field season.  The only difference is our definition of suitable summer 
habitat for northern long-eared bats.  
 
OBJECTIVES 
 
The objectives of Indiana bat summer survey guidelines are to (1) standardize range-wide survey 
procedures; (2) maximize the potential for detection/capture of Indiana bats at a minimum 
acceptable level of effort;(3) make accurate presence/absence determinations; and (4) aid in 
conservation efforts for the species by identifying areas where the species is present.   
 
                                                           
1 The guidance are not intended to be rigorous enough to provide sufficient data to fully determine population size or 
structure.   
2 Coordinate with the appropriate state natural resource agencies and any involved federal agency(ies) whenever 
“USFWS” coordination is listed.  USFWS FO(s) may direct project sponsors to state agencies for existing 
occurrence information.  Coordinate with your local USFWS FO(s) to understand the process for their area of 
jurisdiction. 

http://www.fws.gov/midwest/endangered/mammals/inba/inbasummersurveyguidance.html
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BACKGROUND 
 
In 2011, the USFWS developed a multi-agency team to determine whether improvements could 
be made to the 2007 Indiana Bat Mist-Net Protocols.  The team included members of the four 
USFWS regions (Midwest, Northeast, Southeast, and Southwest) where Indiana bats are known 
to occur, representatives of state natural resource agencies from three of those four regions 
(Midwest, Northeast, and Southeast), and representatives from three federal agencies (U.S. 
Geological Survey (USGS), Department of Defense, and U.S. Forest Service).  We obtained 
informal peer review of the draft guidelines in February 2012, gathered additional information in 
2012, and made a revised version available for public comment in 2013 [78 FR 1879, January 9, 
2013, and 78 FR 9409, February 8, 2013].  The USFWS implemented revised guidance in 2014.  
The USGS conducted independent testing of automated acoustic software programs during the 
winter of 2014-15 and the USFWS made some additional revisions to the guidelines in 2015. 
 
We considered the best available information for all aspects of the guidance.  For example, 
please see our white paper3 outlining the methodologies used to determine the minimum level of 
survey effort. The USFWS continues to work with local, State, and Federal biologists; scientific 
and academic institutions; commercial organizations; and other interested parties to collect 
additional data on the distribution, ecology, and biology of the Indiana bat and looks forward to 
receiving any additional pertinent information. 
 
GENERAL PROCESS 
 
Indiana bat surveys for some proposed projects will require modification (or clarification) of this 
guidance through coordination with the USFWS FO(s) responsible for the state(s) in which the 
project occurs4.   If not already required by federal permit, federal action agencies and surveyors  
should develop a proposed survey study plan in coordination with the USFWS FO(s) so that all 
parties fully understand which methods will be deployed, what assumptions will be made, and 
what the various outcomes would be based on the results of each step.  Project proponents may 
stop survey work at any point once an assumption or documentation of Indiana bat presence 
occurs.  Pre-survey coordination typically will preclude the need for subsequent reviews of 
intermediate steps by USFWS FO(s) during the busy field season. An online directory of 
USFWS FO(s) is available at http://www.fws.gov/offices/.  Unless otherwise agreed to by the 
USFWS, negative presence/probable absence survey results obtained using this guidance are 
valid for a minimum of two years5 from the completion of the survey.  If not already required by 
federal permit, please submit all results (negative or positive) from any phase to the USFWS 
FO(s).  We strongly encourage this coordination as it improves the USFWS’ understanding of 

                                                           
3 Available at http://www.fws.gov/midwest/endangered/mammals/inba/inbasummersurveyguidance.html 
4 For example, project sponsors for large acreage and/or landscape-scale projects that do not result in permanent 
habitat loss and would not pose an ongoing threat of lethal take, especially those proposed by land management 
agencies, may work with local USFWS FOs to apply different scales of surveys (broad vs. project-level) or different 
types of surveys, such as long-term monitoring results (e.g., forest-wide acoustic transect data) and/or targeted 
survey efforts (e.g., sub-sampling of large project areas), to address P/A concerns. 
5 The timeframe may be reduced if significant habitat changes have occurred in the area or increased based on local 
information.   

http://www.fws.gov/offices/
http://www.fws.gov/midwest/endangered/mammals/inba/inbasummersurveyguidance.html
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(1) the level of survey effort underway and (2) the distribution of the species.  A single report 
can be submitted at the end of all phases conducted for a given project. 
 
USFWS FO(s) level coordination is also important during the survey planning process.  The 
USFWS recognizes that there may be project-specific habitat conditions that do not lend 
themselves to surveying with either acoustic detectors or mist-nets even though it met the 
definition of suitable Indiana bat summer habitat.  The guidelines that are described in this 
document are designed to be implemented in habitats conducive to each technique described.  
We strongly encourage coordination with the FO(s) prior to implementation of methodologies 
that may not be appropriate for site-specific habitat conditions. 
 
Because Indiana bat surveys may result in take, such surveys should only be conducted by a 
qualified biologist6.  Generally, a recovery permit for the Indiana bat authorizes the capture of 
bats for identification, and handling of bats for measurements, photography, and radio 
transmitter attachment.  Following this guidance will meet standard USFWS requirements; 
however, surveyors also need to ensure they meet all applicable state permitting and reporting 
requirements.  Failure to follow the survey guidance, as written, and/or failure to follow a study 
plan which has received concurrence from the local USFWS FO(s), may result in USFWS FO 
recommendations for additional survey effort. 
 
The following provides a step-by-step outline of how Indiana bat summer surveys should be 
conducted in 2015.  Some of these steps can occur concurrently.   
 
PHASE 1 – INITIAL PROJECT SCREENING 
 
Step 1.  Coordinate with the U.S. Fish and Wildlife Service Field Office(s)7 regarding  
              existing Indiana bat summer occurrence information.   
              [Projects located within known Indiana bat summer habitat will not proceed to Phase 
               2 of this process.] 

 
a) If a project (located within or outside of a known maternity colony home range) is 

already covered under an existing Endangered Species Act (ESA) incidental take 
authorization (e.g., HCP, BO), then no further summer surveys are needed, follow the 
procedures previously authorized by the USFWS FO(s). 

 
b) If there are known Indiana bat summer occurrences (e.g., known roost trees, capture 

                                                           
6 A qualified biologist is an individual who holds a USFWS Recovery Permit (Federal Fish and Wildlife Permit) for 
Indiana bats in the state/region in which they are surveying and/or has been authorized by the appropriate state 
agency to net and handle Indiana bats.  Several USFWS offices maintain lists of qualified bat surveyors, and if 
working in one of those states with authorizations in lieu of a Recovery Permits, the individual will either need to be 
on that list or submit qualifications to receive USFWS approval prior to conducting any field work.  
7 Coordinate with the appropriate state natural resource agencies and any involved Federal Action agencies 
whenever “USFWS” coordination is listed.  USFWS FO(s) may direct project sponsors to state agencies for existing 
occurrence information.  Coordinate with your local USFWS FO(s) to understand the process for their area of 
jurisdiction. 
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locations, foraging locations) within the project action area8; OR 
  

if there are no known Indiana bat summer occurrences within the proposed project 
area itself, but the project area is located within a known maternity colony home 
range9; OR   

  
if the project is located outside a known maternity colony home range, but is within 
the range of the Indiana bat (note this can change over time), then proceed to Step 2. 

 
Step 2.  Conduct Habitat Assessment (Desktop or Field-based; see Appendix A). 

 
a) If suitable summer habitat is present within the action area, then proceed to Step 3. 

 
b) If suitable summer habitat is absent within the action area, then no further summer 

surveys are necessary; however, additional coordination with the USFWS FO(s) will 
be necessary if Indiana bats may be present during any other season and may be 
affected by the proposed project. 

 
Step 3.  Assess potential for adverse effects to Indiana bats. 

 
a) If the project is not anticipated to result in adverse effects to Indiana bats (as 

proposed), then no further summer surveys are necessary, coordinate with the 
USFWS FO(s). 

 
b) If the project may result in adverse effects to Indiana bats but the impacts can be 

adequately assessed and conservation measures can be designed to minimize those 
effects without additional presence/absence information (this includes all proposed 
projects within known maternity colony home ranges, but may include other areas as 
well), then no further summer surveys are necessary, coordinate with the USFWS 
FO(s) regarding an assessment of the project’s potential effects, development of 
conservation measures, and determination of the need for any ESA incidental take 
authorization. 

 
c) If the project does not meet the conditions of 3a or 3b, then proceed to Phase 2. 

 
 
  

                                                           
8 The “action area” is defined as all areas to be affected directly or indirectly by the Federal action and not merely 
the immediate area involved in the action. [50 CFR Section 402.02] 
9 See USFWS Indiana Bat Section 7 and Section 10 Guidance for Wind Energy Projects (Questions 4 & 5) 
http://www.fws.gov/midwest/endangered/mammals/inba/WindEnergyGuidance.html 

http://www.fws.gov/midwest/endangered/mammals/inba/WindEnergyGuidance.html
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PHASE 2 - PRESENCE/ABSENCE SURVEYS (NETTING OR ACOUSTIC SURVEYS)10 
 
During the summer of 2015, presence/probable absence (P/A) of Indiana bats may be determined 
by conducting either Step 4 (mist-netting; see Appendix B) or Step 5 (acoustics; see Appendix 
C) as outlined below.  It is the project proponent’s choice as to which option to use.  The summer 
survey season is from 15 May through 15 August for either survey option.  If netting is chosen as 
the preferred P/A method and an Indiana bat(s) is captured, then surveyors may immediately 
begin Phase 4/radio-tracking.  Project proponents must decide whether they will proceed to 
Phase 4 in coordination with the USFWS FO before any mist netting occurs.  Submit Phase 2 
study plans to USFWS FO prior to conducting surveys. 
 
Step 4.  Conduct Mist-Netting Surveys following Recovery Unit-based Protocols11 
              (see Appendix B) 

  
Northeast and Appalachian Recovery Units (CT, DE, MA, MD, NC, NJ, NY, PA, 
eastern TN, WV, VA, VT): 
 

Linear projects:  a minimum of 6 net nights per km (0.6 miles) of suitable summer 
habitat (see Appendix F). 
 
Non-linear projects:  a minimum of 42 net nights per 123 acres (0.5 km2) of 
suitable summer habitat.   
 
For example: 

• 7 sites, 2 nets/site for 3 calendar nights = 42 net nights 
• 7 sites, 3 nets/site for 2 calendar nights = 42 net nights 
• 3 sites, 2 nets/site for 7 calendar nights* = 42 net nights 
 

*Maximum of 3 nights of consecutive netting at any given net location.  After 3 
consecutive nights of netting at the same location, you must change net locations 
or wait at least 2 calendar nights before resuming netting at the same location.   
 

a) If no capture of Indiana bats, then no further summer surveys are  

                                                           
10 Note: acoustic and/or mist-net surveys should be conducted in the best suitable habitat possible for each survey 
type to increase the likelihood of detecting/capturing Indiana bats.  In some cases, the most suitable habitat for 
effectively conducting surveys may occur outside a project site boundary and may be sampled if landowner 
permission is available.  For projects with multiple survey areas (e.g., >123 acres or >1 km), survey methods may be 
interchanged.  For example, acoustics could be used for one 123-acre survey area and netting could be used for 
another 123-acre area. 
 
11 The Indiana bat populations in the Northeast and Appalachian Recovery Units have been most heavily impacted 
by white-nose syndrome to date; therefore, we recommend higher survey effort when compared to the Midwest and 
Ozark-Central Recovery Units. We have no recommendations for reducing the minimum level of effort required to 
demonstrate probable absence for projects <123 acres in size.  Level of effort is based on detection probabilities and 
occupancy estimates that were derived from past survey efforts that used the same acreage threshold.  Level of effort 
is designed to reach 90% confidence in negative survey results (see Niver et al. 2013).   
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      necessary12. 
 
b) If capture of Indiana bat(s), then stop or proceed to Phase 4 
      as previously decided in coordination with the FO. 
 

Midwest and Ozark-Central Recovery Units (AL, AR, IA, IL, IN, GA, KY, MI, MO, 
MS, OH, OK, central & western TN, and Lee County, VA): 
 

Linear projects:  a minimum of 4 net nights per km (0.6 miles) of suitable summer 
habitat (see Appendix F). 
 
Non-linear projects:  a minimum of 9 net nights per 123 acres (0.5 km2) of 
suitable summer habitat. 
 
For Example: 

• 3 sites, 1 nets/site for 3 calendar nights = 9 net nights 
• 1 sites, 3 nets/site for 3 calendar nights = 9 net nights 

 
The sampling period for each net shall begin at sunset and continue for at least 5 hours 
(longer survey periods may also improve success). 

 
*Maximum of 3 nights of consecutive netting at any given net location.  After 3 
consecutive nights of netting at the same location, you must change net locations 
or wait at least 2 calendar nights before resuming netting at the same location. 
 

a) If no capture of Indiana bats, then no further summer surveys are 
necessary. 

b) If capture of Indiana bat(s), then stop or proceed to Phase 4 
      as previously decided in coordination with the FO. 

 
OR 

 
Step 5.  Conduct Acoustic Surveys13 (see Appendix C) 

 
Linear projects:  a minimum of 2 detector nights per km (0.6 miles) of suitable summer 
habitat (see Appendix F). 
 
Non-linear projects: a minimum of 4 detector nights per 123 acres (0.5 km2) of suitable 
summer habitat.   
 

                                                           
12 NOTE: For Phase 2 Presence/Absence Surveys, wherever the phrase “no further summer surveys are necessary” 
occurs within this document, the USFWS FO(s) is in affect assuming probable absence of Indiana bats.  
13 Acoustic surveys are available as a Presence/Absence option throughout the range (i.e., Northeast, Appalachian, 
Midwest, and Ozark-Central Recovery Units). 
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2 detector locations per 123 acre "site" shall be sampled until at least 4 detector nights 
has been completed over the course of at least 2 calendar nights (may be consecutive). 
 
For example: 
 
• 2 detectors for 2 nights each (can sample the same location or move within the site) 
• 1 detector for 4 nights (must sample at least 2 locations) 

 
The acoustic sampling period for each site must begin at sunset14 and ends at sunrise each 
night of sampling. 

 
Optional coarse screening - for high frequency (HF) or myotid calls (depending 
on available filters) or Proceed to Step 6 
 
i) If no positive detection of HF calls (≥35 kHz) or myotid calls, no further  
            summer surveys necessary. 
 
ii) If positive detection of HF or myotid calls, then 

(a) proceed to Step 6 for further acoustic analysis; OR  
(b) assume presence of Indiana bats and coordinate with the USFWS 

FO(s); OR  
(c) assume presence and proceed to Phase 3. 

 
Step 6.  Conduct Automated Acoustic Analyses for each site that had HF or Myotid calls  
              from Step 5 or ALL sites if Step 5 was not conducted. 
 (NOTE: cannot skip this step and proceed directly to Step 7) 

 
Use one or more of the currently available ‘approved’ acoustic bat ID programs15 (use 
most current software versions available and manufacturer’s recommended setting for 
Indiana bat P/A surveys).  Include your plans for which specific software program(s) you 
will use in your survey work plan and submit for USFWS FO(s) review prior to 
conducting surveys.  Beginning with acoustic data from night one at each acoustic site, 
run each night’s data for each site through your chosen ID program(s).  Review results by 
site by night from each acoustic ID program used16.   
 

a) If Indiana bat presence is considered unlikely by all of the approved program(s) 
used in analysis, then no further summer surveys necessary. 

                                                           
14 Surveys may need to start a little earlier or later than official sunset times (i.e., at “dusk”) in some settings such as 
a deep/dark forested valleys or ridge tops to avoid missing early-flying bats or capturing late-flying birds, 
respectively.  Sunset tables for the location of survey can be found at: 
http://aa.usno.navy.mil/data/docs/RS_OneYear.php  
15 Approved programs are listed at 
http://www.fws.gov/midwest/Endangered/mammals/inba/surveys/inbaAcousticSoftware.html  
16 The approved acoustic identification programs all have implemented a maximum likelihood estimator (MLE) at 
this time.  If the analysis of collected calls at a given site on a given night results in the probable presence of Indiana 
bats with high levels of certainty (P<0.05), then select one of the options available in Step 6b. 

http://aa.usno.navy.mil/data/docs/RS_OneYear.php
http://www.fws.gov/midwest/Endangered/mammals/inba/surveys/inbaAcousticSoftware.html
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b) If Indiana bat presence is considered likely at one or more sites on one or more 
nights by any approved program(s) used in analysis, then  
 

i) proceed to Step 7 for qualitative ID; OR 
ii) assume presence of Indiana bats and coordinate with the USFWS FO(s); 

OR 
iii) assume presence and proceed to Phase 3. 

 
Step 7.  Conduct Qualitative Analysis of probable Indiana bat calls from Step 6.  

 
At a minimum, for each site/night a program considered Indiana presence likely (MLE 
results) review all files from that site/night.  Qualitative analysis17 must also include a 
comparison of the results of each acoustic ID program by site and night (including: 
number of call files flagged as probable Indiana bats by each tool used; an evaluation of 
other species identified by the acoustic ID program; individual file level agreements and 
disagreements on Indiana bats between programs; and a qualitative analysis of ALL 
probable Indiana bat call sequences to further evaluate that the correct ID has been 
recommended by the program used). 
 
a) If no visual confirmation of probable Indiana bats, then no further summer surveys 

necessary. 
 

b) If visual confirmation of probable Indiana bats, then 
 

i) assume presence of Indiana bats and coordinate with the USFWS FO(s); OR  
ii) assume presence and proceed to Phase 3. 

 
PHASE 3. CONDUCT MIST-NETTING SURVEYS TO CAPTURE INDIANA BATS. 
 

If netting was not conducted as the P/A method, then netting may be conducted in Phase 3 to 
capture and characterize (e.g., sex, age, reproductive condition) the Indiana bats that are 
present in an area and to facilitate Phase 4 efforts.  We encourage working with the FOs to 
develop Phase 3 netting plans based on best available information (e.g., positive acoustic 
locations).  There are no minimum requirements for this phase as this is not a P/A phase. 
 

a) If no Indiana bats are captured, then coordinate with the USFWS FO. 
 
b) If Indiana bats are captured, then proceed to Phase 4. 

 
PHASE 4.  CONDUCT RADIO-TRACKING AND EMERGENCE SURVEYS  
(See Appendices D and E). 
                                                           
17 Qualitative analysis of each acoustic site and night with probable detections of Indiana bats during Step 6 must 
include the entire night’s high-frequency call data and not just those files making it through the acoustic analysis 
tools as probable Indiana bats. 
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Summer habitat assessments are Step 2 of Phase 1- Initial Project Screening.  The information 
below is provided to assist applicants, consultants, and/or project proponents (hereinafter termed 
the “applicant”) in establishing whether summer surveys for Indiana bats should be conducted.  
As a reminder, the first step for determining presence of Indiana bats at a given site is to 
determine whether there is any existing occurrence data available for the vicinity of the project 
from the local USFWS FO.  This step can be conducted remotely via a desktop analysis (e.g., use 
of aerial photography to assess the potential presence of suitable habitat).  The applicant is 
responsible for developing and providing sufficient information as to whether potentially suitable 
summer Indiana bat habitat exists within a proposed project area.  If suitable habitat is present, 
the applicant should calculate the amount and submit this to the USFWS FO(s) and determine 
the need for any presence/absence surveys (Phase 2).  Note: if Indiana bats are present or 
assumed to be present during any phase, more detailed habitat information may be necessary to 
adequately assess the potential for impacts (see attached example Indiana Bat Habitat 
Assessment Datasheet).  If no suitable habitat is present, no surveys are needed to assess risk 
during the summer.  Habitat assessments for Indiana bats can be completed any time of year and 
applicants are encouraged to submit results and proposed Phase 2 study plans well in advance of 
the summer survey season.   
 
PERSONNEL 
 
Habitat assessments should be completed by individuals with a natural resource degree or 
equivalent work experience.   
 
DEFINITION FOR POTENTIALLY SUITABLE INDIANA BAT SUMMER HABITAT 
 
Suitable summer habitat for Indiana bats consists of a wide variety of forested/wooded habitats 
where they roost, forage, and travel and may also include some adjacent and interspersed non-
forested habitats18 such as emergent wetlands and adjacent edges of agricultural fields, old fields 
and pastures.  This includes forests and woodlots containing potential roosts (i.e., live trees 
and/or snags ≥5 inches dbh19 (12.7 centimeter) that have exfoliating bark, cracks, crevices, 
and/or hollows), as well as linear features such as fencerows, riparian forests, and other wooded 
corridors.  These wooded areas may be dense or loose aggregates of trees with variable amounts 
of canopy closure.  Individual trees may be considered suitable habitat when they exhibit the 
characteristics of a potential roost tree and are located within 1,000 feet (305 meters) of other 

                                                           
18 Non-forested habitats typically should be excluded from acreages used to establish a minimum level of survey 
effort for Phase 2 surveys.  
19 While trees <5 inches (<12.7 cm) dbh that have exfoliating bark, cracks, crevices, and/or hollows may have some 
potential to be male Indiana bat summer roosting habitat, the USFWS does not consider early-successional, even-
aged stands of trees <5 inches dbh to be suitable roosting habitat for the purposes of this guidance.  Suitable roosting 
habitat is defined as forest patches with trees of 5-inch (12.7 cm) dbh or larger.  However, early successional habitat 
with small diameter trees may be used as foraging habitat by Indiana bats.  Therefore, a project that would remove 
or otherwise adversely affect ≥20 acres of early successional habitat containing trees between 3 and 5 inches (7.6-
12.7 cm) dbh would require coordination/consultation with the USFWS FO to ensure that associated impacts would 
not rise to the level of take.  The USFWS may request P/A surveys if >20 acres of early successional habitat were 
proposed for removal. 
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forested/wooded habitat.  We recommend that project proponents or their representatives 
coordinate with the appropriate USFWS Field Office to more clearly define suitable habitat for 
their particular region as some differences in state/regional suitability criteria may be warranted 
(e.g., high-elevation areas may be excluded as suitable habitat in some states).  
 
DEFINITION FOR POTENTIALLY SUITABLE NORTHERN LONG-EARED BAT 
SUMMER HABITAT 
 
Suitable summer habitat for NLEB consists of a wide variety of forested/wooded habitats where 
they roost, forage, and travel and may also include some adjacent and interspersed non-forested 
habitats such as emergent wetlands and adjacent edges of agricultural fields, old fields and 
pastures. This includes forests and woodlots containing potential roosts (i.e., live trees and/or 
snags ≥3 inches dbh that have exfoliating bark, cracks, crevices, and/or cavities), as well as 
linear features such as fencerows, riparian forests, and other wooded corridors. These wooded 
areas may be dense or loose aggregates of trees with variable amounts of canopy closure. 
Individual trees may be considered suitable habitat when they exhibit characteristics of suitable 
roost trees and are within 1000 feet of other forested/wooded habitat20.  NLEB has also been 
observed roosting in human-made structures, such as buildings, barns, bridges, and bat houses; 
therefore, these structures should also be considered potential summer habitat21.  NLEBs 
typically occupy their summer habitat from mid-May through mid-August each year22 and the 
species may arrive or leave some time before or after this period. 
 
SUBMISSION OF HABITAT ASSESSMENT AND PHASE 2 STUDY PLAN (IF NEEDED) 
 
If a proposed project may affect (positively or negatively) Indiana bats and the conditions 
outlined in Step 3 a or b are not met, a habitat assessment report should be submitted to the 
appropriate USFWS FO(s) (and/or to the lead Federal Action Agency, such as the USACE, as 
appropriate) along with a draft study plan for the Phase 2 (acoustic or netting) survey (if suitable 
habitat is present).  Complete reports will include the following: 

1. Full names and relevant titles/qualifications of individuals (e.g., John E. Smith, 
Biologist II, State University, B.S. Wildlife Science 2007) completing the habitat 
assessment and when the assessment was conducted 

2. A map and latitude/longitude or UTM clearly identifying the project location (or 
approximate center point) and boundaries 

3. A detailed project description (if available) 

4. Documentation of any known/occupied spring staging, summer, fall swarming, 
and/or winter habitat for Indiana bats within or near the project area 

                                                           
20 This number is based on observations of bat behavior indicating that such an isolated tree (i.e., ≥1000 feet) would 
be extremely unlikely to be used as a roost. This distance has also been evaluated and vetted for use for the Indiana 
bat. See the “Indiana bat Section 7 and Section 10 Guidance for wind Energy Projects,” question 33, found at: 
http://www.fws.gov/midwest/endangered/mammals/inba/WindEnergyGuidance.html   
21 Trees found in highly-developed urban areas (e.g., street trees, downtown areas) are extremely unlikely to be 
suitable NLEB habitat.   
22 Exact dates vary by location. 
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5. A description of methods used during the habitat assessment 

6. A summary of the assessment findings and a completed Indiana Bat Habitat 
Assessment Datasheet (see attached below; use of this particular datasheet is 
optional) 

7. Other information that may have a bearing on Indiana bat use of the project area 
(e.g., presence of fall or winter habitat [caves, crevices, fissures, or sinkholes, or 
abandoned mines of any kind], bridges and other non-tree potential summer 
roosts.)  

8. Any other information requested by the local USFWS FO(s) related to the project 

 

In addition, Phase 2 Study Plans should contain the following: 

1. A statement as to which type of P/A surveys will be conducted (i.e., mist netting or 
acoustic surveys) and how the proposed survey level of effort (i.e., total # of net 
nights or detector nights) was calculated/determined; 

2. A map depicting the proposed number of survey sites (mist netting or acoustic) and 
their tentative distribution throughout the project area; 

3. A tentative list of surveyors names and copies of relevant federal permits (if required 
in the project State);  

4. A tentative survey schedule (e.g., start date, duration, end date);  

5. For mist netting surveys with planned Phase 4 radio-tracking – the approximate 
number and distribution of transmitters (e.g., prioritization of sex/age, maximum 
number per site) and a request that bats targeted for tracking may be held for up to 45 
minutes23 to allow for application of transmitters; and 

6. For acoustic surveys - information on which specific program(s) will be used and 
what level of acoustic analyses will be conducted. 
 

                                                           
23 Current standard federal Section 10 bat permit conditions require prior written approval from the Field Supervisor 
in the USFWS FO(s) if capture times may exceed 30 minutes.  
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Mist-netting can be used as a presence/probable absence method (Phase 2 surveys) or it can be 
conducted for the purpose of attempting to capture Indiana bats after detection during acoustic 
presence/probable absence surveys (Phase 3 surveys).  The same recommendations (e.g., season, 
personnel, equipment, net placement, checking nets) apply for either use of mist-netting surveys. 
 
SUMMER MIST-NETTING SEASON: May 1524 – August 15 
 
Capture of reproductive adult females (i.e., pregnant, lactating, or post-lactating) and/or young of 
the year during May 15 – August 15 confirms the presence of a maternity colony in the area.  
Since adult males and non-reproductive females have commonly been found summering with 
maternity colonies, radio-tracking results will be relied upon to help determine the presence or 
absence of a maternity colony or large concentrations of bats in the area when only males and/or 
non-reproductive females are captured. 
 
PERSONNEL 
 
A qualified biologist(s)25 must (1) select/approve mist-net set-ups in areas that are most suitable 
for capturing Indiana bats, (2) be physically present at each mist-net site throughout the survey 
period, and (3) confirm all bat species identifications.  This biologist may oversee other 
biological technicians and manage mist-net set-ups in close proximity to one another as long as 
the net-check timing (i.e., every 10 minutes) can be maintained while walking between nets.  
 
COORDINATION WITH USFWS FO(s) 
 
If not already required by federal permit, we recommend that applicants submit a draft study plan 
for all survey phases to the USFWS FO(s) for review and approval.  Study plans should include a 
map/aerial photo identifying the proposed project area boundaries, suitable bat habitats and 
acreages within the project area, and the proposed number and tentative locations of net sites.  
 
EQUIPMENT 
 
Use the finest, lowest visibility mesh mist-nets commercially available, as practicable.  
Currently, the finest net on the market is 75 denier, 2 ply, denoted 75/2 (Arndt and Schaetz 
2009); however, the 50 denier nets are still acceptable for use at this time.  The finest mesh size 
available is approximately 1½ inches (38 millimeters).   
 

                                                           
24 Due to concerns with transmission of white-nose syndrome, some USFWS FO(s) and state natural resource 
agencies have delayed the start of the Indiana bat summer field survey season/mist-netting until June 1.  
Surveyors/applicants should always coordinate with local USFWS FO(s) and state natural resource agencies before 
beginning surveys. 
25 A qualified biologist is an individual who holds a USFWS Recovery Permit (Federal Fish and Wildlife Permit) for 
Indiana bats in the state/region in which they are surveying and/or has been authorized by the appropriate state 
agency to net and handle Indiana bats.  Several USFWS offices maintain lists of qualified bat surveyors, and if 
working in one of those states with authorizations in lieu of a Recovery Permits, the individual will either need to be 
on that list or submit qualifications to receive USFWS approval prior to conducting any field work.  
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No specific hardware is required.  There are many suitable systems of ropes and/or poles to hold 
nets.  The system of Gardner et al. (1989) has been widely used.  See NET PLACEMENT for 
minimum net heights, habitats, and other netting requirements that affect the choice of hardware. 
 
To minimize potential for disease transmission, any equipment that comes in contact with bats 
should be kept clean and disinfected, following approved protocols; this is particularly a concern 
relative to white-nose syndrome (WNS).  Disinfection of equipment to avoid disease 
transmission (e.g., WNS) is required; protocols are posted at 
http://www.whitenosesyndrome.org/.  Federal and state permits may also have specific 
equipment restrictions and disinfection requirements.   
 
MINIMUM PRESENCE/ABSENCE MIST-NETTING LEVEL OF EFFORT (PHASE 2)     
 
The number of net sites required for a non-linear project will be dependent upon the overall 
acreage of suitable habitat proposed to be impacted by the action.  To determine the survey 
effort, quantify the amount of suitable summer habitat within the project area.  NOTE: for 
projects where other impacts are likely (e.g., collision), ensure that presence/probable absence 
surveys are designed to cover the entire project area and NOT just the locations where tree 
removal is planned.  Additional guidance for linear project is in Appendix F. 
 
Conduct Mist-Netting Surveys following Recovery Unit-based protocols26 

  
Northeast and Appalachian Recovery Units (CT, DE, MA, MD, NC, NJ, NY, PA, 
eastern TN, WV, VA, VT): 
 

Linear projects:  a minimum of 6 net nights per km (0.6 miles) of suitable summer 
habitat (see Appendix F). 
 
Non-linear projects:  a minimum of 42 net nights per 123 acres27 (0.5 km2) of 
suitable summer habitat.   
 
For example: 

• 7 sites28, 2 nets29/site for 3 calendar nights = 42 net nights 
• 7 sites, 3 nets/site for 2 calendar nights = 42 net nights 
• 3 sites, 2 nets/site for 7 calendar nights* = 42 net nights  
 

                                                           
26 The Indiana bat populations in the Northeast and Appalachian Recovery Units have been most heavily impacted 
by white-nose syndrome; therefore, we recommend higher survey effort when compared to the Midwest and Ozark-
Central Recovery Units.  
27 We have no recommendations for reducing the minimum level of effort required to demonstrate probable absence 
for projects <123 acres in size.  Detection probabilities and occupancy estimates were derived from past survey 
efforts that used the same acreage threshold (see Niver et al. 2013).   
28 A site is defined as a geographic area to be sampled.  It can include one or more nets that can be managed by one 
Qualified Biologist. 
29 A net is defined as any combination of individual panels and poles (e.g., single, double, triple high) to fill the area 
(e.g., corridor) being sampled. 

http://www.whitenosesyndrome.org/
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Maximum of 3 nights of consecutive netting at any given net location.  After 3 
consecutive nights of netting at the same location, you must change net locations 
or wait at least 2 calendar nights before resuming netting at the same location.   
 

a) If no capture of Indiana bats, then no further summer surveys are  
necessary30. 

b) If capture of Indiana bat(s), then stop or proceed to Phase 4 
as previously decided in coordination with the FO(s). 

 
 
Midwest and Ozark-Central Recovery Units (AL, AR, GA, IA, IL, IN, KY, MI, MO, 
MS, OH, OK, and central & western TN): 
 

Linear projects:  a minimum of 4 net nights per km (0.6 miles) of suitable summer 
habitat (see Appendix F). 

 
Non-linear projects:  a minimum of 9 net nights per 123 acres (0.5 km2) of 
suitable summer habitat. 
 

• 3 sites, 1 nets/site for 3 calendar nights = 9 net nights 
• 1 sites, 3 nets/site for 3 calendar nights = 9 net nights 

 
Maximum of 3 nights of consecutive netting at any given net location.  After 3 
consecutive nights of netting at the same location, you must change net locations 
or wait at least 2 calendar nights before resuming netting at the same location. 
 

a) If no capture of Indiana bats, then no further summer surveys are 
necessary. 

b) If capture of Indiana bat(s), then stop or proceed to Phase 4 
 as previously decided in coordination with the FO(s). 

 
MIST-NETTING SURVEYS TO CAPTURE INDIANA BATS AFTER ACOUSTICS WERE 
USED AS P/A METHOD (PHASE 3) 
 

If netting was not conducted as the P/A method, then netting may be conducted to capture 
and characterize (e.g., sex, age, reproductive condition) the Indiana bats (documented 
through the Phase 2 acoustic P/A survey) present in an area and to facilitate Radio-tracking 
(Phase 4) efforts.  We encourage working with the FO(s) to develop Phase 3 netting plans 
based on best available information (e.g., positive acoustic locations).  There are no 
minimum requirements for this phase as this is not a P/A phase. 
 
a) If no Indiana bats are captured, then coordinate with the USFWS FO. 

                                                           
30 NOTE: For Phase 2 Presence/Absence Surveys, wherever the phrase “no further summer surveys are necessary” 
occurs within this document, the USFWS FO(s) is in affect assuming probable absence of Indiana bats during the 
summer.  
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b) If Indiana bats are captured, then proceed to Phase 4 as previously decided in 
coordination with the FO(s). 

 
NET PLACEMENT 
 
Potential travel corridors (e.g., streams, logging trails) typically are the most effective places to 
net (although other places may also be productive; see Carroll et al. 2002).  Place nets 
approximately perpendicular across the corridor.  Nets should fill the corridor from side to side, 
extending beyond the corridor boundaries when possible, and from stream (or ground) level up 
to the overhanging canopy.  Nets of varying widths and heights may be used as the situation 
dictates.  A typical set is at least 5 m to 9 m high consisting of two or more nets stacked on top 
one another and from 6 m to 18 m wide.  If netting over water, ensure there is enough space 
between the net and the water so that captured bats will not get wet.  
 
Occasionally it may be necessary or desirable to net where a suitable corridor is lacking.  The 
typical equipment described in the section above may be inadequate for these situations, 
requiring innovation on the part of the surveyor (see Humphrey et al. 1968).  See Kiser and 
MacGregor (2005) for additional discussion about net placement. 
 
Although no minimum spacing between mist-nets is being specified, surveyors should attempt to 
evenly distribute net set-ups throughout suitable habitat and must provide written justification in 
their report if net set-ups were not distributed throughout suitable habitat (i.e., why were they 
clumped?).  Net set-ups can be repeatedly sampled throughout the project, but generally no more 
than 2-3 nights at a single location is recommended.  In addition, changing locations within a 
project area may improve capture success (see Robbins et al. 2008; Winhold and Kurta 2008).  
Photo-document placement of nets. 
 
SURVEY PERIOD 
 
The survey period for each net shall begin at sunset31 and continue for at least 5 hours (longer 
survey periods may also improve success). 
 
CHECKING NETS 
 
Each net set-up should be checked approximately every 10 minutes (Gannon et al. 2007).  If 
surveyors monitor nets continuously, take care to minimize noise, lights and movement near the 
nets.  Monitoring the net set-up continuously with a bat detector (ideally using ear phones to 
avoid alerting bats) can be beneficial: (a) bats can be detected immediately when they are 
captured, (b) prompt removal from the net decreases stress on the bat and potential for the bat to 
escape (MacCarthy et al. 2006), and (c) monitoring with a bat detector also allows the biologist 
to assess the effectiveness of each net placement (i.e., if bats are active near the net set-up but 

                                                           
31 Surveys may need to start a little earlier or later than official sunset times (i.e., at “dusk”) in some settings such as 
a deep/dark forested valleys or ridge tops to avoid missing early-flying bats or capturing late-flying birds, 
respectively.  Sunset tables for the location of survey can be found at: 
http://aa.usno.navy.mil/data/docs/RS_OneYear.php. 

http://aa.usno.navy.mil/data/docs/RS_OneYear.php
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avoiding capture), which may allow for adjustments that will increase netting success on 
subsequent nights.  There should be no other disturbance near the nets, other than to check nets 
and remove bats.  Biologists should be prepared to cut the net if a bat is severely entangled and 
cannot be safely extracted within 3 or 4 minutes (CCAC 2003; Kunz et al. 2009). 
 
Capture and handling are stressful for bats.  Emphasis should be on minimizing handling and 
holding bats to as short a time as possible to achieve field study objectives.  Indiana bats should 
not be held for more than 30 minutes after capture, unless the individual is targeted for radio-
tracking.  Bats targeted for radio-tracking should be released as quickly as possible, but no 
longer than 30 minutes32 after capture, or as allowed in federal and state permits.  See Kunz and 
Kurta (1988) for general recommendations for holding bats.   
 
WEATHER, LIGHTING, AND OTHER ENVIRONMENTAL CONDITIONS 
 
Severe weather adversely affects capture of bats.  Some Indiana bats may remain active despite 
inclement weather and may still be captured while others in the same area become inactive.  
Therefore, negative surveys combined with any of the following weather conditions throughout 
all or most of a sampling period are likely to require an additional night of mist-netting: (a) 
temperatures that fall below 50°F (10°C); (b) precipitation, including rain and/or heavy fog, that 
exceeds 30 minutes or continues intermittently during the survey period; and (c) sustained wind 
speeds greater than 9 miles/hour (4 meters/seconds; 3 on Beaufort scale). 
 
NOTE: Provided that nets are not dripping wet, surveyors can resume netting to meet the 
minimum 5-hour requirement after short periods of adverse weather.  If nets are under good 
cover, light rain may not alter bat behavior.  However, if no bats are being captured during 
marginal weather, coordinate with the USFWS FO(s).  
 
It is typically best to place net set-ups under the canopy where they are out of moonlight, 
particularly when the moon is half-full or greater.  Net set-ups illuminated by artificial light 
sources should also be avoided. 
 
The shining of lights, and noise should be kept to a minimum with no smoking around the survey 
sites.  In addition, the use of radios, campfires, running vehicles, punk sticks, citronella candles 
and other disturbances will not be permitted within 300 feet of mist nets (or acoustic detectors) 
during surveys. 
 
DOCUMENTATION OF INDIANA BAT CAPTURES  
 
If an Indiana bat(s) is captured during mist-netting, protocols for radio-tracking and emergence 
survey requirements, as provided in Appendix D and E, respectively, should be followed.  In 
addition, the appropriate USFWS FO(s) must be notified of the capture within 48 hours (or in 
accordance with permit conditions), and the sex and reproductive condition of the bat and GPS 
coordinates of the capture site should be provided. 
                                                           
32 Current standard federal Section 10 bat permit conditions require prior written approval from the Field Supervisor 
in the USFWS FO(s) if capture times may exceed 30 minutes. 
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Several species of bats from the genus Myotis share common features which can make 
identification difficult; Indiana bats and little brown bats (Myotis lucifugus) can be particularly 
difficult to distinguish.  Photo-documentation of all bats captured and identified as Indiana bats 
and the first 10 little brown bats per project are requested to verify the identifications made in the 
field.   
 
Photo-documentation should include diagnostic characteristics: 

•  a ¾-view of face showing ear, tragus, and muzzle 
•  view of calcar showing presence/absence of keel 
•  a transverse view of toes showing extent of toe hairs 

 
If a bat from the genus Myotis is captured during mist netting that cannot be readily identified to 
the species level, then species verification may be attempted through fecal DNA analysis.  
Collect one or more fecal pellets (i.e., guano) from the bat in question by placing it temporarily 
in a holding bag (15 minutes is usually sufficient, no more than 30 minutes is recommended).  
The pellet (or pellets) collected should be placed in a small vial (e.g., 1.5 ml) with silica gel 
desiccant; pellets from each individual bat should be stored in separate vials and out of direct 
light.  Fees charged by independent laboratories for sequencing fecal DNA samples is generally 
inexpensive (approx. $50 per guano sample), however, it has been challenging to identify labs 
willing to consistently conduct these analyses.  Any additional information and a list of available 
laboratories will be made available on the Indiana bat webpage on the USFWS’s Region 3 
website (http://www.fws.gov/midwest/Endangered/mammals/inba/index.html). 
 
SUBMISSION OF MIST-NETTING RESULTS 
 
Provide results of netting surveys to the appropriate USFWS FO(s) in accordance with 
previously agreed upon33 timeframes.  If Indiana bats are captured, this report should also 
include the results of subsequent radio-tracking and emergence counts.  Reports should include 
the following: 

1. Copy of prior phase reports (if not previously provided). 

2. Explanation of any modifications from original survey plan (e.g., altered net 
locations).34 

3. Description of net locations (including site diagrams), net set-ups (include net 
heights), survey dates, duration of surveys, weather conditions, and a summary of 
findings. 

4. Map identifying netting locations and information regarding net set-ups, including 
lat/long or UTM, individual net placement, net spacing (i.e., include mist-netting 

                                                           
33 As discussed in the Introduction, we encourage coordination with USFWS FO(s) prior to implementation of any 
surveys to ensure that all parties agree upon the need for surveys, the methods proposed, and the decisions from 
various survey results.  
34 If the USFWS previously agreed upon the study plan we need to understand whether the revised work still 
accomplished the agreed upon methods 

http://www.fws.gov/midwest/Endangered/mammals/inba/index.html
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equipment in photographs of net locations), and adequate justification if net set-
ups are not evenly distributed across suitable habitat within the project area. 

5. Full names of mist-netting personnel attending each mist-net site during an 
operation, including the federally-permitted/qualified biologist present at each 
mist-net site.  Indicate on the field data sheet the full name of person who 
identified bats each night at each site.    

6. Legible copies of all original mist-netting datasheets (see example datasheet 
below) and a summary table with information on all bats captured during the 
survey including, but not limited to: capture site, date of capture, time of capture, 
sex, reproductive condition, age, weight, right forearm measurement, band number 
and type (if applicable), and Reichard’s wing damage index score (Reichard and 
Kunz. 2009). 

7. Photographs of all net set-ups, as well as all Indiana bats and the first 10 little 
brown bats captured from each project, so that the placement of netting equipment 
and identification of species can be verified.  Photographs of bats should include 
all diagnostic characteristics that resulted in the identification of the bat to the 
species level. 

8. Any other information requested by the local USFWS FO(s) related to the project.  
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SUMMER ACOUSTIC SURVEY SEASON: May 15 – August 15 
 
PERSONNEL35 
 
Overall:  Acoustic surveyors should have either completed one or more of the available bat 
acoustic courses/workshops (e.g., BCI, BCM, AnaBat) or be able to show similar on-the-job or 
academic experience. 
 
Detector Deployment: Acoustic surveyors should have a working knowledge of the acoustic 
equipment and Indiana bat ecology.  Surveyors should be able to identify appropriate detector 
placement sites and establish those sites in the areas that are most suitable for recording high-
quality Indiana bat calls.  Thus, it is highly recommended that all potential acoustic surveyors 
attend appropriate training and have experience in the proper placement of their field equipment.   
 
Acoustic Analysis: Acoustic surveyors should have a working knowledge of the approved 
acoustic analysis programs.  Thus, it is highly recommended that all potential acoustic surveyors 
attend appropriate training and have experience in the analysis of acoustic recordings. 
 
Qualitative Analysis: Individuals qualified to conduct qualitative analysis of acoustic bat calls 
typically have experience: (1) gathering known calls.  This provides a valuable resource in 
understanding how bat calls change and the variation present in them; (2) identifying bat calls 
recorded in numerous habitat types; (3) familiarity with the species likely to be encountered 
within the project area; and (4) individuals must have multiple years of experience and must 
have stayed current with qualitative ID skills.  A resume (or similar documentation) must be 
submitted along with final acoustic survey reports for anyone making final qualitative 
identifications. 
 
COORDINATION WITH USFWS FO(s) 

If not already required by federal permit, we recommend that applicants submit a draft study plan 
for all survey phases to the USFWS FO(s) for review and approval.  Study plans should include a 
map/aerial photo identifying the proposed project area boundaries, suitable bat habitats and 
acreages within the project area, the proposed number and tentative locations of acoustic 
monitoring sites, and the identification of the approved acoustic software program(s) (and 
version #) used for analysis of calls for the specific project.  If a single software program is used 
for analysis, surveyors will not be allowed to switch programs from what was originally 
identified in their final study plan.  

 
DETECTOR AND MICROPHONE REQUIRED CHARACTERISTICS 
 
Full-spectrum and/or zero-crossing detectors are suitable for use in this survey protocol. 
 
Directional microphones are the only microphone type accepted for acoustic surveys at this time, 
although omni-directional microphones that have been converted to directional microphones are 
                                                           
35 Coordinate with your local FO regarding any state-specific requirements. 
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also acceptable.  Microphones attached to detectors via a cable are also acceptable. 
 
Use recommended manufacturer settings for conducting Indiana bat P/A surveys. 
 
ACOUSTIC SAMPLING PROTOCOL 
 
Detector/Microphone Placement 
Detector/Microphone placement is critical to the successful isolation of high-quality bat call 
sequences for later analysis.  The following locations are likely to be suitable sites for 
detectors/microphones, including, but not limited to:  (a) forest-canopy openings; (b) near water 
sources; (c) wooded fence lines that are adjacent to large openings or connect two larger blocks 
of suitable habitat; (d) blocks of recently logged forest where some potential roost trees remain; 
(e) road and/or stream corridors with open tree canopies or canopy height of more than 33 feet 
(10 meters); and (f) woodland edges (Britzke et al. 2010).  It is also important to assess the 
volume and area of highest sensitivity within the zone of detection around the microphone to 
ensure the best detector/microphone placement and orientation.  If detectors/microphones are 
placed in unsuitable locations, effective data analysis may be impossible, and the results of the 
sampling effort will likely be invalid.       
 
Many features (e.g., vegetation, water, wind turbines, high-tensile power-lines, micro-wave 
towers) can reduce the quality of call sequences recorded in the field and impact the surveyor’s 
ability to record high-quality bat call sequences by causing calls to reflect off of these surfaces.  
The following recommendations are provided to aid surveyors in their selection of acoustic sites.  
If surveyors choose acoustic sites outside of these recommendations, then adequate justification 
for doing so should be provided with the acoustic survey report provided to the USFWS FO(s); 
otherwise, results from these sites will not be accepted.  Surveyors should deploy 
detectors/microphones:  (a) at least 5 feet (1.5 meters) in any direction from vegetation or other 
obstructions (Hayes 2000; Weller and Zabel 2002); (b) in areas without, or with minimal36, 
vegetation within 33 feet (10 meters) in front of the microphone; (c) parallel to woodland edges; 
and (d)  at least 49 feet (15 meters) from known or suitable roosts37 (e.g., trees/snags, buildings, 
bridges, bat houses, cave or mine portal entrances).   
 
Elevating a detector greater than 1.5 meters above ground level vegetation can dramatically 
improve recording quality.   For example, microphones can be attached horizontally to a pole to 
listen out into flight space, rather than just listening up from the ground. This will serve to 
increase the volume of airspace sampled and avoid the distortion effect of recording near the 
ground.  
 

                                                           
36 If necessary, surveyors can remove small amounts of vegetation (e.g., small limbs, saplings) from the estimated 
detection cone at a site, much like what is done while setting up mist-nets.  Deployment of detectors/microphones in 
closed-canopy locations that typically are good for mist-netting are acceptable as long as the area sampled below the 
canopy does not restrict the ability of the equipment’s detection cone to record high-quality calls (i.e., the vegetation 
is outside of the detection cone). 
37 If the surveyor discovers a potential roost and wishes to document bat use, please refer to Appendix E for 
guidance on conducting emergence surveys and contact the USFWS FO(s). 
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Surveyors should distribute acoustic sites throughout the project area or adjacent habitats.  In 
most cases, acoustic sites should be at least 656 feet (200 meters) apart.  If closer spacing is 
determined to be necessary or beneficial (e.g., multiple suitable habitats and acoustic sites 
immediately adjacent to each other), sufficient justification must be provided in the acoustic 
survey report submitted to USFWS FO(s). 
 
Verification of Deployment Location  
It is recommended to temporarily attach GPS units to each detector (according to manufacturer’s 
instructions) to directly record accurate location coordinates for each acoustic site that is paired 
with the acoustic data files.  Regardless of technique used, accurate GPS coordinates must be 
generated and reported for each acoustic survey site.   
 
Verification of Proper Functioning 
It is highly recommended that surveyors ensure acoustic detectors are functioning properly 
through a periodic verification of performance to factory specifications (a service currently 
offered or in development by several manufacturers).  It may be possible that independent 
service bureaus would be willing to perform this service, providing that a standard 
test/adjustment procedure can be developed. 
 
It is also recommended to ensure equipment is working during set-up in the field.  This can be 
done simply by producing ultrasound (e.g., finger rubs, calibrator, or follow the equipment 
manufacturer’s testing recommendations) in front of the microphone at survey start and survey 
finish.  In addition, ultrasound should be used to document the effective cone of detection of 
each detector once deployed for sampling.  These tests document that the equipment was 
working when deployed and when picked up (and by assumption throughout the entire period) as 
well as confirming that detector placement is acceptable, to record high-quality calls, given the 
variation of each detector’s effective detection cone.  Detector field settings (e.g., sensitivity, 
frequency, etc.) should follow the recommendations provided by the manufacturer.  Surveyors 
should also save files produced by detectors (e.g., log files, status files, sensor files) as an 
excellent way to provide documentation when equipment was functioning within the survey 
period.  Many types of detectors allow for setting timers that initiate and end recording sessions.  
This saves battery life as well as reducing the number of extraneous noise files recorded.  
However, if the units are visited when the timer is off, the surveyor cannot verify that the unit is 
functioning properly.  This is particularly important in areas where no bat activity is recorded for 
the entire night or during the last portion of the night.  In these cases, if the surveyor cannot 
demonstrate that the detector was indeed functioning properly throughout the survey period then 
the site will need to be re-sampled, unless adequate justification can be provided to the USFWS 
FO(s).   
 
Selection of acoustic sites is similarly important.  Suitable set-up of the equipment should result 
in high-quality call sequences that are adequate for species identification.  Nights of sampling at 
individual sites that produce no bat calls may need to be re-sampled unless adequate justification 
(e.g., areas with significant bat population declines due to WNS) can be provided to the USFWS 
FO(s).  Modifications of the equipment (e.g., changing the orientation) at the same location on 
subsequent nights may improve quantity and quality of call sequences recorded, which can be 
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determined through daily data downloads.  If modifications of the equipment do not improve call 
identification, then the detectors will need to be moved to a new location. 
 
Orientation 
Detectors deployed near the ground (e.g., on a tripod) should be aimed 45 degrees or more above 
horizontal.  Microphones deployed higher within the flight path/zone (e.g., on a pole) should be 
oriented horizontally.  In some circumstances (e.g., forest openings), it might be desirable to aim 
a detector’s microphone vertically.  This has shown to record high-quality calls but precludes the 
use of weatherproofing for protection of the microphone, since no currently-approved 
weatherproofing system will adequately protect the microphone of a detector aimed vertically.    
 
Deploy detectors at or below the lowest expected flight height of the bats but high enough above 
ground vegetation to avoid interference within the detection cone.   Once acoustic sites are 
identified, photographs documenting the orientation, detection cone (i.e., “what the detector is 
sampling”), and relative position of the microphone should be taken for later submittal to the 
USFWS FO(s) as part of the acoustic survey report (See Submission of Acoustic Survey Results 
for additional description). 
 
Weather Conditions 
If any of the following weather conditions exist at a survey site during acoustic sampling, note 
the time and duration of such conditions, and repeat the acoustic sampling effort for that night: 
(a) temperatures fall below 50°F (10°C) during the first 5 hours of survey period; (b) 
precipitation, including rain and/or fog, that exceeds 30 minutes or continues intermittently 
during the first 5 hours of the survey period; and (c) sustained wind speeds greater than 9 
miles/hour (4 meters/second; 3 on Beaufort scale) during the first 5 hours of the survey period.  
At a minimum, nightly weather conditions for survey sites should be checked using the nearest 
NOAA National Weather Service station and summarized in the survey reports.  
 
Weatherproofing  
Most bat detectors are not weatherproof when delivered from the factory. Recording without 
after-market weatherproofing is preferred as the addition of these systems may result in some 
signal degradation.  The decision to weatherproof detectors or not should be determined 
nightly based on the likelihood of precipitation in the survey area. 
 
For directional microphones, the use of a polyvinyl chloride (PVC) tube38, generally in the form 
of a 45-degree elbow the same diameter as the microphone (Britzke et al. 2010) is acceptable, if 
the situation requires the use of after-market weatherproofing.  Attach the elbow to a 
weatherproof box that houses the main portion of the detector.  Point the microphone into one 
end of the elbow and point the open end of the elbow in the direction to be monitored (generally 
45 degrees to horizontal).  Another option for weatherproofing detectors is to detach the 
microphone from the detector so that the detector can be placed in a weatherproof container but 
the microphone (tethered by a cable) remains unobstructed. 
 
                                                           
38 The PVC option has only been tested with AnaBat detectors and directional microphones.  It may not perform as 
well with other detector microphone combinations.   
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Other after-market weatherproofing systems may become available and approved by the USFWS 
provided they show that call quality and the number of calls recorded are comparable to those 
without weatherproofing.   
 
MINIMUM LEVEL OF EFFORT 
 
The number of acoustic survey sites required for a project will be dependent upon the overall 
acreage of suitable habitat proposed to be impacted by the action.  To determine the acoustic 
survey effort, quantify the amount of suitable summer habitat within the project area.  NOTE: for 
projects where other impacts are likely (e.g., collision), ensure that presence/probable absence 
surveys are designed to cover the entire project area and NOT just the locations where tree 
removal is planned. 
 
 

Linear projects:  a minimum of 2 detector nights per km (0.6 miles) of suitable summer 
habitat (See Appendix F). 
 
At least 1 detector location for at least 2 calendar nights. 
 
Non-linear projects: a minimum of 4 detector nights per 123 acres (0.5 km2) of suitable 
summer habitat.   
 
2 detector locations per 123 acre "site" shall be sampled until at least 4 detector nights 
has been completed over the course of at least 2 calendar nights (may be consecutive). 
 
For example: 
 
• 2 detectors for 2 nights each (can sample the same location or move within the site) 
• 1 detector for 4 nights (must sample at least 2 locations) 

 
 
The acoustic sampling period for each site must begin at sunset39 and ends at sunrise each night 
of sampling. 
 
ANALYSIS OF RECORDED ECHOLOCATION CALLS      
 
Step 5. Optional coarse screening - for high frequency (HF) or myotid calls (depending on 

available filters) or Proceed to Step 6. 
 

a) If no positive detection of HF calls (≥35 kHz) or myotid calls, no further  
            summer surveys necessary. 

                                                           
39 Surveys may need to start a little earlier or later than official sunset times (i.e., at “dusk”) in some settings such as 
a deep/dark forested valleys or ridge tops to avoid missing early-flying bats or capturing late-flying birds, 
respectively.  Sunset tables for the location of survey can be found at: 
http://aa.usno.navy.mil/data/docs/RS_OneYear.php  

http://aa.usno.navy.mil/data/docs/RS_OneYear.php
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b) If positive detection of HF or myotid calls, then 

i)  proceed to Step 6 for further acoustic analysis; OR  
ii)  assume presence of Indiana bats and coordinate with the USFWS FO(s); 

OR  
iii)  assume presence and proceed to Phase 3. 

 
Step 6.  Conduct Automated Acoustic Analyses for each site that had HF or Myotid calls  
              from Step 5 or ALL sites if Step 5 was not conducted.   

 
Use one or more of the currently available ‘approved’ acoustic bat ID programs40 (use 
most current software versions available and manufacturer’s recommended setting for 
Indiana bat P/A surveys).  Include your plans for which software you will use in your 
survey study plan and submit for USFWS FO review prior to conducting surveys.  
Beginning with acoustic data from night one at each acoustic site, run each night’s data 
for each site through your chosen program(s).  Review results by site by night from each 
acoustic ID program used41.   
 

a) If Indiana bat presence is considered unlikely by the approved program(s) used in 
analysis, then no further summer surveys necessary.  

 
b) If Indiana bat presence is considered likely at one or more sites on one or more 

nights by any approved program(s) used in analysis, then  
i) proceed to Step 7 for qualitative ID; OR 
ii) assume presence of Indiana bats and coordinate with the USFWS FO(s); 

OR 
iii) assume presence and proceed to Phase 3. 

 
Step 7.  Conduct Qualitative Analysis of probable Indiana bat calls from Step 6.  

 
At a minimum, for each site/night a program considered Indiana presence likely, review 
all files from that site/night.  Qualitative analysis42 must also include and present within a 
written  report a comparison of the results of each acoustic ID program by site and night 
(including: number of call files flagged as probable Indiana bats by each tool used; an 
evaluation of other species identified by the acoustic ID program; individual file level 
agreements and disagreements on Indiana bats between programs; and a qualitative 
analysis of ALL probable Indiana bat call sequences to further evaluate whether  the 
correct ID has been made by the program(s) used). 

                                                           
40 Candidate programs are listed at 
http://www.fws.gov/midwest/Endangered/mammals/inba/surveys/inbaAcousticSoftware.html  
41 The candidate acoustic identification programs all have implemented a maximum likelihood estimator (MLE) at 
this time.  If the analysis of collected calls at a given site on a given night results in the probable presence of Indiana 
bats with high levels of certainty (P< 0.05), then select one of the options available in Step 6b. 
42 Qualitative analysis of each acoustic site and night with probable detections of Indiana bats during Step 6 should 
include the entire night’s high frequency call data and not just those files making it through the acoustic analysis 
tools as probable Indiana bats in Step 6. 

http://www.fws.gov/midwest/Endangered/mammals/inba/surveys/inbaAcousticSoftware.html
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a) If no visual confirmation of probable Indiana bats, then no further summer surveys 

necessary. 
 

b) If visual confirmation of probable Indiana bats, then 
 

i) assume presence of Indiana bats and coordinate with the USFWS FO(s); OR 
ii) assume presence and proceed to Phase 3.  

 
 
SUBMISSION OF ACOUSTIC SURVEY RESULTS 
 
NOTE:  All raw data MUST be maintained for a period of 7 years and be made available to the 
USFWS FO(s), if requested.  Failure to do so may result in invalidation of survey results. 
 
Provide results of acoustic surveys to the appropriate USFWS FO(s) in accordance with 
previously agreed upon43 timeframes.  Each acoustic survey report should include the following: 

1. Copy of habitat assessment (if not previously provided) 

2. Explanation of any modifications from original survey plan (e.g., altered site 
locations)44 

3. Description of acoustic monitoring sites, survey dates, duration of survey, weather 
conditions, and a summary of findings 

4. Map identifying acoustic monitoring locations and a corresponding table 
including the GPS coordinates 

5. Full names of all personnel conducting acoustic surveys, including those that 
selected acoustic sites and deployed detectors, and include copies of state and 
federal permits (if applicable) 

6. Full name and resume of individual(s) conducting qualitative acoustic analyses 

7. Table with information on acoustic monitoring and resulting data, including but 
not limited to: detector GPS coordinates, survey dates, survey hours 

8. Description of acoustic detector brand(s) and model(s) used, microphone type, use 
of weatherproofing, acoustic monitoring equipment settings (e.g., sensitivity, 
audio and data division ratios), deployment data (i.e., deployment site, habitat, 
date, time started, time stopped, orientation), and call analysis methods used 

9. Acoustic analysis software program output/summary results by site by night (i.e., 
number of calls detected, species composition, MLE results) 

                                                           
43 As discussed in the Introduction, we encourage coordination with USFWS FO(s) prior to implementation of any 
surveys to ensure that all parties agree upon the need for surveys, the methods proposed, and the decisions from 
various survey results.  
44 If the USFWS previously agreed upon the study plan we need to understand whether the revised work still 
accomplished the agreed upon methods. 
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10. Detailed analysis and results of any qualitative acoustic analysis conducted on 
those projects where a program(s) considered Indiana bat presence likely, 
including justification for rejecting any program MLE results (if applicable). 

11. Photographs of each acoustic site documenting the location of the detector, the 
orientation of the detector, and the detection cone (i.e., what the detector 
sampled).  Please include detector in photographs of acoustic sites. 

12. A description of how proper functioning of bat detectors was verified 

13. Any other information requested by the local USFWS FO(s) related to the project  

 
 
REFERENCES 
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echolocation-monitoring studies. Acta Chiropterologica 2:225-236. 
 
MacKenzie, D.I., and J.A Royle. 2005. Designing occupancy studies: general advice and 

allocating survey effort. Journal of Applied Ecology 42:1105-1114. 
 
Weller, T. J., and C. J. Zabel. 2002. Variation in bat detections due to detector orientation in a 
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PERSONNEL 
 
Transmitter Attachment: A qualified biologist45 who is experienced in handling Indiana bats 
and attaching radio transmitters must perform transmitter attachments, as further explained in the 
protocol below.   
 
Tracking: Biological technicians and/or a qualified biologist who is experienced in tracking 
transmittered bats must be present and actively involved in all tracking activities for Indiana bats 
as further explained in the protocol below. 
 
METHODS 
 
If one or more Indiana bats are captured, the following radio-tracking protocols will be 
applicable:   
 

1. Biologists should coordinate in advance with USFWS FO(s) regarding recommendations 
for the number and distribution of transmitters (e.g., prioritization of sex/age, maximum 
number per site) and whether foraging data would be beneficial to collect.  Also, 
professional judgment should be used to determine whether attachment of transmitters 
could compromise the health of a bat.  Since the maximum holding times for Indiana bats 
targeted for radio-tracking is 30 minutes46, or as allowed in federal and state permits, 
surveyors should be prepared to place transmitters on bats immediately following their 
capture to minimize holding times. 
 

2. The radio transmitter, adhesive, and any other markings (e.g., wing bands) should weigh 
less than 5% of pre-attachment body weight (Aldridge and Brigham 1988, American 
Society of Mammalogists 1998), the total weight of the package (transmitter and 
adhesive) may not exceed 6% of the bat’s body weight, and must comply with any 
USFWS and state permits.  In all cases, the lightest transmitters capable of the required 
task should be used, particularly with pregnant females and volant juveniles.  With 
pregnant bats, biologists should always use the lightest transmitter possible but no more 
than 5% of their expected non-pregnant weight.   
 

3. Proposed radio telemetry equipment (e.g., receivers, antennas, and transmitters) and 
frequencies should be coordinated with the appropriate state natural resource agency and 
USFWS FO(s).   
 

4. The qualified biologist or biological technician(s) should track all radio-tagged bats 
captured to diurnal roosts in accordance with permit requirements.  We generally 

                                                           
45 A qualified biologist is an individual who holds a USFWS Recovery Permit (Federal Fish and Wildlife Permit) for 
federally-listed bats in the state/region in which they are surveying and/or has been authorized by the appropriate 
state agency to mist-net for Indiana bats.  Several USFWS offices maintain lists of qualified bat surveyors, and if 
working in one of those states with authorizations in lieu of a Recovery Permits, the individual will either need to be 
on that list or submit qualifications to receive USFWS approval prior to conducting any field work.  
46 Current standard federal Section 10 bat permit conditions require prior written approval from the Field Supervisor 
in the USFWS FO(s) if capture times may exceed 30 minutes 
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recommend tracking until the transmitter fails, fall off, or cannot be located for at least 7 
days and should conduct a minimum of 2 evening emergence counts at each identified 
roost (See Appendix E for Emergence Survey Protocols).  However, biologists are 
encouraged to continue radio-tracking efforts for the life of the transmitter.  Biologists 
should contact the USFWS FO(s) immediately if they plan to cease tracking efforts 
before the 7-day tracking period ends.  If landowner access is denied, approximate roost 
locations (i.e., coordinates) should be determined using triangulation.   
 

5. Daily radio telemetry searches for roosts must be conducted during daylight hours and 
should be conducted until the bat(s) is located or for a minimum of 4 hours of ground or 1 
hour of aerial-searching effort per tagged bat per day for 7 days.  However, multiple bats 
captured at the same net location or nearby may be tracked simultaneously.  Once a 
signal is detected, tracking should continue until the roost is located.  At a minimum, 
biologists should document all ground and aerial-searching effort for all bats not 
recovered during radio-tracking for submittal with the survey report.  For each roost 
identified during tracking, the biologist should complete a “USFWS Indiana Bat Roost 
Datasheet”. 
 

6. To minimize potential for disease transmission, any equipment that comes in contact with 
bats should be kept clean and disinfected, following approved protocols; this is 
particularly a concern relative to WNS.  Protocols are posted at 
http://www.whitenosesyndrome.org/.  Federal and state permits may also have specific 
equipment restrictions and disinfection requirements.  

 
SUBMISSION OF RADIO-TRACKING RESULTS 
 
Phase 4 radio-tracking results should be included with the Phase 2 or 3 mist-netting report and 
submitted to the appropriate USFWS FO(s).  Each report should include the following 
information related to radio-tracking efforts: 
 

1. Copy of prior phase reports (if not previously provided) 
2. Explanation of any modifications from original survey plan (e.g., number of transmitters 

used, frequency of transmitters changed)47 
3. Map and narrative detailing all ground and aerial searching effort for all bats not 

recovered during radio-tracking and relative to the negotiated or agreed effort as 
determined by the appropriate USFWS FO(s) 

4. Map summarizing Indiana bat data collected from summer surveys for the proposed 
project (e.g., project area boundary and results from the site habitat assessment, acoustic 
survey, mist-net survey, radio-tracking, and emergence surveys) 

5. Full names and permit numbers of personnel who attached transmitters to Indiana bats 
and full names of all personnel conducting radio-tracking efforts  

6. Photographs of all roosts identified during radio-tracking 
7. Legible copies of all original USFWS Indiana Bat Roost Datasheets 

                                                           
47 If the USFWS previously agreed upon the study plan we need to understand whether the revised work still 
accomplished the agreed upon methods 

http://www.whitenosesyndrome.org/
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8. Any other information requested by the local USFWS FO(s) where work was conducted 
 
 
REFERENCES 
 
Aldridge, H., and R.M. Brigham.  1988.  Load carrying and maneuverability in an insectivorous 

bat: a test of the 5% “rule.”  Journal of Mammalogy 69:379-382.     
 
American Society of Mammalogists.  1998.  Guidelines for the capture, handling and care of 

mammals.  Journal of Mammalogy 79:1416-1431.     
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USFWS INDIANA BAT ROOST DATASHEET 
Biologists (Full Name):_________________________ Date:_____________________ 

UTM:  Zone________  Easting _______________  Northing________________  OR 

LAT_______________  LONG_______________ 

Property Owner:_____________________________ Phone#____________________ 

State________________________ County___________________ Site #___________ 

Roost #__________________ Roost Name:___________________________________ 

Roost Tree Data 

Species: ________________________________________  Live __  Snag __  Other __             

(if other, explain) ________________________________________________________ 

DBH (in or cm)___________________ Total Height (ft or m)___________________ 

Height of roost area (if known)______________Dist. from capture site___________ 

Roost position aspect (deg)_________  

Exfoliating bark on bole (%)_____________ Describe: sloughing __ platy__ tight__ 

Cavities present? ____ If so, describe:_______________________________________ 

 

Roost Decay State:  1   2   3   4   5   6   7   8   9  Other 
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Roost tree or snag canopy position:  Dominant __  Co-Dominant __  Suppressed __ 

 

Surrounding Habitat Condition 

Canopy closure at roost (%) _______________ 

Approximate woodlot size (ac or ha)______________ Distance to non-forest (ft or m)____________ 

Describe forest/woodlot current condition (mature, partially cut-over, burned, insect damage, etc.) 
_________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 

Additional Comments__________________________________________________________________ 

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
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PERSONNEL 
 
Qualified biologists48, biological technicians, and any other individuals deemed qualified by a 
local USFWS FO may conduct emergence surveys for Indiana bats by following the protocols 
below. 
 
EMERGENCE SURVEYS FOR KNOWN INDIANA BAT ROOSTS 
 
The following protocols should begin as soon as feasible after identification of a diurnal roost 
(ideally that night): 
 

1. Bat emergence surveys should begin one half hour before sunset49 and continue until at 
least one hour after sunset or until it is otherwise too dark to see emerging bats.  The 
surveyor(s) should be positioned so that emerging bats will be silhouetted against the sky 
as they exit the roost.  Tallies of emerging bats should be recorded every few minutes or 
as natural breaks in bat activity allow.  There should be at least one surveyor per roost.  
Surveyors must be close enough to the roost to observe all exiting bats but not close 
enough to influence emergence.  That is, do not stand directly beneath the roost, do not 
make noise or carry on a conversation, and minimize use of lights (use a small flashlight 
or similar to record data, if necessary).  Do not shine a light on the roost as this may 
prevent or delay bats from emerging.  Use of an infra-red, night vision, or thermal-
imaging video camera or spotting scope is encouraged but not required.  Likewise, use of 
an ultrasonic bat detector may aid in identifying the exact timing of bats emerging and 
may be used to help differentiate between low- and high-frequency bats species, and 
therefore, is strongly recommended.  If multiple roosts are known within a colony, then 
simultaneous emergence surveys are encouraged to estimate population size.  [Note: If a 
roost cannot be adequately silhouetted, then the local USFWS FO(s) should be contacted 
to discuss alternative survey methods]. 
 

2. Bat activity is affected by weather; therefore emergence surveys should not be conducted 
when the following conditions exist: (a) temperatures that fall below 50°F (10°C); (b) 
precipitation, including rain and/or fog, that exceeds 30 minutes or continues 
intermittently during the survey period; and (c) sustained wind speeds greater than 9 
miles/hour (4 meters/second; 3 on Beaufort scale). 
 

3. Surveyors should use the attached (or similar) “Bat Emergence Survey Datasheet”. 
 

                                                           
48 A qualified biologist is an individual who holds a USFWS Recovery Permit (Federal Fish and Wildlife Permit) for 
federally-listed bats in the state/region in which they are surveying and/or has been authorized by the appropriate 
state agency to mist-net for Indiana bats.  Several USFWS offices maintain lists of qualified bat surveyors, and if 
working in one of those states with authorizations in lieu of a Recovery Permits, the individual will either need to be 
on that list or submit qualifications to receive USFWS approval prior to conducting any field work.  
49 Surveys may need to start a little earlier or later than one half hour before official sunset times (i.e., before “dusk”) 
in some settings such as deep/dark forested valleys or ridge tops, respectively.  Sunset tables for the location of 
survey can be found at: http://aa.usno.navy.mil/data/docs/RS_OneYear.php 

http://aa.usno.navy.mil/data/docs/RS_OneYear.php
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4. Surveyors should also complete an “Indiana Bat Roost Datasheet” for each roost known 
to be used by one or more Indiana bats (see Appendix D for an example). 

 
5. Completed datasheets should be included in reports prepared for the USFWS. 

 
EMERGENCE SURVEYS FOR POTENTIAL INDIANA BAT ROOSTS 
 
In some limited cases (e.g., individual hazard tree removal  during the active season), surveyors 
may have the option of conducting emergence surveys for individual potential Indiana bat roosts 
to determine use prior to removal.  The following protocol applies to these surveys: 
 

1. Consult with the local USFWS FO(s) to determine whether a tree(s) that needs to be 
felled/ cleared may be potential roosting habitat for Indiana bats and whether conducting 
an emergence survey is an appropriate means of avoiding take of Indiana bats50.  In 
general, the USFWS only approves of conducting emergence surveys as a means of 
avoiding direct take of bats for projects that only affect a very small number of potential 
roosts (e.g., less than or equal to 10)51 in relatively small project areas.  An online 
directory of USFWS offices is available at: http://www.fws.gov/offices/.  
 

2. If the USFWS FO(s) approves/concurs with Step 1, then follow the emergence guidelines 
for Emergence Surveys for Known Indiana Bat Roosts (above) to determine if any bats 
are roosting in the tree(s).   

 
3. At the conclusion of the emergence survey: 

 
a. If no bats were observed emerging from the potential roost(s), then it maybe 

felled immediately.  If safety concerns dictate that a tree cannot be felled 
immediately (i.e., in the dark), then the tree(s) should be felled as soon as possible 
after sunrise on the following day.  If a tree is not felled during the daytime 
immediately following an emergence survey, then the survey has to be repeated, 
because bats may switch roosts on a nightly basis.  Immediately after the tree is 
felled, a visual inspection of the downed tree must be completed to ensure that no 
bats were present, injured, or killed.  The USFWS FO(s) should be contacted 
immediately, if bats are discovered during this inspection. 
 

b. If 1 or more bats (regardless of species, because species identification cannot 
reliably be made during visual emergence counts alone) are observed emerging 
from the roost, then it should not be felled, and the USFWS FO(s) should be 
contacted the next working day for further guidance.  

                                                           
50 If a potential bat roost tree poses an imminent threat to human safety or property, then emergency consultation 
procedures should be followed as appropriate. (50 CFR §402.05).  If a hazard tree does not pose an imminent threat, 
then the USFWS requests that it be felled during the bat’s inactive season (i.e., generally from October – March, but 
contact the FO for specific dates for your area.)  When possible, felling of potential roost/hazard trees should be 
avoided during the primary maternity period (June – July) to avoid potential adverse effects to non-volant pups.  
51 Areas containing >10 hazard trees will be assessed by the USFWS on a case-by-case basis with the project 
proponent. 

http://www.fws.gov/offices/
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SUBMISSION OF EMERGENCE SURVEY RESULTS 
 
Emergence survey results should be included with the mist-netting survey report, unless the 
survey was completed as an evaluation of potential roosts, and should be submitted to the 
appropriate USFWS FO(s) for review.  Each survey report should include the following 
information related to emergence survey efforts: 
 

1. Copy of prior phase reports (if not previously provided) 

2. Explanation of any modifications from the Phase 4 emergence count study plan 
(e.g., number of potential roosts surveyed), if applicable 

3. Summary of roost emergence data 

4. Map identifying location of roost(s) identified during radio-tracking and/or 
emergence surveys for Indiana bat(s) including GPS coordinates 

5. Full names of personnel present during emergence survey efforts and who 
conducted emergence surveys of roosts 

6. Photographs of each identified roost 

7. Copies of all “Emergence Survey” and “Indiana Bat Roost” datasheets 

8. Any other information requested by the local USFWS FO(s) where work was 
conducted 

9. Copy of the pre-approved site-specific written authorization from USFWS and/or 
state natural resource agency (if required) 
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USFWS BAT EMERGENCE SURVEY DATASHEET 
 
 
 

Date: _________________  Surveyor(s) Full Name:_________________________________________ 
State: _____  County: ___________________  Project Name: _________________________________ 
Site Name/#: _____________________  Roost Name/# ______________________  Bat #:___________ 
Lat/Long or UTM of Roost:  ____________________________________________________________ 
Description of Roost/Habitat Feature Surveyed: ___________________________________________ 
_____________________________________________________________________________________ 
Bat Species Known to be using this Roost/Feature (if not known, leave blank): 
_____________________________________________________________________________________ 
Other Suspected Bat Species (explain): ___________________________________________________ 
Weather Conditions during Survey (temperature, precipitation, wind speed): 
____________________________________________________________________________________ 
Survey Start Time: ____________  Time of Sunset: ____________  Survey End Time: ____________ 
NOTE:  Emergence surveys should begin ½ hour before sunset and continue for a minimum of 1 hour or until it is 
otherwise too dark to see emerging bats.  The surveyor(s) should position him or herself so that emerging bats will 
be silhouetted against the sky as they exit the roost.  Tallies of emerging bats should be recorded every few minutes 
or as natural breaks in bat activity allow.  Please ensure that surveyor(s) are close enough to the roost to observe all 
exiting/returning bats, but not close enough to influence emergence (i.e., do not stand directly beneath the roost and 
do not make unnecessary noise and/or conversation, and minimize use of lights other than a small flashlight to 
record data, if necessary).  Do not shine a light on the roost tree crevice/cave/mine entrance itself as this may 
prevent or delay bats from emerging.  If available, use of an infra-red, night vision, or thermal-imaging video 
camera or spotting scope and an ultrasonic bat detector are strongly recommended but not required.   

 
Time 

Number of Bats 
Leaving Roost* 

 
Comments / Notes 
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Site Name/#: ______________________  Roost Name/#: ___________________________ 
 

 
Time 

Number of Bats 
Leaving Roost* 

 
Comments / Notes 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

Total Number of 
Bats Observed 
Emerging from the 
Roost/Feature 
During the Survey: 

  

*  If any bats return to the roost during the survey, then they should be subtracted from the tally. 

Describe Emergence:  Did bats emerge simultaneously, fly off in the same direction, loiter, circle, 
disperse, etc.  If a radio-tagged bat was roosting in the tree, at what time did it emerge?   

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

______________________________________________________________________________ 
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For linear projects (e.g., pipelines and roadways), surveyors have the option to use either 
mist nets or acoustic detectors in any given 1-km segment of suitable habitat.  A survey site 
may also cover other associated linear project facilities (e.g., access roads) that are located 
within a pre-determined distance of each segment.  When possible, surveyors should seek 
out the best available survey sites located within the footprint of the project alignment, and 
directly adjacent to, or near, the alignment if no suitable sites are available within the 
footprint.  Because the best survey sites for capturing/detecting bats may fall outside of a 
project footprint, the surveyor and project proponent should coordinate with the appropriate 
USFWS FO to establish a project-specific maximum distance from the centerline or project 
boundary prior to initiating surveys.   
 
Tentative survey site locations along linear projects should be included in a proposed study 
plan to be reviewed and approved by the USFWS FO.  One site should be surveyed within 
each approximate 1-km segment that contains suitable forested habitat along the proposed 
workspace.  It is not appropriate to cumulatively add up each habitat block crossed until 
1km of habitat has been traversed.  Segments along a linear project that do not contain 
suitable habitat should be skipped until the next patch of suitable habitat is encountered 
(Figure 1).  Establishing exactly how many survey sites are needed for presence/absence 
surveys along a linear project often involves some give and take particularly in fragmented 
habitat areas (Figure 1, rows B and C).  The final number of survey sites could be greater 
than the minimum number of sites prescribed in the protocol in order to adequately cover 
the areas of suitable habitat to be impacted.  When available, habitat quality and quantity 
(e.g., size and location of suitable maternity roost trees) from on-the-ground habitat 
assessments can be used to fine tune and guide the placement of survey sites.  In some 
marginal habitat areas, the quality and quantity of the existing habitat may be low enough to 
justify skipping some survey segments (e.g., Figure 1, Site 11).  Likewise, some isolated 
woodlots, fencelines or individual trees may be considered too isolated and/or small to 
independently support bats and may be skipped if the USFWS FO concurs.  Habitat 
suitability in fragmented areas should be assessed on a site-specific basis and consider 
habitat configuration and connectivity to other suitable habitat patches. In general, we 
recommend surveying a few more sites for a project than the absolute minimum required. 
 
In instances where a mist netting survey has been proposed, but no suitable mist net sites 
can be found or accessed within a particular segment, biologists should contact the USFWS 
FO for further guidance or ideally agree in advance as to how such situations will be 
handled when encountered in the field (e.g., an acoustic survey may be substituted).  
Similarly, if an area of forest habitat that seemed suitable from aerial photography appears 
to be unsuitable or of particularly low quality upon field inspection, then you should 
coordinate with the USFWS FO to determine if an area may be exempted from surveys.  To 
avoid problems, any significant departures from previously agreed to survey plans should be 
justified and coordinated with the USFWS FO prior to leaving the field. 
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FIGURE 1.  Conceptual linear project (black double lines) through relatively contiguous (A.) 

and fragmented (B. and C.) forested habitats (green patches) delineated into approximate 1-
km survey sections.  Numbered red stars represent suitable survey sites (1-11) on or near the 
project boundaries.  Blue lines represent natural streams (A. and B.) and a ditch (C.).  
Yellow-green patches near Site 11 represent low-quality habitat. 
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PREFACE 

 

The U.S. Fish and Wildlife Service's (Service) Florida Ecological Services Field Offices (FO’s) 
in Jacksonville, Panama City and Vero Beach received and reviewed monitoring reports for more 
than five years as prescribed by our Bald Eagle Monitoring Guidelines (pre-2002 draft, 2002, 
2005) (Monitoring Guidelines) for applicants proposing construction activities occurring within 
1500 feet of an active bald eagle nest during the nesting season.  The cumulative result of those 
monitoring reports was that the Service did not observe from the data any indicators of 
disturbance, abnormal or atypical behavior, or nest abandonment that would have caused the 
applicant and/or the Service to halt construction activities during the nesting season.  
Consequently, the Service and the Florida Fish and Wildlife Conservation Commission (FWC) 
jointly concluded that monitoring of construction and nesting activities occurring from 750 feet 
to 1500 feet (secondary zone) was no longer warranted for projects involving construction within 
those distances from an active nest during nesting season.   
 
The Service’s Florida FO’s revised the 2005 Monitoring Guidelines again in September 2006 to 
incorporate modifications that would be applicable to the draft National Bald Eagle Management 
Guidelines that would be implemented under the Bald and Golden Eagle Protection Act (Eagle 
Act) once delisting of the bald eagle was finalized.  These National Management Guidelines 
addressed construction and a variety of other human activities that can potentially interfere with 
bald eagles, affecting their ability to forage, nest, roost, breed, or raise young. 
 
The Service published a notice of availability in the Federal Register (72 Fed.Reg. 31332) on 
June 5, 2007, finalizing the National Management Guidelines (dated May 2007), followed by the 
announcement on June 28, 2007 to remove the bald eagle from the Federal List of Endangered 
and Threatened species effective August 8, 2007.  As such, it is necessary to make additional 
revisions to the September 2006 Monitoring Guidelines to assure consistency with these recent 
policy and regulatory changes.   
 
These revised 2007 Monitoring Guidelines accordingly are now applicable for human activities 
that have potential to cause disturbance within 660 feet of an active nest. Additional criteria for 
disturbance are defined by the codified definition of “disturb” under the Eagle Act at 50 CFR 
22.3.  Monitoring generally is not recommended for projects when activities occur beyond 660 
feet of an active nest, as those data are no longer required. However, additional criteria for 



monitoring may be indicated in previously issued Biological Opinions that reference these 
Monitoring Guidelines, or in such cases where public safety issues exist related to airport 
operations and activities, electrical facilities and communication tower facilities where 
monitoring is required in order to determine the most appropriate action to avoid a safety hazard 
to both the public and the bald eagles.  A number of Federal and State laws and/or regulations 
prohibit, cumulatively, such acts as harassing, harming, disturbing, molesting, pursuing, etc. bald 
eagles, or destroying their nests.  The purpose of these Monitoring Guidelines is to provide a 
scientific standard for documenting and evaluating bald eagle response to human activities.   
Such activities may lead to an alteration of otherwise normal nesting behavior and ultimately to 
nest abandonment and/or death of eggs or eaglets.  These Monitoring Guidelines are advisory in 
nature.   
 
The FWC maintains a database of all known bald eagle territories in Florida 
(http://wld.fwc.state.fl.us/eagle/eaglenests/), which should be consulted to determine the specific 
nest number and nesting history.  It should be noted that: 1) the nest locations (latitude/longitude 
coordinates) in this database are approximate and should not be relied upon to establish accurate 
distances from proposed construction activities, 2) some territories have alternate nests that may 
not be reported in the database, and 3) many bald eagle territories are unknown and/or may 
support new active nests that have been established in recent years.  Any bald eagle nest 
discrepancies or new nest locations should be reported to the FWC bald eagle database 
coordinator at 352-955-2230. 
 
The development of this document is a collaborative effort by Federal, State and private 
biologists who have extensive experience in the research and management of bald eagles in the 
Southeastern United States.  J. Steve Godley1 prepared the initial draft and all attachments, while 
Tom H. Logan2, 3 served as editor and coordinator of technical and editorial reviews of 
subsequent drafts.  Candace Martino4 provided invaluable coordination to facilitate necessary 
input from each of the authors, and contributed technical and editorial comments for this latest 
edition.  Dan Sullivan2 provided editorial comments that were critical to the completion and 
technical quality of this document, as did Stephen A. Nesbitt2, John H. White2, Al Begazo4, and 
Tony Steffer5 for earlier editions of these Monitoring Guidelines. 
 

                                                      
1 Biological Research Associates, LLC 
2 Florida Fish and Wildlife Conservation Commission 
3 Breedlove, Dennis & Associates, Inc. 
4 U.S. Fish and Wildlife Service 
5 Raptor Management Consultants. Inc. 



BALD EAGLE MONITORING GUIDELINES 

 

A. Introduction 

The Service and FWC recommend biological monitoring of the nesting territory if new activities 
which include construction of buildings, roads, trails, canals, power lines, and other linear 
utilities; new or expanded operations of agriculture and aquaculture, alteration of shorelines or 
wetlands, installation of docks or moorings, marinas, water impoundment, and mining and 
associated activities is proposed to occur within 660 feet of the nest tree during the nesting 
season (October 1 - May 15, Service 1987).  The Service also recommends that monitoring be 
conducted where an eagle’s nest is located on or adjacent to, in close proximity of, electrical 
transmission towers, communication towers,  airport runways, or other locations where they may 
create hazards to themselves or humans.  These circumstances may require more intense 
monitoring, which may include increased frequency and hours of monitoring.  These resulting 
data are deemed necessary for the Service to make appropriate decisions as to whether nest 
removal or relocation is warranted and subsequently permitable under new proposed regulations 
under 50 CRF 22.27 for Eagle Nest Take under the Eagle Act.  
 
These Monitoring Guidelines have been developed to provide agency personnel and others a 
scientific standard for gathering data that may be used to evaluate eagle responses to human and 
development activities, which may indicate an alteration of otherwise normal nesting behavior. 
The Monitoring Guidelines 1) describe normal nesting behavior of bald eagles, 2) identify 
specific behavioral responses of adult and young eagles that may warrant cessation of activities, 
3) propose the type and level of monitoring necessary to detect a change in normal behavior, and 
4) develop a procedure for reporting the observations to the USFWS/FWC, which may be used 
for halting or modifying the above described activities, if necessary.   
 
Buehler (2000) and references cited therein provide excellent summaries of the biology and 
nesting behavior of bald eagles.  Nesting behavior and response of individual eagle pairs to 
human activities may vary, but nesting chronology and otherwise normal behavior are relatively 
fixed and predictable.   The probability that a pair of bald eagles will abandon their nest increases 
with the intensity and proximity of human activities to their nest, and decreases with the time and 
energy the adult eagles have invested in the eggs or young and to what extent the adult birds may 
habituate to human activities. This is based upon the ecological parental investment theory (e.g., 
Trivers 1972, Wilson 1975, Dawkins 1977) and practical experience gained from observing bald 
eagle/human interactions over the past two decades in Florida (e.g., Wood 1992, Nesbitt et al. 
1993, Wood and Collopy 1995, Millsap et al. 2004). Accordingly, the need for appropriate 
monitoring and concern for disturbance is highest prior to egg laying, the closer and more intense 
development activities occur to the nest tree, and for nesting territories in more rural 
environments. 
 
All infrastructure development, exterior building construction, and other referenced activities 
within 660 feet of the nest tree should, as a general rule, be completed during the non-nesting 
season. Infrastructure construction includes all land and lot clearing; fill work; construction of 
roads, drainage, sewer and storm water facilities; and installation of water, electricity and other 



utilities. However, it often is not possible to complete these above-referenced activities and other 
human related actions during the non-nesting season. These guidelines are applicable to those 
circumstances where these activities must be conducted during nesting season from 330-660 feet 
of the nest tree.  Please Note:  The Service recommends that none of the above-referenced 
activities be conducted from 0-330 feet during nesting season, even when a buffer zone of 
less than 330 feet is established in accordance with the National Bald Eagle Management 
Guidelines; therefore, monitoring in these instances is not applicable. 
 
 
B. Monitoring Requirements 

The Monitor is defined as personnel formally educated in the biological sciences, well 
experienced in recognizing specific patterns and changes of eagle behavior and capable of 
recording those observations in a scientific manner, and is contracted by the landowner, 
company or entity (Responsible Party) responsible for having the activity monitored.  
Continuity of monitoring, data collection and reporting is best maintained if one person conducts 
all monitoring for a specific project site. Close coordination is essential if more than one monitor 
is required. Monitoring should be conducted from a location that provides a clear vantage point 
of the nest and the surroundings (including the referenced activities), yet far enough from the 
nest (e.g., > 660 feet where possible) to ensure monitoring does not cause disturbance to the 
eagles. Monitoring from closer locations could cause disturbance and should be avoided. 
Conducting the monitoring from inside a parked vehicle or from a portable blind can further 
minimize observer disturbance. Monitoring should be conducted using both binoculars and a 
high-powered spotting scope during periods when referenced activity is occurring during the 
nesting season (generally October 1 – May 15) and within 660 feet of the nest tree, or as 
specified otherwise, by Service or FWC technical assistance. 
 
The purpose of monitoring is to detect any abnormal behavior of the adult eagles or their chicks 
that may be elicited in response to human activities occurring within 660 feet of the nest tree and 
that potentially could result in disturbance as defined under 50 CFR 22, abandonment of the nest 
(and/or territory), or death of the eggs or eaglets. In cases where the Responsible Party is 
relying upon conditions/recommendations specified in a Biological Opinion or agency 
document, procedures should be established between the Monitor and the Responsible 
Party for suspension of work and immediate notification to the Service and FWC upon 
observation of such abnormal behavior of nesting eagles (see Section D for details). Once an 
applicant agrees to monitor in accordance with these Monitoring Guidelines, they are held to all 
requirements of these Monitoring Guidelines.  
 
Monitoring should begin no later than October 1 and continue through fledging, if activity is 
anticipated or planned to occur within 660 feet of the nest tree during the nesting season. 
Fledging is considered to have occurred at that age when young of the year have achieved the 
ability to sustain flight (see Section C.7 for details). 
 

• Initial Monitoring to Confirm Occupancy of the Nesting Territory: Bald eagles are 
considered to have returned to the territory when one or both members of the pair 
appears, flies, perches, roosts, exhibits courtship, carries nest material, begins repair of 
the existing nest and/or begins construction of a new nest on the territory.  The regulated 



protection zone is considered to be the area within a 660-foot radius of the nest tree; 
although, some pairs may construct a new, alternate nest at farther distances.  All eagle 
nests are protected unless declared ”abandoned” in accordance with provisions of the 
National Bald Eagle Management Guidelines (May 2007).  All alternate nests should be 
monitored until such time as the eagles have been observed incubating in one of the nests 
on the territory.  Monitoring can then cease for the alternate nests in which nesting does 
not occur.  However, if the nest in which nesting begins is lost prior to February 1, 
monitoring of all alternate nests should be re-initiated to determine if re-nesting occurs on 
the territory.   

 
Initial monitoring of eagles to determine territory occupancy shall be conducted a 
minimum of one day per week and consist of in sequence: 1) nest tree observations for a 
minimum of two hours starting ½ hour before sunrise, followed by 2) nest tree inspection 
for indirect evidence of eagle use if no adults are observed.  Never approach a nest tree if 
adult eagles are observed on the territory on that day.  The following shall constitute 
positive indirect evidence that bald eagles have returned to the nesting territory: 1) fresh 
moss or green tree branches placed or interwoven into the nest top, or 2) fresh droppings 
("whitewash") on vegetation or the ground beneath the nest tree.  Such droppings 
typically are deposited below the nest cup or favored perch branches.  Do not confuse 
white, dried pine resin with eagle droppings: droppings rub off upon touch, whereas resin 
does not.  Direct or indirect evidence of territory occupancy by adult eagles triggers the 
requirement for more intensive monitoring (see Monitoring During Early Phases of the 
Nesting Cycle, below).  The results of both direct bald eagle observations and nest tree 
inspections must be recorded each week on the Bald Eagle Monitoring Data Sheet 
(Figure 1).  A Confirmation of Nest Territory Occupancy Report describing the basis for 
the determination shall be submitted to the Service and the FWC (see Section D for 
reporting details) within one week of finding positive evidence of bald eagle nest territory 
occupancy.  This report also shall include a specific schedule of dates planned for 
monitoring during the next month.  Each subsequent monthly report submitted to the 
Service and FWC shall contain a schedule of monitoring dates for the upcoming month, 
with the understanding that any scheduling changes shall be reported to the agencies by 
email as soon as possible.  

 
• Monitoring During Early Phases of the Nesting Cycle: The normal cycle of bald eagle 

nesting behavior is described below.  Once a territory is determined to be occupied, it 
should be considered active, and nesting eagles should, at that time, be monitored a 
minimum of three days each week and four hours each day (beginning at 1/2 hour before 
sunrise) from onset of nesting behavior through the fourth week post-hatching and care of 
eaglets. Monitoring is not required on days when no infrastructure development, 
exterior building construction, or other human activities referenced in the National 
Management Guidelines occurs within 660 feet of the nest tree.  Monitoring should be 
scheduled to occur on the days that are representative of all major phases of these 
activities at times when they will occur. 

 
• Monitoring During Last Phase of the Nesting Cycle: Monitoring frequency for 

activities may be reduced to one day each week (four hours beginning 1/2 hour before 
sunrise) beginning five weeks post-hatching and continue until fledging occurs or May 



15, whichever occurs first.  However, this once a week monitoring event should occur on 
days that are representative of all major phases of these activities at times when they will 
occur.   

 
• Special Circumstances: Additional monitoring may be appropriate should special 

circumstances arise as described in Section C.6.  The monitoring and construction plans 
for any nesting territory may be re-evaluated for modifications during any year. Weekly 
nest territory monitoring may cease after February 1 of that nesting season if: 1) no adult 
bald eagles are observed on the territory or 2) if an eagle was observed on the territory, 
but nesting was not attempted, or a nest attempt was documented to have failed and re-
nesting was not attempted.  Additionally, monitoring may cease if great horned owls 
(Bubo virginianus) are documented to have occupied the nest and there are no alternate 
nest sites available to the eagles within 660 feet of the project, and no evidence of eagles 
constructing a new nest within 660 feet of the project.  Evidence must be clear from 
information recorded in the Bald Eagle Monitoring Data Sheets and/or provision of 
additional data, that circumstances exist that would warrant any modification of planned 
monitoring (i.e. increase, decrease or termination of monitoring). 

 
• General Comments: Residential and commercial development is the most common form 

of human activity that requires monitoring.  Single-family homes typically may require a 
minimum of 5 months for completion of construction, and all major stages of 
construction (described below), except truss placement, occur over multiple days. 
Monitoring should be timed to include truss placement.  In all cases, the Monitor should 
use a site plan of the project to prepare weekly maps on which to document the specific 
construction activities that are occurring within 660 feet of the nest tree. Recorded 
construction activities should include, but not be limited to, the stage of construction of 
each home (i.e., fill placement, slab pouring, sidewall construction, truss placement, 
roofing, external finish work, internal finish work and landscaping).  All observations of 
construction and eagle behavior must be recorded using the attached data sheet (Figure 
1).  

 
The following nest cycle activities must be documented and monitored for comparison with 
normal nesting behavior (see Section C for details) and for detecting and evaluating behavior that 
may be indicative of disturbance and/or pending risk: 
 

1. Temporal patterns of nest attendance by the adults. 
2. Observations of courtship, mating and nest building/maintenance. 
3. Incubation and brooding behavior. 
4. Feeding, growth and care of the eaglet(s). 
5. Flight patterns to and from the nest tree. 
6. Fledging of the eaglet(s). 

 
All behavioral data and construction activities should be recorded within 15 minute intervals to 
facilitate analysis as a basis for detecting and evaluating behavior which may indicate pending 
risk. Figure 2 summarizes the typical nesting chronology of bald eagles in Florida. Please note 
that egg laying typically occurs during mid-December in Florida, but may vary by year, pair and 
latitude, and can extend from October through April, with most late nesters likely representing 



second breeding attempts (Buehler 2000). Figure 3 provides a typical pattern of nest attendance 
and phenology of a pair of eagles in Sarasota County, Florida, monitored over a three-year 
period during one 4-hour observation period each week from October through May. 
 
Nesting behavior which may be interpreted as abnormal, a response to construction activities 
and/or indicative of pending risk may include, but not be limited to: 1) adults raising or standing 
up over the nest, 2) increased time spent away from the nest by the adults that is not associated 
with normal nesting phenology, 3) changes in flight patterns or perch tree use, 4) distress calls, 
5) flushing behavior from the nest tree or perch trees, 6) changes in the feeding schedule of the 
eaglet(s) and 7) premature fledging of the eaglet(s). Descriptions of specific behaviors that would 
warrant concern and may be indicative of pending risk are described below. Such behaviors 
occasionally result from factors other than human disturbance, such as death of an adult, sterility 
or immaturity (i.e., one member of the pair not in definitive plumage), entrance of a foreign adult 
eagle or great horned owls into the territory, inadequate food supply for the number of eaglets 
present, etc. Therefore, it is very important that observations of any abnormal behavior be 
reported immediately to assure proper interpretation and appropriate courses of action (see 
Section D for details). 
 
 
C. Normal Nesting Behavior and Indicators of Disturbance 

1. Adult Behavior at the Nest 
 
Eagles often assume an alert posture in response to an unusual event. This behavior also may be 
accompanied by distress calls and ultimately result in flushing behavior (Fraser et al. 1985, 
Buehler et al. 1991, McGerigal et al. 1991). Incubating adults may react to a distraction or an 
annoyance by rising from their incubation posture and standing over their eggs. They also may 
step off the eggs and stand on the side of the nest. They may or may not vocalize in conjunction 
with this behavior. Such standing behavior may be seen prior to flying and as an indication that 
the bird may flush from the nest in response to a distraction. The bird also may settle back down 
into incubation posture without flying, once the distraction has passed or the bird has decided the 
distraction is not a sufficient threat to warrant flushing from the nest. This behavior (whether the 
adult flushes or not) does indicate that the disturbance is great enough to interfere with normal 
behavior and is of concern. This posture could be confused with stretching or egg turning which 
are normal parts of incubation behavior. It will be the responsibility of the monitoring biologist 
to accurately judge whether a bird is exhibiting normal behavior or is reacting to a distraction or 
an annoyance that could be interpreted as “disturbance.” 
 

2. Patterns of Nest Attendance 
 
Figure 3 provides a representative example of normal baseline nest attendance by at least one 
adult eagle during the nesting season. Please note that attendance may be sporadic early in the 
nesting season, but increases dramatically immediately prior to egg-laying. At least one adult is 
present almost 100% of the time during the 35-day incubation period and the first 2-3 weeks 
post-hatching (Fraser 1981, Wallin 1982). Females average about 1/5 larger in size than males, 
and the sexes are distinguishable when the pair is together. The female does the majority of the 
incubation and early nestling attendance, although the male participates in both activities. One 



adult (usually female) broods constantly during inclement (i.e., cool or rainy) weather, and will 
shade the young to avoid heat stress until a chick(s) is approximately 4 weeks of age (Jenkins 
1989, Herrick 1924). Nest attendance declines sharply after 5-6 weeks, and the adults often roost 
and loaf away from the nest.  
 
Nest attendance would be considered abnormal if: 1) at least one adult is not present during two 
consecutive, 4-hour (minimum) monitoring days prior to egg laying or 2) both adults are absent 
for more than two consecutive 15-minute periods during incubation, early brooding or inclement 
weather prior to 4 weeks post-hatch. 
 

3. Flight Patterns Between Nest and Feeding Areas 
 
Florida eagles generally nest in proximity to water, and flight paths to and from the nest often are 
relatively direct to their feeding areas. Flight information should include recording the direction 
of each flight to and from the nest in the eight cardinal directions. Simple chi-square or other 
non-parametric statistics can be used to test if flight patterns are random, directed towards 
foraging areas or away from on-going human activity. 
 

4. Vocalizations on the Nesting Territory 
 
Verner and Lehman (1982) describe three distinctive calls of nesting birds that are typical 
responses to human approaches: 1) a “chatter call” described as consisting of 3-4 introductory 
notes separated by short gasps of silence (<1s) followed by a rapid sequence of descending notes, 
usually 6-9 notes in sequence (kwit kwit kwit kwit kee-kee-kee-kee-kee), 2) a “peal” consisting of 
a high-pitched, prolonged, gull-like cry, often repeated 3-5 times and 3) a “wails” call that is 
seldom given (Buehler 2000). Variants of these calls may also be given in response to an 
intruding adult eagle or other raptors, such as great horned owls, and the chatter call also is often 
given upon approach to the nest tree by a member of the pair, independent of human disturbance. 
Any distress call must be investigated to determine cause, and any construction or human 
activity that may be responsible for the distress call, must be halted or modified 
immediately. 
 

5. Flushing Behavior 
 
Adult eagles may flush from the nest tree, particularly if humans are on foot (Fraser et al. 1985, 
Buehler et al. 1991, Grubb and King 1991, McGarigal et al. 1991, Grubb et al. 1992). Risk 
increases with the duration and frequency of events. The sensitivity of eagles to human 
disturbance varies between individuals and across populations, as measured by experimental 
flushing studies (e.g., Stalmaster and Newman 1978, Knight and Knight 1984, Fraser et al. 1985, 
Buehler et al. 1991, McGarigal et al. 1991). Unfortunately, no similar studies have been 
conducted in Florida. The response of individual eagles may range from temporary agitation 
(alert posture) to flushing from the nest or perch tree, to permanent displacement. Humans in 
vehicles generally elicit a much lower response than those on foot.  Additionally, eagles that nest 
in proximity to existing human activities may habituate and be more tolerant to forms of human 
activity than they may have previously experienced. 
 



Flushing behavior is more typically in response to human approach to the nest on foot; therefore, 
it is imperative that the monitor attempt to stop all such approaches. Any construction or other 
human activities that appear to have caused flushing should be halted immediately. 
 

6. Feeding Schedule of the Eaglet(s) 
 
Although both sexes secure food and feed the young, the male provides most of the food in the 
first two weeks, while the female tends the young in the nest (Wallen 1982, Gerrard and 
Bortolotti 1988). The female often delivers as much prey as the male after 3-4 weeks. Adults 
typically bring the food to the nest and tear off small pieces to feed the young. Eaglets are able to 
tear off food and feed themselves at approximately 6 weeks of age, although the adults often 
dismember larger prey (Palmer et al. 1988). Adults typically deliver food 2-8 times per day 
(mean = 4), and the early morning period accounts for proportionately more food deliveries 
(Herrick 1924). Food delivery rates also typically decrease as eaglets mature and or eaglet 
numbers decline with normal attrition. Therefore, deliveries may not be observed during some 
monitoring periods for older broods. The nutritional requirements of eaglets have not been 
reported in the literature (Buehler 2000), but free ranging adult bald eagles in Washington at 5ºC 
were reported to consume about 77.3 g/kg per day (425.5 kJ/kg per day), slightly less than 10% 
of their body weight per day (Stalmaster and Gessaman 1984). Nestlings may use food that 
accumulates at the nest for more than one day, unless fresh food is provided (Herrick 1993). 
Both adults and chicks are capable of storing food in their crop, then digesting the food over 
time.  Additional monitoring may be appropriate should an abnormal reduction in feeding 
rates be observed; if accompanied by other behavioral indicators of stress (i.e., flushing 
and/or distress calls), the Monitor should suspend construction or other human activities 
and report these observations (see Section D). 
 
Mean brood size for successful nests in Florida bald eagles is 1.55 young per brood, with 3 
young not uncommon (Nesbitt et al. 2002). One egg is laid per day, although often not always on 
successive days. Hatching is asynchronous and differential growth between the sexes can lead to 
differential mass among siblings, facilitating competition and fratricide (Bortollotti 1986). 
Sibling competition and mortality is greatest early in the nestling period, when size differences 
are greatest. The largest chick typically gets the majority of food in clutches with more than one 
chick. Brood reduction from starvation of the youngest chick may occur in broods of any size, 
unless food is abundant (Gerrard and Bortollotti 1988). 
 
It is important to quantify, to the extent possible, the size and type of prey brought to the nest 
during all observation periods. These data may be useful for determining if the eaglet(s) is 
receiving adequate food and if human activity may be interfering with food delivery schedules. 
  

7. Fledging of the Eaglet(s) 
 
Eaglets typically fledge at approximately 11 weeks of age in Florida (Wood 1992), but nest 
departure can occur at 8-14 weeks (Buehler 2000). The eaglets usually begin to move about the 
nest and branches of the nest tree at least 2 weeks before fledging, flapping and developing 
muscle strength, flight coordination and landing ability in preparation for their first flight from 
the nest tree. These eaglets are referred to as “branchers.” Fledging typically is considered to 
have occurred when the eaglets have begun to make extended flights from the nest to adjacent 



trees, have begun to soar and/or are seen flying around the territory with the parents. It is not 
uncommon for up to half of initial nest departures to be unsuccessful, with the eaglet falling to 
and remaining on the ground for days or weeks before regaining flight ability; in most cases, the 
parents will continue to feed these young (Kussman 1977, Fraser 1981). Successful fledging, for 
purposes of these Guidelines, is defined as the time at which the eaglet(s) has near fully 
developed primaries and is capable of strong, coordinated, independent flight. 
 
Care must be taken to confirm that any premature fledging is, in fact, human related, since 
premature fledging is a common occurrence that may be independent of human activity. 
 
 
D. Reporting Requirements 

The purpose of monitoring bald eagles and eaglets at their nests under these Guidelines is to 
minimize the occurrence of disturbance leading to nest abandonment and/or death of eggs 
or eaglets, and avoid potential violations of the Eagle Act.  As such, monitoring is a serious 
obligation.  Falsification of monitoring reports can lead to criminal prosecution of both the 
Monitor and the Responsible Party that is contracted to conduct the monitoring.  The Monitor 
and their supervisor must sign and date each completed monitoring sheet (Figure 1) beneath the 
statement, which reads: "I have read and understand the Bald Eagle Monitoring Guidelines.  This 
report represents a true, accurate and representative description of the site conditions and eagle 
behavior at the time of monitoring". 
 
As long as the Monitor has not detected any, irregularities or abnormalities as described above, 
then Only a summary report of monitoring results (See Figure 4) should be mailed via hardcopy 
or email to the appropriate Service Field Office and FWC (Endangered Species Coordinator, 
Tallahassee) on a monthly basis when the Monitor has not detected any irregularities, or 
abnormalities as described above.  Individual Bald Eagle Monitoring Data Sheets should be 
retained on file by the Monitor for a minimum of 3 years for reference, should such need occur.  
A final report that summarizes monitoring results and the fate of any reproductive effort 
must be sent to the reviewing agencies within one month of the conclusion of monitoring.  
The Monitor has the obligation to immediately report any suspension of work activities and/or 
any documented abnormal behavior, as defined in Section C above, to the Responsible Party and 
the Service and FWC, and subsequently send the individual Bald Eagle Monitoring Data 
Sheets describing all relevant activities to all parties. The Service and FWC will coordinate a 
review within a week of the reported behavior and circumstances associated with any suspension 
of work activities.  A verbal determination followed by a written recommendation will be issued 
in a timely manner as to whether construction should resume or be modified, or if monitoring 
frequency should be increased. 
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Bald Eagle Monitoring Data Report 
Nest #:     Start Time:   Name of Monitor: __________________________ 

Date:        End Time:    Name of Supervisor: _______________________ 

Tree Status1:      Tree type2:  # Adult Present:   # Young Present:  
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments:   
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
  

Sworn Affidavit: I have read and understand the USFWS Bald Eagle Monitoring Guidelines.  This 
report represents a true, accurate, and representative description of the site conditions and eagle 
behavior at the time of monitoring. 
 
       
Signature of Monitor   Signature of Supervisor   Date 
 



Page 2 
 

Nest #:   Monitoring Date:    Monitor’s signature: __________________________  

       Supervisor’s signature: _______________________ 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments:   
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
  

Sworn Affidavit: I have read and understand the USFWS Bald Eagle Monitoring Guidelines.  This 
report represents a true, accurate, and representative description of the site conditions and eagle 
behavior at the time of monitoring. 
 
       
Signature of Monitor   Signature of Supervisor   Date 
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Nest #:  Monitoring Date:    Monitor’s signature: __________________________ 

       Supervisor’s signature: _______________________  

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments:   
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
  

Sworn Affidavit: I have read and understand the USFWS Bald Eagle Monitoring Guidelines.  This 
report represents a true, accurate, and representative description of the site conditions and eagle 
behavior at the time of monitoring. 
 
       
Signature of Monitor   Signature of Supervisor   Date 



 
 
Nest #:    Monitoring Date:        Page 4 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments:   
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
 

Behavioral activity observed (list all that apply): 

Weather conditions T: W: C: P: 
Description of ongoing construction events:  

Time 

Notes/Comments: 
  

Sworn Affidavit: I have read and understand the USFWS Bald Eagle Monitoring Guidelines.  This 
report represents a true, accurate, and representative description of the site conditions and eagle 
behavior at the time of monitoring. 
 
       
Signature of Monitor   Signature of Supervisor   Date 



 
Instruction for completing the Bald Eagle Monitoring Data Report 
 

1. Insert the nest identification number, date for which the monitoring is occurring, Start time is the time at 
which monitoring is initiated, and end time is when the daily monitoring is completed.  The monitor and 
the monitor’s supervisor should print their name on the first page, a sign all other pages. 

2. Tree Status is either L = live, D = dead, or A = artificial structure. 
3. Tree type is either P = native pine, H = native hardwood, E = exotic. 
4. All data reports should have an attached map of the nest territory that includes the location of the project.  Major 

territory flights, including the time of the flight, should be drawn on this map. 
5. Record all behavior events observed during the monitoring period.  The following abbreviations should be used.  

CT = courtship; MAT = breeding/mating; NR = nest repair; INC = incubating; BRO = brooding; AF = adult 
feeding; YF = young being fed; TD = territory defense; STD/DV going from incubation to standing associated 
with distress calls; FL/DV = flushing with distress calls; DC = distress calls not associated with standing or 
flushing; PF = premature fledging.  A monitoring event that observed nest repair, courtship and adult feeding may 
be recorded as NR-CT-AF.  Any other behavior can be listed or described.  Any abnormal behavior should be 
noted and described in the notes section if more space is required.  

6. Enter the current weather conditions for each observation period in the appropriate place.  On the data report, T = 
Temperature (ΕF); W = Wind speed & direction; C = Cloud Cover (%); P = Precipitation. 

7. Record all ongoing construction/project activities that occur during the monitoring period.  The following 
abbreviations should be used for common activities (unlisted activities should be described):  

• FP = fill placement,  
• SP = slab pouring,  
• SC = sidewall construction,  
• TP = truss placement,  
• R = roofing,  
• EW = external finish work,  
• IW = internal finish work;  
• IFR = infrastructure work;  
• HE = heavy equipment work;  
• CRN = work involving a crane.   
Provide details on infrastructure and heavy equipment work.  

8. Any information that needs further explanation or any unusual event should be record in the 
Notes/Comments section.  If more space is required, a supplemental sheet can be attached to this 
monitoring report.  This supplemental sheet should clearly indicate the nest involved, the date of the 
monitoring, the monitoring time period to which the comment belongs (especially if needed for more 
than one monitoring time period), and should be signed by the monitor and supervisor.   

9. In the appropriate place at the top of page 1, record the number of adults present at the nest during the 
entire monitoring period. 

10. In the appropriate place at the top of page 1, record the number of young present at the nest during the 
entire monitoring period. 

 
 



Nesting Chronology of Bald Eagles in Florida (typical)
Figure 2
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Figure 3:   NEST ATTENDANCE BY AT LEAST ONE ADULT EAGLE DURING 15-MINUTE 
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Figure 4 
 
Please send monitoring reports by facsimile or e-mail to the appropriate USFWS Field Office 
and FWC (Endangered Species Coordinator, Tallahassee) on a monthly basis to: 
 

U. S. Fish and Wildlife Service North Florida 
Candace Martino 
Tel: (904) 731-3142
Fax: (904) 731-3045 
E-mail: candace_martino@fws.gov 
 
U. S. Fish and Wildlife Service South Florida 
Alfredo Begazo 
Tel: (772) 562-3909 ext. 234 
Fax: (772) 562-4288 
E-mail: aflredo_begazo@fws.gov 
 
U. S. Fish and Wildlife Service Florida Panhandle 
Richard Zane 
Tel: (850) 769-0552 ext. 241 
Fax: (850) 763-2177 
E-mail: richard_zane@fws.gov 
 
Florida Fish and Wildlife Conservation Commission
Eagle Plan Coordinator
Tel: (352) 260-8699

           Fax: (352) 732-1391 
           E-mail: eagle_plan@myfwc.com 
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PREFACE 

The California Energy Commission Public Interest Energy Research (PIER) Program supports 

public interest energy research and development that will help improve the quality of life in 

California by bringing environmentally safe, affordable, and reliable energy services and 

products to the marketplace. 

The PIER Program conducts public interest research, development, and demonstration (RD&D) 

projects to benefit California. 

The PIER Program strives to conduct the most promising public interest energy research by 
partnering with RD&D entities, including individuals, businesses, utilities, and public or 

private research institutions. 

PIER funding efforts are focused on the following RD&D program areas: 

 Buildings End-Use Energy Efficiency 

 Energy Innovations Small Grants 

 Energy-Related Environmental Research 

 Energy Systems Integration 

 Environmentally Preferred Advanced Generation 

 Industrial/Agricultural/Water End-Use Energy Efficiency 

 Renewable Energy Technologies 

 Transportation 

 

Improving Methods for Estimating Fatality of Birds and Bats at Wind Energy Facilities is the final 

report for the Energy Commission, Project Award Number PIR-08-028, conducted by California 

Wind Energy Association (CalWEA). The information from this project contributes to PIER’s 
Energy-Related Environmental Research Program. 

 

For more information about the PIER Program, please visit the Energy Commission’s website at 

www.energy.ca.gov/research/ or contact the Energy Commission at 916-654-4878. 

  

http://www.energy.ca.gov/research/
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ABSTRACT 
The California Wind Energy Association (CalWEA) evaluated the procedures in the California 

Guidelines for Reducing Impacts to Birds and Bats from Wind Energy Development (the Guidelines) 

for estimating fatality of birds and bats associated with wind energy facilities. The research 
sought to improve the accuracy of methods for estimating the number of bird and bat fatalities 

by evaluating the effect of time dependency on the probability of scavenging and removal of 

bird and bat carcasses (carcass persistence) and detection by searchers (searcher proficiency).  

Researchers used data collected from the Altamont Pass Wind Resource Area from January 7 to 
April 30, 2011, to calculate traditional carcass persistence and searcher proficiency functions and 

to create new functions in which searcher proficiency and carcass persistence are modeled as a 

function of time and carcass age. This study is the first to document quantitatively that searcher 

proficiency and carcass persistence are time-based processes. The report offers lessons and 
implications for experimental designs and the field monitoring recommendations provided in 

the Guidelines.  

The study also investigated the fatality estimation equation provided in the Guidelines and 
three other prominent equations from the literature that are used to adjust fatality observations 

for searcher proficiency and carcass persistence. The report examines both the common and 

equation-specific assumptions inherent in these fatality estimators, evaluates them in light of 

data from the field experiment, and finds that each of the fatality estimation equations can 

result in positive or negative bias, depending on the length of search interval relative to carcass 
persistence time. A new equation incorporating carcass persistence from one search interval to 

the next is proposed. This project will help reduce conflict in the siting process and make sound 

wind project permitting decisions easier by improving the accuracy of fatality estimates and the 

ability to accurately compare them with those from other wind facilities. 

 

Keywords: Estimation methods, birds and bats, wind energy facilities, time dependence, 

searcher proficiency, carcass persistence, monitoring design, equations, statistical bias 

 

Please use the following citation for this report: 

Warren-Hicks, William, James Newman, Robert Wolpert, Brian Karas, Loan Tran. (California 

Wind Energy Association.) 2013. Improving Methods for Estimating Fatality of Birds 
and Bats at Wind Energy Facilities. California Energy Commission. Publication 

Number: CEC-500-2012-086. 
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EXECUTIVE SUMMARY 

Introduction 
Wind energy holds great promise as a clean, renewable energy resource, provided that siting 
and development can reasonably avoid or reduce impacts on already stressed wildlife 

resources. In 2007, the California Energy Commission and California Department of Fish and 
Game released California Guidelines for Reducing Impacts to Birds and Bats from Wind Energy 

Development (the Guidelines) to provide recommended procedures for assessing and 

minimizing impacts from wind energy development on birds and bats. The Guidelines provide 
an equation, attributed to Dr. Kenneth Pollock of North Carolina State University, that estimates 

the true number of fatalities at the wind facility from the number of bird or bat carcasses 

visually observed during a monitoring survey. The equation corrects for the inability of a 

searcher to locate all carcasses on the survey plot at the time of observation (searcher 
proficiency), and for the probability of removal by scavengers (such as crows and coyotes) or 

other processes before the time of observation (carcass persistence). 

The California Wind Energy Association (CalWEA) rigorously evaluated the methods and 
procedures proposed by the Energy Commission for estimating the true number of fatalities of 

birds and bats (including the equation in the Guidelines) associated with collisions with wind 

turbines in California.  

Purpose 
This project sought to improve the accuracy of methods for estimating the number of bird and 
bat fatalities at wind energy facilities.  

This report describes the sites selected for study, the experimental design for evaluating and 

testing approaches for estimating the true bird and bat fatalities at a wind facility from 

observational evidence of collision mortality, and the data collection procedures. This report 

also looks at the fatality estimation equation provided in the Guidelines and at three other 
prominent equations from the literature that are used to adjust mortality observations (hereafter 

referred to by their respective authors: Erickson & Johnson, Shoenfeld, and Huso). It examines 

the assumptions common to all four estimation equations as well as those assumptions specific 

to each. It then evaluates the validity of the assumptions with data from the field experiment, 

given various field conditions, and fatality observation parameters. Based on the field study 
findings and a thorough analysis of assumptions underlying the published equations, this 

report offers lessons and implications for experimental designs and the field monitoring 

recommendations provided in the Guidelines. 

Objectives and Findings 
The project was designed to meet the following objectives: 

 Refine and test experimental designs, under representative actual field conditions, that 

accurately generate site-specific data for estimating survey error rates. 
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 Rigorously evaluate the ability of various equations to accurately estimate fatalities of 

birds and bats at a variety of wind energy facilities within California. 

 

The Field Study: Design and Findings 
CalWEA rigorously designed and implemented a field survey to collect site-specific data under 

a variety of environmental conditions. Researchers obtained bird and bat carcasses from various 
labs and agencies and placed them at selected locations within the Altamont Pass Wind 

Resource Area near Livermore, California. Over periods of up to 60 days, independent and 

experienced biologists without prior knowledge of carcass placements searched strings of 

turbines weekly and recorded the location of marked bird and bat carcasses that project field 

managers had placed in the study area, as well as carcasses not associated with the study. 
Project field managers recorded the movement and removal of trial bird and bat carcasses 

roughly every three days during the study when trial birds and bats were on the ground, so 

that the true number and location of the trial carcasses were known. Consistent with current 

practice, it was assumed that carcass persistence and detection rates for marked carcasses 

placed at the site are representative of rates for bird and bat fatalities otherwise occurring at the 
wind energy facility. 

Researchers used data generated by the field study to calculate traditional carcass persistence 

and searcher proficiency functions and to create new functions in which both carcass 

persistence and proficiency are modeled as a function of time and carcass age. Of the 104 small 
bird carcasses placed in the field, 32 unique carcasses (31 percent) were found over the course of 

223 search opportunities (number of placed carcasses times the number of searches in which a 

trial carcass was present). However, field biologists detected carcasses in only 17 percent of all 

small bird search opportunities. Of the 78 bat carcasses placed, 15 unique bat carcasses (19 

percent) were found over the course of 248 search opportunities, but only 8.1 percent of search 
opportunities yielded detections. All six of the large birds were detected, with 68 percent of 31 

search opportunities yielding detections.  

Researchers examined the rate of carcass removal by scavengers in strings (a group or row of 

adjacent wind turbines), blocks of strings with similar ecological conditions, and the entire 

study area. They also examined relationships between carcass persistence and key variables. 
The carcass removal rate followed a Weibull distribution, with the highest removal rates early 

in the trial. Scavengers removed most small birds and bat carcasses within six weeks of 

placement. The data also show that it was common for a carcass to persist into subsequent 

search intervals beyond the interval during which it was deposited (called “bleed-through”). 

The study found both searcher proficiency and carcass persistence to depend on time. Other key 

findings with implications for selection of fatality-estimating equations and equation input 

variables include: 
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 Carcass persistence fits better with a Weibull distribution, where the attractiveness of a 

carcass to scavengers declines as it ages, than with an exponential distribution where 

fresh and old carcasses are equally likely to be attractive to scavengers.  

 Vegetation height affects searcher proficiency. Therefore, when creating a survey design, 

researchers may want to consider random selection of turbines within blocks. The study 

found that topographical (for example, slope) and meteorological variables (for example, 

precipitation) were not correlated with mortality at the study site. They may be 

important predictors at other sites, however. 

 Searcher proficiency was considerably lower for bats than for small birds during the 

study, pointing to the need for extensive long-term searcher proficiency trials for bats to 

ascertain if this holds true at other sites. 

 Small bird carcasses are removed by scavengers more quickly than bat carcasses. This 
finding supports the need for long-term carcass persistence trials for both small birds 

and bats. 

 
Evaluation of the Fatality Estimation Equations 
As proposed, the second part of this project was to use the field study data to test how 

accurately the Pollock equation recommended in the Guidelines and the three other prominent 
equations estimate the true number of fatalities from observed fatalities. Because the equations 

assume that fatalities occur at random times, while this study involved placing all carcasses at 

the beginning of each experimental time block, a direct “test” of the equations using the study 

data was not appropriate. Instead, the authors analyzed the estimating equations (“estimators”) 

mathematically and tested the validity of their common and individual assumptions against the 
findings from the field study. 

Key findings from this analysis were that: 

 All of the four traditional fatality estimation equations examined assume constant 

searcher proficiency, rather than the observed condition that searcher proficiency is a 
function of time, as carcasses age. The inconsistent ability to detect a bird or bat over 

time can greatly affect the expected accuracy of resulting mortality estimates. 

 Three of the equations examined (Erickson & Johnson, Shoenfeld, and Huso) assume an 

exponential distribution), whereas a Weibull statistical distribution fits the data best. 

 Current estimators either assume that “bleed-through”– whether carcasses not removed 
during one search interval are considered “discoverable” during later searches – occurs 

all of the time or none of the time. Incorrect bleed-through assumptions can distort 

estimates.  

 In the general case, and for exponential removal, the equations will generate mortality of 

the following order from lowest to highest: Erickson & Johnson < Shoenfeld < Pollock≤ 
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Huso. When choosing a single equation, investigators should keep the expected rank 

order in mind. 

 The degree of systematic error or “bias” among the equations is a function of many 
issues, but in all cases, it is a function of the inherent assumptions underlying the 
equation characteristics. Even when biased, if search intervals are long relative to mean 

persistence times, all four estimators give about the same answers. But if search intervals 
are short relative to mean persistence times, large differences among the equations are 

possible. In fact, with the condition of short interval relative to mean carcass persistence, 
the results of the equations could differ by a factor of 3 or 4.  

 Even correcting for the biases, the relationship of the results of the estimators to true 

mortality is unknown. However, if the assumptions in the equations are wrong (that is, 

where exponential distributions and constant searcher proficiencies have been 
assumed), then the results of the equations could differ significantly from actual 

mortality.  

 Short search intervals increase the chance of bias:  

(a)  Short intervals do not allow the system to reach equilibrium, which is 

inconsistent with the Erickson & Johnson equation.  Erickson & Johnson assume 
the number of carcasses remains relatively constant over the long-term. 

(b) The Huso and Pollock equations assume zero percent bleed-through; therefore, 

bias will occur if true bleed-through is greater than zero. 

(c) Shoenfeld assumes 100 percent bleed-through; therefore, bias will occur if true 

bleed-through is less than 100 percent. 
 

 The new partially periodic equation proposed in this report allows for the estimation of 

a site-specific bleed-through rate.  Paired with new field sampling procedures to 

generate time-dependent carcass persistence and searcher proficiency probabilities, this 
new equation will produce unbiased results using either short or long search intervals. 

 

Conclusions and Recommendations 
CalWEA’s study provides new insights that could enhance the existing methods and 

procedures found in the Guidelines and other pre- and post-construction fatality monitoring 

guidelines used in the United States and internationally. Four major implications of this work 

and the corresponding recommendations are outlined here.  

(1) Traditional fatality estimators do not account for time-dependence of carcass persistence 

and searcher proficiency, or for “bleed-through.”  

Recommendation: Use the proposed new Partial Periodic Estimator and integrated 

detection probability trial method (proposed in Appendices A and B, respectively). 

(2) Traditional estimators can have high degrees of bias depending on the search interval, 

mean carcass persistence, and bleed-through rate of the field data collected.  
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Recommendation: Do not use traditional estimators in conditions that produce levels of 

bias that are unacceptable for the intended purpose. Caution is particularly warranted 

where short search intervals have been used. 

(3) Use of traditional estimators has resulted in an unknown degree of bias in the literature.  

Recommendation: Carefully consider the value of metrics like “industry average” before 

applying them in policy or project-specific decisions. 

(4) Previously generated fatality estimates used for project evaluation or broader purposes 

could be recalculated using the proposed new Partial Periodic Estimator, provided the 

key input variables (search interval, mean carcass persistence, and so forth) can be 

collected from the original studies and reasonable assumptions made about searcher 

proficiency probability distributions and bleed-through values.  

Recommendation: Going forward, use a standardized approach to generate unbiased, 

project-specific results that may be compared with each other, and to generate 

meaningful and unbiased industry averages and totals. 

This project will help reduce conflict in the siting process and make sound wind project 

permitting decisions easier by:  

 Providing guidance on methods for generating observer bias and carcass removal rates and 
reducing ambiguity in recommended avian study methods. 

 Exploring time-dependent relationships, including observer bias and carcass removal. 

 Providing guidance leading to improved field procedures for mortality monitoring and 

improving efficiency and efficacy of surveys. 

 Enabling better forecasting of anticipated mortality at wind facilities based on site 

characteristics. 
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CHAPTER 1: Research Plan 
Statement of Need 
California pioneered large-scale wind energy development beginning in the 1970s. As a clean, 

renewable energy resource, wind energy holds great promise provided that it can be sited and 

developed in such a way as to reasonably avoid and (if necessary) mitigate impacts on already 

stressed wildlife resources. To this end, wind energy and wildlife stakeholders have 

collaborated to survey avian/bat activity and study the impacts of wind project operations, and 
policymakers have incorporated research protocols into the permitting process. 

In 2007, the California Energy Commission (Energy Commission) and California Department of 
Fish and Game released California Guidelines for Reducing Impacts to Birds and Bats from Wind 
Energy Development (the Guidelines) to provide recommended protocols for assessing and 

minimizing impacts from wind energy development to birds and bats. The Guidelines 

recommend protocols for assessing, evaluating, and determining the effects of wind projects on 

birds and bats, and also recommend impact avoidance, minimization, and mitigation measures. 

In addition, the Guidelines provide an equation, suggested by Dr. Kenneth H. Pollock (personal 
communication, 2012), that can be used to adjust the number of bird or bat carcasses that are 

visually observed during an environmental monitoring survey of a wind facility, in an attempt 

to estimate the true fatalities at the wind facility. The equation, one of four analyzed in this 

report, adjusts for the inability of a searcher to locate all carcasses on the survey plot at the time 
of observation, and for the probability of removal by scavengers or other processes before the 

time of observation. 

The California Wind Energy Association (CalWEA) received funding from the Energy 
Commission to rigorously evaluate the equations and associated procedures and studies 

recommended in the Guidelines for estimating fatalities of birds and bats associated with 

collisions with wind turbines in California. Information gathered from this study will apply to 

wind development projects in California, and the fundamental principles evaluated and 

discovered in this project may apply to wind development in other parts of the United States 
and internationally. 

CalWEA’s study provides new insights leading to improvements in the methods and 

procedures for estimating fatalities at wind facilities. This report offers recommendations on 
methods, including computations and data requirements, for estimating the true bird and bat 

fatalities at wind facilities. This section of the report details the goals of CalWEA’s project and 

reviews statistical and ecological considerations in the project design. 

Study Goal and Objectives  
The overall goal of this project was to conduct research to improve the accuracy of methods for 

estimating the number of bird and bat fatalities at wind energy facilities. The project was 

designed to meet the following objectives: 
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1. Empirically test and calculate the influence of carcass removal and searcher 

proficiency under representative actual field conditions.  

 
2. Mathematically evaluate the inherent characteristics and assumptions of existing 

equations to accurately estimate fatalities of birds and bats at representative wind 

energy facilities within California. 

 

The study generated information to enable the evaluation of existing fatality estimation 
methods and the development of advanced models.  

To meet the first project objective, CalWEA implemented a rigorously designed field survey at a 

wind facility within the Altamont Pass Wind Resources Area (APWRA) near Livermore, 
California. Site-specific data were collected under a variety of environmental conditions. Simply 

stated, birds and bats were placed at selected locations within the site. The implicit assumption 

in this approach is that marked birds and bats are representative of birds and bats killed at the 

wind facility. Over periods of up to 60 days, “blind” independent and experienced biologists 
without prior knowledge of carcass placements searched turbine strings and recorded the 

location of both marked bird and bat carcasses that project field managers had placed in the 

study area as well as carcasses not associated with the study. 

Data generated during the experiment were collected and stored in a quality assured data set. 
The research team then analyzed the resulting data and evaluated the relationships among the 

number of found birds, bats, and environmental conditions over time. A description of the 

available statistical models evaluated in this study is found in the following discussion. The 

models and methods were evaluated for their inherent ability to accurately estimate the true 
number of bird and bat carcasses. 

Once the study team evaluated the data, tested existing models and created new models, the 

team developed general guidance for (1) generating site-specific data used to parameterize 
equations, (2) selecting existing or new equations based on site-specific conditions, and (3) 

interpreting the results generated by the statistical methods. 

This project provides insights into several other issues that are important to risk assessments of 
wind facilities. Specifically, this project generates information that can be used to: 

 Evaluate existing fatality estimation methods. 

 Test and evaluate the shape of carcass persistence curves (those not removed by 

scavenging, weather and other processes) under a variety of environmental conditions, 
as represented during the January – April grass height and weather conditions at the 

Altamont. 

 Evaluate the effect of time-dependency on the probability of bird and bat carcass 

persistence and on the probability of detection by searchers (searcher proficiency).  
 Develop recommendations for advanced models that link observational data with 

measurements of ecological conditions.  
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Success Measures 
This project succeeded by achieving the following goals. 

 Evaluation of the existing fatality equations provides practitioners information useful 

for choosing an estimating equation, and an understanding of the advantages and 

disadvantages of various equations with differing survey designs. 

 Data generated from the project are of such quality that guidance for implementing site-
specific studies leading to effective fatality adjustment procedures can be developed. 

 Peer-reviewed publications can be generated that enhance the existing state of the 

science. 

 Effective communication of the project findings was undertaken. 

 Observational data at the planned wind turbine strings were obtained in a cost-effective 
manner within the timeframe of the project. 

 

The following narrative discusses the statistical and ecological issues that influenced the design 

of the study, and presents the experimental design. 

Statistical Considerations in the Experimental Design 
Although standardized long-term monitoring procedures are available in the literature, there is 
currently no standard operating procedure for generating and evaluating data used to estimate 
fatalities at wind project sites. Statistical simulations of this issue have been conducted (e.g., 

Huso 2010). In practice within the industry, searcher bias and scavenger removal studies are 

generally implemented in conjunction with long-term monitoring studies. However, based on 

an informal review and the experience of the authors of this report, there is little consistency in 
survey design and analysis of the resulting data among agencies, industry, or their consultants.  

Searcher bias studies are typically implemented independently from studies of removal by 

scavenging and other processes, and the study timeframes generally differ. In some cases, 

searcher bias studies are conducted once under site-specific conditions, and are not repeated 
during the course of a year. Carcass persistence studies are generally implemented over a few 

days to several weeks; however, the study time period is not standardized within the industry. 

For both study types, fresh (or sometimes frozen) carcasses of various sizes are placed on an 

experimental plot at the beginning of the experiment. During searcher bias experiments, 
searchers search plots where trial carcasses have been placed and record the number of 

carcasses found. The searcher proficiency rate is then calculated and recorded. During 

scavenger removal studies, the known locations of the carcasses are observed frequently and 

removals are noted. Analysis of the resulting data generally provides a simple constant 
representing the probability that a bird or bat is removed by scavenging and other processes, 

although some time-series models resulting in the probability of scavenger removal as a 

function of time have been proposed (Smallwood 2007).  

There is little consistency across searcher bias and scavenger removal studies in terms of plot 

area, number of carcasses used, carcass species, number of searchers tested, size of carcasses 

used, habitat considerations, or study timeframes. The relationship between searcher 
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proficiency and carcass persistence is not evaluated. Finally, the monitoring techniques 
employed during the searcher studies (e.g., random searches, transect searches, search interval, 

etc.) are sometimes inconsistent with those employed during long-term site-specific monitoring 
studies at operating wind turbine facilities.  

A number of equations are found in the peer-reviewed literature for adjusting the observable 

fatality counts to estimate the true number of killed birds and bats. This report reviews selected 
equations found in the literature, compares the properties of each of the estimators, and 

provides recommendations for improving their accuracy. The equations were chosen based on a 

review of literature that indicated that these equations have been commonly used within the 

wind industry. The equations are heavily cited in past and current peer-reviewed literature. 

Ecological Considerations in the Experimental Design  
The following discussion reviews the importance of key ecological variables in the estimation of 
survey error. In addition, key procedural and other experimental design variables are 

described.  

Ecological Variation 
Ecological variation associated with specific wind energy development sites within the State of 

California was an important consideration in the design of the experiments. Variation in habitat 

condition was considered a key variable affecting the change in survey error among locations. 
Variation in vegetation type and density, scavenger species and associated activity levels, 

climate conditions, geographic conditions associated with turbine placement, and a host of 

other site-specific variables also could influence the overall survey error rate for a specific site. 

Size of the Carcasses 
Carcass size is a key variable that influences both searcher detection proficiency and carcass 
persistence. Generally, larger birds (e.g., golden eagles) are easier to see and are considered to 

have smaller survey error rates than smaller birds (or bats). The smaller birds (or bats) are more 

difficult to see over large distances, and may be more easily covered by vegetation. Also, 

smaller carcasses are more subject to removal by scavengers (see references found at 

http://www.altamontsrc.org/alt_rl.php). 

The study’s experiments were focused on smaller birds and bats based on the assumption that 

those carcasses are harder to find and therefore will have higher error rates. Carcasses 

representing similar size classes were used in the experiments.  

Scavenger Type and Density  
The activity level of scavengers at the test site(s) was an important consideration in the selection 
of the locations in which the experiments were conducted. Types of scavengers noted at the 
Altamont include birds (e.g., ravens, crows, golden eagles, turkey vultures), and mammals (e.g., 

foxes, coyotes, bobcats, raccoons, skunks, opossums, shrews, deer mice). Although scavenger 

activity was not monitored, the large number of scavenger species at the Altamont is expected 

to be representative of wind facilities across the United States. 

http://www.altamontsrc.org/alt_rl.php
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CHAPTER 2: Field Sampling Procedures and Results 
As discussed in detail below, field sampling involved marking bird and bat carcasses, placing 
them randomly at turbine strings at an operating wind farm, and collecting information on 

carcass persistence and searcher proficiency. Turbine strings were selected to represent varied 

environmental conditions, including vegetation type and height and slope. 

Description of Study Area 
The field study was conducted in NextEra Energy’s 

Contra Costa County portion of the Altamont Pass 
Wind Resource Area (APWRA), which is located in 

north-central California approximately 56 miles (908 

kilometers) east of San Francisco (Figure 1). Steady 

winds of 15–30 miles (25–45 kilometers) per hour 

blow across the APWRA during the mid‐afternoon 
and evening periods between April and September, 

when 70–80 percent of the wind turbine power is 

generated in the APWRA (Smallwood and 

Thelander 2004). 

The Altamont landscape consists of rolling hills 

ranging mostly between 150 and 300 feet (61-91 m) 

in elevation above sea level. Permits have been 

granted for a total of 5,400 wind turbines in the 
APWRA, rated at a capacity of approximately 580 megawatts (MW), distributed over 50,000 

acres (150 square kilometers) of rolling grassland hills and valleys. Turbines are arrayed along 

ridgelines and other geographic features. The actual number of turbines available at any one 

time for power generation is thought to range from 4,500 to 5,000. 

The APWRA supports a broad diversity of resident, migratory, and wintering bird species that 

regularly move through the wind turbine area (Orloff and Flannery 1996). Diurnal raptors 

(eagles and hawks), in particular, use the prevailing winds and updrafts for soaring and gliding 

during daily movement, foraging, and migration. Multiple studies of avian fatality at the 
APWRA show that golden eagles, red‐tailed hawks, American kestrels, burrowing owls, barn 

owls, and a diverse mix of small birds and non‐raptor species have been killed in turbine‐

related incidents (Howell and DiDonato 1991; Orloff and Flannery 1996; Howell 1997; 

Smallwood and Thelander 2004). All native species are protected by either federal and state 
wildlife legislation or both. 

From an experimental perspective, the geographical unit of interest at the Altamont is a turbine 

string (a line of turbines). More than 400 of these strings have been monitored on a regular 
basis. The monitored strings are located over the extent of the APWRA, and therefore cover a 

Figure 1: Location of Altamont Pass Wind 
Resource Area (APWRA) 

Source: NextEra Energy Resources 
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variety of vegetation types and topological conditions.1 Figure 2 shows the heterogeneity of the 

habitats around the field study wind turbines and strings.  

 
Figure 2: Searching in Tall Grass and Short Grass 

 

 

 

 

 

 

 
 

 

Overview of Field Sampling Procedures  
Figure 3 shows the turbine strings where the field study was conducted. A total of 13 strings 

(four to seven turbines per string) were searched from January to April 2011. Strings were 

selected primarily so that search plots would not be mutually visible to ensure that searchers 

did not know the location of trial carcasses. Strings were also selected to represent the range of 
topological conditions and vegetation types in the Altamont. Strings were grouped into four 

blocks in which carcasses were concurrently placed and then monitored for four to six weeks. 

Blocks also served as a surrogate for vegetation and meteorological conditions over time. All 

strings monitored during the study’s field trials as detailed below were located in the APWRA 
north of Vasco Road.  

Before conducting the field study, a pilot study was conducted. This pilot study phase was used 

to test the work flow to fit the project resources and schedule and to test the field methods.  The 

first block (Block 1) of the study area was used for the pilot study. Most of the same personnel 
were employed for block 1 as for other blocks. Block 1 was conducted at the same study site as 

the other blocks but with four strings instead of three. After the pilot study, the number of 

strings per block was set to three, and the number of placed trial carcasses was set to six bats 

and eight small birds per string. 

 

                                                 
1 The natural communities and land cover types identified in the Natural Community Conservation Plan 

(NCCP) for the APWRA include agricultural land, annual grassland, alkali grassland, seasonal wetlands, 

alkali wetlands, perennial wetlands and ponds, riparian woodland and streams, chaparral, oak 

woodland, and conifer forest. 

Photo Credit: EcoStat, Inc. 
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Figure 3: Field Study Wind Turbine Strings 

 

 

Source: NextEra Energy Resources 
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Project field managers marked and randomly placed birds and bats and oversaw the recording 

of the carcasses and reporting of the data collected. The project field managers visited the 

strings every two days in order to verify the presence or absence of individual birds and bats. 
All birds and bats were uniquely marked, and any displacement of a bird or bat from the 

original location was observed and the new location noted for future reference. At the location 

of each bird or bat, project field managers took measurements of vegetation height. Project field 

manager observations provided an independent measure of the “true” number of birds and 

bats available for detection. Generally, six bats and eight birds were placed along each string. 
Halfway through the study, one large-sized bird was placed at each string within the block 

along with the standard six bats and eight small birds.  

Once a week, a field technician searched an area around the study strings at a typical sampling 
walking pace, looking for any bird or bat carcasses.2 On a typical day, a field technician 

conducted two string searches, averaging two to three hours per string, covering three to six 

acres. The field technicians were ignorant of the presence or absence of birds and bats at any 

specific string location. The field technicians recorded the position of observed carcasses. Project 
field manager status checks were timed to include checks on days that field technicians 

searched study strings in order to establish the true presence of carcasses available for detection 

by the field technicians. (To minimize false negative detections while maintaining field 

technician “blindness,” a cryptic system of marking carcass positions for project field managers 

was used.) Table 1 lists the field equipment used by the 11 field staff employed in the study. 

Table 1: Equipment Used in the Field Study 

Study Field Equipment 

4WD Trucks Compasses 

Clipboards Cell phones 

Data forms Maps 

Pen/Pencil/Sharpies Hard hats 

Camera/Scale card/Memory cards Backpacks 

Global Positioning System receivers (4m accuracy) Yardsticks 

Range finders Markers (wooden stakes) 

 

 

The Data Dictionary in Appendix C lists all the variables recorded, including weather 

information collected from January 1, 2011 through May 1, 2011 from the weather station at the 

Livermore, California, airport, and topographical variables recorded at each sampling location. 

                                                 
2 Variable walking speed and direction across or along the ridge were not taken into account in this 

study, but would be interesting to consider in a future study. 

Source: EcoStat, Inc. 
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Specific Study Sampling Procedures 
Three procedures comprised the field study sampling methods: 

 The placement of carcasses at study strings by project field managers. 

 Blind carcass searches of study strings by field technicians.  
 Status checks of placed carcasses at study strings by project field managers. 

Carcass Placement 
The purpose of the carcass placement procedure is to generate known random positions of 

marked carcasses at study strings. 

Sources of Carcasses 
Carcasses were provided by the following. For a variety of reasons, not all carcasses received 

were used during the field study. 

 Bat carcasses: the Michigan Department of Community Health, Lansing, Michigan;  
Texas Christian University Department of Biology, Fort Worth, Texas; the Idaho State 

Department of Agriculture, Boise, Idaho.  
 Brown-headed cowbird (Molothrus ater) carcasses: TW Biological Services, Fillmore, 

California; U.S. Department of Agriculture Animal and Plant Health Inspection 

Service/Wildlife Service, National Wildlife Research Center, Bismarck, North Dakota; 
Griffith Wildlife Biology, Calumet, Michigan.  

 Large bird carcasses: Altamont Infrastructure Company, Livermore, California. 

 

Carcass Position 
The search area was defined by a 50 meter buffer created around turbines at study strings. A 
grid of 10-meter by 10-meter cells was projected over this search area. Topographical 

information was recorded for each cell (see Data Dictionary, Appendix C).  

Grid cells were randomly selected for carcass placement. After grid cell selection, a project field 
manager would go to the approximate position of the selected grid cell and toss the marked 

carcass. The precise location of the carcass was recorded, including distance and bearing to the 

nearest turbine including the Global Positioning System (GPS) coordinates. In addition, the 

vegetation height immediately around the carcass position was measured. To help the project 

field managers find these selected carcass positions on future visits, a marker (small wooden 
stake) was cryptically placed 10 meters away from the carcass in such a way that a line segment 

was created by the position of the nearest turbine, carcass, and the marker. 

Marked Carcasses 
In order to maximize the project field managers’ ability to identify individual trial carcasses, 

trial bird and bat carcasses were marked. Bird carcasses had a small amount of black tape 

attached to each leg marked with a unique obscured carcass identification number. In addition, 

the tips of the trial birds’ flight feathers were cut. The tips of the trial bat carcasses’ wings were 

taped and marked with a unique carcass identification number. 
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Table 2 shows the schedule for monitoring of the strings. The project field managers placed six 

bats and eight brown-headed cowbirds – referred to below as “small birds” – at each string, and 

placed one additional large bird at each string in Blocks 3 and 4. The goal was to run each block 
experiment for a six-week period, but logistical constraints sometimes shortened the time 

period, so that the actual durations ranged from 29 to 47 days. The first block experiment 

started on January 7, 2011, and the last block experiment ended on April 30, 2011.  

 
Table 2: Summary of Sampling Design 

B
lo

ck
 #

 

S
tr

in
g

 #
 

Turbine 

Address 

Range 

Small bird 

carcasses 

placed at 

start of 

trial 

Bat 

carcasses 

placed at 

start of 

trial1 

Incidentally 

found 

carcasses 

added to 

study2 

Trial dates 

(2011) 

Trial 

Length 

(days) 

1 280 2206-2209 8 6 2 Jan 7-Feb 12 36 

1 288 2038-2041 8 6 0 Jan 7-Feb 17 41 

1 293 2075-2081 8 6 1 Jan 14-Feb 21 38 

1 302 2166-2171 8 6 2 Jan 7-Feb 17 41 

Block 1 Subtotal 32 24 5 Jan 7-Feb 21 45 

2 298 2757-2761 8 6 1 Feb 18-Apr 4 45 

2 683.1 2347-2354 8 6 10 Feb 18-Apr 4 45 

2 5046 2542-2546 8 6 1 Feb 18-Mar 21 31 

Block 2 Subtotal 24 18 12 Feb 18-Apr 4 45 

3 286 2317-2322 9 6 2 Mar 11-Apr 22 42 

3 289 2099-2103 9 6 0 Mar 11-Apr 22 42 

3 507 2458-2463 9 6 0 Mar 11-Apr 27 47 

Block 3 Subtotal 273 18 2 Mar 11-Apr 27 47 

4 504 2418-2423 94 6 0 Apr 1-30 29 

4 505 2514-2518 95 6 0 Apr 1-30 29 

4 5047 2377-2381 94 6 2 Apr 1-30 29 

Block 4 Subtotal 27 18 2 Apr 1-30 29 

TOTAL, All Blocks 90 78 21 Jan 7-Apr 30 113 

1. Species included big brown bats, little brown bats, silver-haired bats, unidentified Pipistrellus, and 

unidentified Myotis bats. 

2. Mix of small and large birds (no bats), including some skeletal remains [note: evidence of skeletal  remains 

are not used in the calculations presented in this report]. 

3. One complete red-tailed hawk carcass placed at each string in Block 3. 

4. One complete common raven carcass placed at this string. 

5. One complete California gull placed at this string.  

Source: EcoStat, Inc. 



17 

 

Carcass Searches 
The purpose of the carcass search procedure was to generate detection events of placed 

carcasses over time. 

Field Technician Searches 
Each study string was searched six times (once a week) over as many as six weeks. Each string 
search was conducted by one field technician who searched the entire 50-meter buffered search 

area using parallel transects, with an inter-transect distance of 6 to 8 meters depending on 

vegetation height and terrain (Figures 4, 5, and 6). Strict survey blindness was maintained by 

having each field technician search every study string only once over each six-week period, 
instructing the field technicians to not communicate found carcasses with each other, and to 

keep the number and position of marked carcasses a secret. Field technicians used range 

finders, compasses, and hand-held GPS receivers to navigate the search plots.  

 

                Figure 4: Conducting a Search                           Figure 5: Searching in Short Grass 

      

 

 

 

 

 

 

 

 

 

  

Photo Credit: EcoStat, Inc. Photo Credit: EcoStat, Inc. 

Figure 6: Searching in Tall Grass 

 

Photo Credit: EcoStat, Inc. 
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In general, winter in the APWRA exhibits short vegetation starting to green due to rain. As 

temperature rises and precipitation continues, vegetation height increases and peaks in May.  

Carcass Records 
When a field technician detected a complete or partial carcass, or a collection of 10 or more 

feathers, a carcass record was created (Figures 7 and 8). In addition to placed marked carcasses, 

field technicians also found “natural” or incidental fatalities, which were also recorded. The 
Data Dictionary (Appendix C, Table C-1) lists all the variables contained in the final data set, 

including the data field technicians recorded when a carcass was found. 

 

 

 

Carcass Status Checks 
The purpose of the carcass status check procedure is to rigorously verify the true status 

(presence, position, and condition) of known marked carcasses, both placed and incidentally 
found, at study strings. 

Status Checks 
Project field managers checked the status of all known carcasses every 48 hours and on days 

that field technician searches occurred (Figure 9). A project field manager found the last known 
location of a carcass utilizing a range finder, a compass, a GPS receiver, and a carcass marker. If 

an unknown carcass was found during a status check, the project field manager would collect 

and record data on its position and condition. (See Appendix C for complete list of data 

recorded for unknown carcasses.) 

Project Field Manager Detection Types 
Project field managers used range finders, compasses, and GPS receivers to find the 

approximate location of a placed carcass. If the carcass was not immediately detected, the 

carcass marker was sought out. The marker and turbine indicated a more precise carcass 
position. If the carcass was still not found, the position, the marker and turbine address became 

the point of origin for an intensive survey around this carcass to investigate if the carcass had 

Figure 7: Fresh Bird Carcass Figure 8: Partially Removed Carcass 

 

 

Photo Credit: EcoStat, Inc. Photo Credit: EcoStat, Inc. 
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been moved by scavengers, degraded due to abiotic weathering processes such as wind and 

rain, or was removed. This intensive survey was typically conducted as a flushing search, a 

tight spiral transect out to 20 meters from the assumed last carcass position and again back to 
the point of origin reversing direction to maximize the view shed around obstructions such has 

high vegetation and rocks.  

In addition to finding a placed carcass by its GPS position, marker, or a flushing search, new 
carcasses or carcass positions were found incidentally when project field managers walked 

between carcass positions or by field technicians during their carcass searches. 

 

 

 

 

 

 

 

 

 

 

 

Fractured Position, New, and Unknown Carcass Identification Numbers 
Carcass scavenging sometimes fractured the carcass sign into multiple positions. If these carcass 

parts were distinct and more than 10 meters away from the initial carcass position, an 

additional carcass position was established and identified by a lettered suffix added to the 
carcass identification number (e.g., 0121B). These newly established carcass positions were then 

checked along with other known carcass positions.  

Occasionally new fatalities were found by field technicians during carcass searches or when 

Project field managers conducted status checks. These new carcasses were identified with a 
carcass identification number including the string number, the letter U, and the number of new 
fatalities found at that string (e.g., 302U-01). These new fatalities were checked along with all 

other known carcass positions.  

Sometimes a marked carcass was found but its carcass identification number was unknown 
because the identifying tape was missing due to scavenging actions. These unknown marked 

carcasses were identified with a carcass identification number including the string number, the 

letter M, and the number of marked carcasses found at that string (302M-01). These unknown 

marked carcass positions were checked along with all other known carcass positions. Later a 

Figure 9: Project Field Manager Conducting a Status Check 

 

Photo Credit: EcoStat, Inc. 
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known carcass identification number was assigned to the carcass position based on its 

proximity to plausible known marked carcass positions. 

Negative Detections  
In order to maximize the certainty of a carcass position’s removal, project field managers 

checked the negative presence (absence) multiple times before recording the removal of a 

carcass position. After a project field manager conducted three consecutive status checks, 
including flushing searches, with negative presence outcomes, the carcass position was declared 

removed and no longer part of future status checks. Once the carcass was confirmed removed, 

the time of removal was set consistent with the first observation time (this time is needed for the 

determination of the carcass persistence curve).  

Quality Assurance/Quality Control 
High frequency of data entry and field checks helped to assure the data was accurate: 

 Data sheets from field technicians were collected after they completed their searches the 

same day and checked for completeness. The positions of any fatalities they found were 

also verified in the field on the same day by project field managers.  

 Project field managers entered data into an Excel spreadsheet two to three times a week, 

because the data was needed to determine the status checks schedule.  

If any questions arose when entering data, the data was rectified by asking the observer, using 

photos and GIS. 

Results of the Field Sampling 
Carcass Detections 
Table 2 shows the number of trials in which a bird or bat carcass was truly on the ground, and a 

searcher had a chance of detecting the carcass. Carcasses that persisted over time contributed 

more to the number of trials than those that were removed from the study quickly.  

 
Differences in the habitat types of the blocks may account for differences in carcass persistence, 

as well as the number of days on which a search occurred. Blocks are representative of changes 

in grass height over time; however, blocks were not selected based on specific ecological or 

habitat conditions. The chance of detecting a bird or bat was not equal for each search, and was 
found to be a function of vegetation height and carcass age. Topographical variables (e.g., slope) 
and meteorological variables (e.g., precipitation) were evaluated in addition to vegetation 

height, but were not found to be correlated to mortality at this site. 

 

Table 3 summarizes the percentage of search opportunities with carcasses detected over the 
entire study. In practice, a single trial is implemented in which a fixed number of carcasses are 

observed. Each carcass has one chance of observation.    
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Table 2: Percent of Birds and Bats Observed for Each Block 

Block Species 

 Number of individual 

observations where the 

carcass was truly 

present1 

Percent 

Detected 

Average 

Vegetation 

Height (inches) 

1 Bat 83 16.9 2.2 

2 Bat 63 4.8 3.4 

3 Bat 60 1.7 5.6 

4 Bat 42 4.8 7.6 

1 Small Bird 72 18.1 2.6 

2 Small Bird 63 17.5 3.5 

3 Small Bird 38 7.9 6.1 

4 Small Bird 50 22.0 6.1 

3 Large Bird 17 58.8 6.3 

4 Large Bird 14 78.6 8.4 
 

1 Note: individual carcasses could have several chances for observation during the study 

 
 
 

Table 3: Percent of Birds and Bats Observed in Study 

Species 

Number of individual 

observations where the 

carcass was truly present1 

Average Vegetation 

Height (inches) 
Percent Detected 

Bat 248 4.3 8.1 

Small Birds 223 4.2 17.0 

Large Birds 31 7.2 67.7 

 

1 Note: individual carcasses could have several chances for observation during the study  

 

 

Table 4 shows the chance that a carcass was observed on the first observation date. The number 

of bat carcasses observed on the first observation date is 14 percent. Note that the percentages 

observed on the first date are larger than found over all possible observation dates. This finding 
could be linked to increased difficulty with observing older carcasses. 

 
  

Source: EcoStat, Inc. 

Photo Credit: EcoStat, Inc. 
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Table 4: Percent of Birds and Bats Observed on First Observation Date  

 
Percent Detected 

Bat 14.1 

Small Birds 22.1 

Large Birds 83.3 

 

 

Table 5 shows average vegetation height by month and block. The vegetation in the study area 

is predominantly grass, with an average height of 2.7 inches (maximum 10 inches) at the start of 

the study in January and an average height of 6.4 inches (maximum 23 inches) at the end of the 

study in April.  

 
Table 5: Average Vegetation Height (inches) Observed by Month and Block 

 
Jan 2011 Feb 2011 Mar 2011 Apr 2011 

Block 1 2.7 2.3 
  

Block 2 
 

2.3 3.2 4.3 

Block 3 
  

3.3 5.9 

Block 4 
   

6.4 

  
 

Table 6 shows the number of individual carcasses detected for each block over the course of the 

entire study.  

 
Table 6: Percent of Unique Carcasses Detected per Block (7-day interval)  

 

Found Placed Percent Detected 

Block # Bats 

Small 

Birds 

Large 

Birds Bats 

Small 

Birds 

Large 

Birds Bats 

Small 

Birds 

Large 

Birds 

1 10 11 - 24 32 - 41.7 40.6 - 

2 3 8 - 18 24 - 16.7 29.2 - 

3 1 3 3 18 24 3 5.6 12.5 100 

4 1 10 3 18 24 3 5.6 37.5 100 

Total 15 32 6 78 104 6 19.2 30.8 100 
 

 

Source: EcoStat, Inc. 

Source: EcoStat, Inc. 

Source: EcoStat, Inc. 
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Carcass Persistence Probability 
In this section, the scavenging rate at the level of string, block, and entire study area is 

examined. Relationships between carcass persistence and key covariates, such as vegetation 

height, are also examined. The persistence of a carcass on the field was modeled using a two-

parameter Weibull distribution with the following model structure. 

The density function for Weibull3 distributed carcass persistence times is the following: 

 (  |          
        (       (      

   

Where λ is the scale parameter, ti is the time of event i, and α is the shape parameter of the 

Weibull probability density function.  

The corresponding carcass persistence function can be written as follows: 

 (  |          (    (     
   

Where   is the probability of carcass persistence (survival or non-removal from the field), and    

is the time (days) that the carcass was observed on the field since the start of the study. 

If covariates (i.e., grass height, distance to bird or bat from the searcher, topographical features, 

etc.) are linked to λ with λ  i = xi’β, where xi is a vector of covariates corresponding to the ith 

observation (here, an observation is a survey date) and β is a vector of random parameters, the 
log-likelihood function is written as: 

 (   |     ∑  (   (   (         (       
       (  

     
 

 

   

 

The above model was implemented using a Bayesian paradigm with prior distributions: 

β: N(0,10000) 

  α: Gamma(0.001, 0.001) 

Also, in some cases, the model was implemented without λ linked to covariates. Note that v 

indicates whether the observation is an actual failure time (v =1) or a censoring time (v =0). An 

observation is considered censored if the event of interest (in this case, the carcass is removed) 
does not occur within the timeframe of the study. A censored observation is defined as a record 

where the event (removal), has yet to occur (but, may occur if the record was tracked through 

time for a longer period). Results of the carcass persistence modeling exercise are shown below 

in Figures 10-13. These graphical presentations of the carcass persistence curves display the 

variability in probability within the data base. The curves are not adjusted for grass height, or 
other possible covariates. 

                                                 
3 The Weibull distribution is a continuous probability distribution used in survival analysis, which 

involves the modeling of time to event data. 

http://en.wikipedia.org/wiki/Probability_distribution
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With 90 percent Credible Intervals, dashed line 

Two-Parameter Weibull Survival Model 

Red dots indicate a removal; Black dots indicate a censored4 record 
Note: A single bat can be viewed more than once during the course of the study 

Source: EcoStat, Inc. 
 

The carcass removal rate was high over the first two weeks and then the removal rate 

exponentially decreased. Red dots in Figure 10 indicate a constant rate of removal. 

Approximately 30 percent of bats were not removed (black dots).  

Changes to grass height and other biological metrics over the study period may explain some of 

the differences in Figure 11. (However, no formal analysis of this subject is possible due to lack 

of rigorous field measurements). The statistical model does not result in a probability curve for 
large birds due to the low removal rate (one carcass).  

  

                                                 
4 “Censored” means that the carcass remained on the ground (was not removed) when the trial ended.  

Figure 10: Carcass Persistence Probability for All Bats in the Study  
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Figure 11: Block-Specific Persistence Probability for All Bats in the Study 

Source: EcoStat, Inc. 
 

Figure 12: Persistence Probability for Small Birds in the Study 

Dashed lines show 90 percent credible intervals 
Red dots indicate a removal; Black dots indicate a censored record 

 Source: EcoStat, Inc. 
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Figure 13: Block Specific Persistence Probability for Small Birds in the Study 

Two-Parameter Weibull Survival Model 

Source: EcoStat, Inc. 

 

These curves confirm that the rates of carcass removal were greater in the first two weeks, and 

that most carcasses were removed within six weeks.  

 

Searcher Proficiency 
The magnitude of the searcher proficiency rate will be site specific, and will be a function of 

environmental and topological variables. In this study, searcher proficiency was significantly 

related to vegetation height (Figure 14). In addition to showing that searcher proficiency is a 

time-dependent process, Figures 14 and 15 clearly indicate that the shape of the searcher 
proficiency curves (with time and vegetation height) differ for birds and bats, and for small and 

large birds. 

A key contribution of this study is the findings associated with bats. Statistics derived from this 
study indicate that, on average, searcher proficiency of bats is roughly half that of small birds. 

Large birds in this study were detected approximately 70 percent of the time. From a specific 

carcass perspective, approximately 30 percent of all small birds in the study were detected at 

least once, while only 19 percent of the bats were detected at least once.  

The above rates for small birds are consistent with published literature values. For bats, 

however, the incorporation of time-based functions of searcher proficiency will have a 

significant impact on the resulting bat fatality estimation. 
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In this study, the searcher proficiency for small birds and bats was found to be similar after 

approximately 25 days, with the largest difference seen initially after carcass placement when 

the carcasses were fresh. An approximate 15 percent difference is seen between searcher 
proficiency in birds and bats with fresh carcasses. The searcher proficiency for birds and bats 

approached 2 percent after 30 days. This finding has implications for interval length in post-

monitoring studies, where this study points to shorter intervals in order to maximize the chance 

of detecting a carcass on the ground. 

 
Figure 14: Searcher Proficiency as Function of Vegetation Height for Brown-Headed Cowbirds  

and Bats, Integrated Across All Other Possible Covariates 

 
 

Source: EcoStat, Inc. 
 

Bats are harder to find than birds, and all carcasses have low probability (less than 10 percent) 

of detection by field technicians after three weeks. The study’s finding that carcasses have the 

highest chance of being detected during the first two weeks has implications for study design. 
(Note that Figure 15 includes carcasses that have been scavenged but not removed.) 

Table 7 presents the distance between the observed bird or bat, and the field technician. 

Statistics are calculated for the entire study, using all possible observations. Smaller carcasses 

are clearly shown to be found closer to the observer, on average. The distance sighted suggests 

that transects should be closer together; this study shows that 6 to 8 meters (a standard distance 

used by many investigators) is too far apart for many small bird and bat detections. 
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Figure 15: Searcher Proficiency of Small Birds and Bats Over Time,  
Integrated Over All Other Covariates  

 
 

Source: EcoStat, Inc. 
 

 

Table 7: Distance Between Observed Carcass and Field Technician 

Species Minimum 

Distance (meters) 

Mean Distance 

(meters) 

Maximum 

Distance (meters) 

Bat 1.0 1.7 8.0 

Small Birds 1.0 2.2 10.0 

Large Birds 1.0 9.0 41.0 
 

          Source: EcoStat, Inc. 
 

One problem with most estimators is that they must address a mix of species and ages of 

carcasses, which is complex. The time and age of carcasses matter for detection; the data reveal 

an often overlooked time dependency to searcher bias, combined with persistence. 

Questions that could be explored with further research include whether increasing the searcher 

time per string (decreasing walking speed) results in higher detection rates, and whether it 

would be better to search one area thoroughly or search more areas.  
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CHAPTER 3: Fatality Estimation Equation Analysis 
The objective of this section of the compare commonly used equations. Based on the 
assumptions underlying each equation, and the mathematics inherent in the equations, 

computer simulation is used to compare and contrast the expected true fatality rates among the 

equations evaluated. The equations are explored and evaluated using the concept of statistical 

bias and variance. 

Description of Analysis 
Estimating the true (or actual) fatalities of a specific species of bird or bat, related to a particular 
wind power generating facility during a specified time period, is a challenging task. Typical 
data supporting such estimates consist of collections {   } of counts of carcasses discovered by 

search teams in delineated search areas near a number of turbines (here indexed by  ) at the end 
of successive search periods (here indexed by  ), of varying length {   } (in days). 

 
The simplest approach to estimating the total number     of fatalities due to turbine   in time 

period   would be the raw count,  ̂      . This would be exactly correct under the simplistic 

assumptions:  

S1  Each period begins with no carcasses in the search area;  

S2  Each fatality caused by turbine j during period i leads to a (unique, single) carcass in the 

study area;  

S3  There are no other sources of carcasses in the study area;  

S4  Each carcass remains throughout the period;  

S5  The search team discovers and removes every carcass.  

Under these assumptions the total number     of fatalities could be estimated perfectly by  

 ̂       .5 

Each of the assumptions above is false to at least some degree, leading     to be a badly 

distorted estimate of    . Some of the reasons include:  

• Experiments (for example, see http://www.altamontsrc.org/alt_rl.php) have shown that 

search teams usually discover only a fraction of existing carcasses (estimates ranging from 
13 percent to 88 percent have been reported in the literature), violating S 5. The 

undiscovered carcasses will be present in the search area at the beginning of the 

subsequent period, violating S 1.  

• Fatalities from turbine   may lead to carcasses outside the search area, violating S 2.  

                                                 
5 Note the equals sign (=) indicates “defined as.” 

http://www.altamontsrc.org/alt_rl.php
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• Carcasses from fatalities caused by another turbine or from an unrelated source may fall 

into the search area, or carcasses from fatalities preceding the test period may persist into 

the period, violating S3.  

• Scavengers may remove carcasses before they are discovered by the search team, or 

carcasses may degrade so much that they elude discovery, violating S 4.  

A number of authors have published more sophisticated estimation formulas for the number 
    of birds or bats killed, intended to correct the biases induced by these issues. The following 

discussion is intended to explain the implicit assumptions that underlie four of these formulas, 

illustrating how they differ, and to offer suggestions for choosing among them or alternatives 

for the purpose of making reliable estimates of fatality. 

The Estimating Equations 
The authors study fatality by constructing a mathematical model in which the number     of 

turbine-related carcasses discovered in the     spatial region at the end of the     temporal 

period is treated as a random variable. Each of the estimation formulas considered here begins 
as an equation expressing the expected number of carcasses counted,  [   ], as a function of the 

actual number     of fatalities and of some other factors (or estimates of them), under some 

assumptions about how scavenging and fatality proceed. This section considers what implicit 
assumptions lie behind these equations, offering some perspective on them and also some 

generalizations. 

The authors differ in their choice of which letters to use as variable names for which quantities. 
To simplify comparing their estimation formulas, this report assigns common notation for all of 

them. Upper-case letters denote quantities which are (or could be, in principle) observed; lower-

case letters denote model parameters. Table 8 presents the notation used here. “Hatted” 
quantities such as “ ̂  ” denote estimates of the corresponding quantities. 

Even though observations are taken only at a few discrete times, it is useful to think of fatality 

and removal as processes that occur progressively over the time interval. Time is treated as a 
continuously-varying quantity  , measured in days, ranging from zero to     during each study 

interval. The instantaneous rates of fatality and removal, and the levels of searcher proficiency, 

may vary in time and may depend on a variety of covariates. In a more detailed modeling effort 
the proficiency     (the probability of discovery of a particular carcass) would depend on the 

searcher’s skill, the time lapse from fatality to search, and various covariates including the 
vegetation height and lighting conditions. Carcass removal rates    would also change as 

carcasses age, and might depend on other covariates, leading to time and covariate dependence 
for persistence probabilities     and average durations    .  

  



31 

 

 

Table 8: Common Notation for Observable Quantities (Upper Case) and  
Parameter Values (Lower Case) for All Estimation Formulas 

At turbine   in time interval    

    (count) = number of carcasses counted 

    (search interval) = search interval length (in days) 

    (mortality) = true number of carcasses during interval 

    (persistence probability) = probability a carcass remains unremoved until next 

   search 

    (removal rate) = probability per day of carcass removal by scavengers and 
   other processes 

    (search proficiency) = probability a carcass will be discovered 

    (persistence time) = average number of days a carcass remains unremoved 

 
Source: Dr. Robert Wolpert 

 

In this discussion, each of these parameters is treated as constant during each search interval, 
set to their average values in region   and epoch  . Models reflecting their dependence on time 

and covariates are under development and will be described elsewhere. 

 

Common Assumptions 
All four of the estimation equations below embody some common simplifying assumptions, 

most of them approximately correct or easily addressed: 

A1: Each fatality caused by turbine   during period   leads to a carcass in the study area.  

o In each of the approaches below this can be relaxed by including an additional factor 
  ̂  ⁄ , where  ̂   is an estimate of the fraction     of carcasses from the     turbine that 

fall into the study area during the     time period. Most authors adjust for this.  

A2: There are no other sources of carcasses in the study area.  

o Searchers are trained to distinguish turbine fatalities from others, and search areas are 

sufficiently widely separated to ensure that few if any inappropriate carcasses will be 

counted.  

A3: Carcass arrival times are uniformly distributed over the interval [     ].  
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o Actual fatality rates will vary over time due to diurnal patterns, weather dependence, 

migratory patterns, and for other reasons, but the effects should average out over time 

with no significant effect on estimates.  

A4: Quantities that vary over the time interval or that depend on covariates are adequately 

represented by their average values.  

o This leads to considerable simplification, and holds approximately if the variation is 

small. See Discussion below for notes on how it may affect estimates if variation is not 

small, and on how it could be addressed.  

Implicit assumptions specific to each particular estimation approach are described below. 

 

Erickson & Johnson’s Equation 
An early attempt to reduce bias, attributed by Shoenfeld (2004, Equation (2)) to Erickson, 

Strickland, Johnson and Kern (1998) and by Huso (2011, §3.2) to Johnson, Erickson, Strickland, 

Shepherd, Shepherd and Sarappo (2003) is  

   ̂  
  
 

      

 ̂   ̂  
                      (   

If, on average, carcasses persist unremoved for only a fraction         of the search interval, 

and if the search team’s proficiency is      , it is reasonable to expect them to only discover a 

portion  

    (      ⁄ )(   )    

of the carcasses, leading to the estimator (1) when the uncertain quantities     and     are 

replaced with estimates and the equation is solved to construct an estimate of    . 

Exploring this in more detail, in the absence of intervention (i.e., removal of carcasses by 

searchers) and under unchanging conditions, the long-term average number of carcasses 

present on the ground in the study area would reach a steady state with no systematic increase 
or decrease; denote the average number of carcasses at steady state by    

 . Since each of those 

carcasses is present for an average of     days, the average daily fatality rate necessary to 

maintain that equilibrium is        
    ⁄ , so  

   
        . 

On average the total fatality in a period of     days is           , so  

   
  (      ⁄ )    

and on average a search team that succeeds in discovering carcasses with probability       

(the team’s proficiency) would discover a fraction     of these,  

 [   ]        
               ⁄               (   
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Replacing     and     by their estimates  ̂   and  ̂   and solving for     leads to estimator (1), 

 ̂  
  
 (      ) ( ̂   ̂  )⁄ . Because of its steady-state assumption, the validity of Erickson and 

Johnson’s estimator  ̂  
  

 (1) requires the additional assumption:  

  
  

:The system is in equilibrium at each search.  

This will hold approximately whenever        , since the removal process then brings the 

system to equilibrium quickly, but in general it will be violated by any intervention such as the 

removal of discovered carcasses by search teams. If   
  

: fails (as in Figure 16) because of 

interventions that remove carcasses, then           
  on average, leading to systematic 

underestimation with  ̂  
  
     (see Discussion below).  

Figure 16 illustrates four      10-day periods. Simulated counts    (  of carcasses currently in 

the study area are shown as a stair-step curve, for Poisson fatality at constant average daily rate 
         and exponential persistence times averaging         The equilibrium average value 

   
            is shown as a horizontal line.  

The curve    (   increases by one with each new fatality (at random times chosen uniformly 

from each interval [     ]), decreases by one with each removal by scavengers (after 

independent exponentially-distributed persistence times), and decreases at the time of each 
search by the number of carcasses discovered and removed. Search team proficiency for the 
simulation is         . Search team carcass counts appear as downward arrows, and 

undiscovered carcasses remain for the subsequent search period. 

 

Figure 16: Steady-State Value    
     for Erickson & Johnson’s Estimator  ̂  

   (1) 

Horizontal line, beginning and ending each period at open and filled circles, respectively. One draw from 
random distribution (stair-step, beginning and ending each period at open and closed squares, 

respectively) is also shown, with discovered carcasses removed (in violation of   
  ). 

Source: Dr. Robert Wolpert 
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A Variation: Shoenfeld’s Periodic Equation 
Huso (2011, §3.2) attributes to Dr. Peter S. Shoenfeld (2004) the “modified” estimation formula  

 ̂  
  

      

 ̂   ̂  
[
     ̂  ⁄     ̂  

     ̂  ⁄   
]             (   

Shoenfeld describes this estimator as a “periodic” variation on (1), specifically intended to 

address that estimator’s systematic underestimation, which he suggests is about 15–20 percent 
in practice. The next section reviews the assumptions implicit in Equation (3). 

 
Each period begins with carcasses that were not discovered and removed by the previous search 

team still on the ground. As the number   of days into the period increases, the number of 
carcasses    (   is increased by new fatalities and decreased by the removal process, with 

expected value    (    [   (  ] tending toward the equilibrium limit    
 . Under the 

assumptions listed below, the mean satisfies a linear Ordinary Differential Equation: 

 

  
   (             (          (     ⁄          (4a) 

where            ⁄ is the daily fatality rate and          ⁄ is the average persistence time. The 

well-known solution with initial value     
 is 

   (      
       ⁄        (        ⁄ ),          (4b) 

which begins at    (      
  and converges exponentially at rate     ⁄  to the equilibrium value 

of    
        . The value at the time of the search ending the     time period is    (   ). 

 
Shoenfeld’s idea is to use this relation periodically for search scenarios where the search 

intervals, search proficiencies, and removal rates are approximately constant for consecutive 
time periods. In that case each period will end on average with the same number       (   ) of 

carcasses as the preceding period. By periodicity, each must begin on average with    
  

(     )   carcasses, those undiscovered by the previous search team, leading to the equation 

     (     )   
       ⁄        (          ⁄ ).          (5) 

Collecting terms, this is easily solved for: 

   
      (          ⁄ )

  (     ) 
       ⁄  

      

   

       ⁄   

       ⁄       
 

(using            ⁄ for the average daily fatality). The expected carcass count will be less by a 

factor of the proficiency    ,  

 [   ]     

      

   
[

       ⁄   

       ⁄       
]   
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Solving for      and replacing     and     with their estimates leads to Shoenfeld’s (2004, 

Equation (1)) estimation equation, 

 ̂  
  

      

 ̂   ̂  
[
     ̂  ⁄     ̂  

     ̂  ⁄   
]   

Shoenfeld’s periodic approach was based on three new assumptions (as inferred from the 

characteristics of the equation):  

  
 : Carcass persistence times have exponential distributions.  

  
 : All carcasses (both old and new) have the same probabilities of discovery    .  

  
 : The lengths    , rates of mortality     and removal    , and the proficiencies     are 

approximately constant over consecutive time intervals.  

 

Smooth solid curve, beginning and ending each period at open and filled circles, respectively  

Steady-state limit (dashed curve at        ), and one draw from random distribution (stair-step, 
beginning and ending each period at open and closed squares, respectively) are also shown. True 

mortality rate is         , persistence is       , and searcher proficiency is         . 

Source: Dr. Robert Wolpert 

Assumption   
  was needed to justify the Ordinary Differential Equation (4). Assumption   

  
ensures that undiscovered carcasses from an earlier period are just as likely to be removed by 

scavengers and weathering or discovered by future search teams as are fresh carcasses (see 

Discussion below), justifying their inclusion for the current period. Assumption   
  justifies the 

recursion of Equation (5). 

 
If the sampling intervals     are long compared to the average removal times    , then the last 

factor in square brackets above is close to one and (3) reduces to (1), so  ̂  
   ̂  

  
. If searches are 

Figure 17: Mean Function    
(   for Shoenfeld’s “Periodic” Estimator  ̂  

  (3) 
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more frequent, so search intervals     are not long compared to residence times    , then the 

estimate  ̂  
  of (3) always exceeds  ̂  

  
 of (1), to compensate for the smaller number of carcasses 

on the ground following the previous search. 

 
Figure 17 illustrates the model implicit in Shoenfeld’s estimation equation for four     = 10-day 

periods. The mean value    (  for the count    (   of carcasses in the region is shown as a solid 

curve, beginning and ending each search period with an open or filled circle respectively, 

approaching but not quite attaining the steady-state    
     shown as a dashed line. One 

random draw of the numbers    (   of carcasses currently in the study area is shown as a stair-

step curve for constant daily mortality rate          and persistence times       . Search 

team carcass counts appear as downward arrows; undiscovered carcasses remain for 
subsequent search period. As before, search team proficiency is         . 

 

Pollock’s Equation 

It is worth questioning why in practice search teams find only a modest fraction     of carcasses. 

Under Shoenfeld’s assumption   
  the undiscovered carcasses are no harder or easier to find 

than those that were discovered— discovery failures are entirely random. But another 

possibility to consider is that some carcasses are more difficult to find than others, perhaps 
because they fell in deeper grass, or in an area with poorer light or less contrast, and that search 

teams find all of the most accessible carcasses. If so, then carcasses remaining on the ground 
after a search should not be included among those that might be found during subsequent 

periods. The next equations considered are based on an assumption that each period begins 

with no discoverable carcasses present. 

The estimator recommended in Guidelines, suggested by Dr. Kenneth H. Pollock of North 

Carolina State University (2007), is  

 ̂  
  

   

 ̂   ̂  
                     (6) 

This is the estimator one would derive from a model in which the expected carcass count for the 
    period could be expressed as the product  [   ]            of the mortality count    , 

reduced by the “persistence probability”     and the searcher proficiency    . 

The difficulty in interpreting this equation and assessing its validity lies with interpreting the 
persistence probability parameter “   ”, described by this study as the “probability that a 

carcass persists and is observable until the next search” and by the Guidelines as the 
“probability that a carcass has not been removed in an interval.” Because some carcasses appear 

much earlier in the interval than others, some will be subject to removal by scavengers and 

weathering for longer times than others and so some will face a higher probability of removal. 

Exponential Persistence Times 
If persistence times have exponential distributions, then the probability of persisting unremoved 

from any time         to the end of the interval is  [   (     )]       (     ). Under 
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Common Assumption A3 of uniformly-distributed arrival times, the average probability     that 

a carcass persists until the next search at time     and the average persistence time     is given by 

    
 

   
∫      (     )
   

 
   

 

      
[          ]       (    

    ∫      
 

 

 
            ⁄              (    

Combining these with (6), Pollock’s estimator for exponential persistence is 

 ̂  
    

   

 ̂   ̂  
 

      

 ̂   ̂  
[        ̂  ⁄ ]

  
 (with exponential persistence).  (7c) 

 

Weibull Persistence Times 
For exponentially-distributed persistence times, the probability of a carcass’s removal during a 

day (assuming it is still present at the start of that day) does not vary with the age of the carcass. 
This feature of the distribution, sometimes called “memorylessness” and sometimes called 

“constant hazard”, may not be realistic if older carcasses appear less attractive to scavengers. 

An alternative probability distribution commonly used to model failure times with decreasing 
hazard is the Weibull family. 

Pollock’s estimator  ̂  
  of Equation (6) can be used with a Weibull probability distribution for 

persistence times exhibiting decreasing hazard, by introducing a new parameter     (the 

Weibull “shape” parameter). The case     reduces to the exponential distribution as before, 
but for       the hazard (i.e., removal rate) falls off like the power          with 

increasing persistence time  . The persistence distribution is then given by  

   [   ]    (    )
 
     

with average persistence probability and average persistence time given by  

    
 

   
∫   [   (     )]

    

 
      

 

      
 (

 

 
 [ (  

 

 
)      ]

 

)      (    

    

    ∫   [    ]
 
  

 

 
    (  

 

 
)    ⁄              (    

where  (ɑ) and P(ɑ,x) denote the Gamma and incomplete Gamma functions, respectively 

(Abramowitz and Stegun, 1964, §6.5). The resulting estimator from (6) is 

 ̂  
    

   

 ̂   ̂  
 

      

 ̂   ̂  
 (

 

 
 [ (  

 

 
)    ̂  ⁄ ]

 

)
  

 (with Weibull persistence),   (8c) 

not much less tractable than the exponential version (7c). 

 
Other interpretations of     (for example, the probability a carcass present at the beginning of 

the interval will persist to the end) or other persistence distributions lead to different 
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expressions and may require different assumptions for validity. For any persistence 

distribution, Pollock’s estimator requires the assumption:  

  
 : Each period begins with no discoverable carcasses. 

If   
 : fails then  ̂  

  will consistently overestimate    . 

Figures 18 and 19 illustrate the model implicit for  ̂  
  with exponential persistence for four      = 

10-day periods. The mean value    (   for the count    (   of carcasses in the region is shown in 

each as a solid curve, beginning each search period with an open circle at    (     and ending 

each at a filled circle somewhat below the steady-state level of    
    , indicated by a dashed 

line. One random draw of the numbers    (   of carcasses currently in the study area is shown 

as a stair-step curve for constant mortality rate          and mean persistence times       . 

Search team carcass counts appear as downward arrows, for proficiency is         . Following 

searches undiscovered carcasses remain discoverable for future searches in Figure 18, in 
violation of   

 , to illustrate possible bias, but search intervals are sufficiently long (          ) 

that estimator  ̂  
  has a bias of only 2.5 percent.  

 

Smooth solid curve, beginning each search period with an open circle at    (     and  
ending each period at a filled circle 

Steady state limit (dashed curve at        ), and one draw from random distribution (stair-step, 
beginning and ending each period at open and closed squares, respect ively) are also shown. True 

mortality rate is         , persistence is       , and search team proficiency is         . 
Undiscovered carcasses are allowed to remain following searches, in violation of    . 

Source: Dr. Robert Wolpert 

 

For contrast, all carcasses are removed following searches in Figure 19, consistent with   
 .  

Figure 18: Mean Function    (   for Pollock’s Estimator  ̂  
  (7c) with Exponential Carcass 

Persistence Distributions 
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Source: Dr. Robert Wolpert 

 

Huso’s Equation 
Huso (2011) expresses the concern that in some study designs the interval     between 

successive searches may far exceed the expected persistence time     of carcasses. In that case 

she proposes to reduce the value used for     to an “effective” time interval length  ̃      , 

sufficiently long that the random persistence times {  } (with mean    ) will only exceed this 

effective time with small probability  [    ̃  ]           , and regard the carcass count as 

appropriate for just the last  ̃   days of the interval. The resulting estimate is then scaled by the 

factor (    ̃  ⁄ ) to achieve an estimate  ̂  
  for the full interval of     days. Under her assumption 

of exponential distributions for persistence times {  },  ̂    ̂   log(100) (about 4.6 times the 

estimated mean persistence time  ̂  ), leading to Huso’s estimator  

   ̂  
  { 

      

 ̂   ̂  (   
     ̂  ⁄

)

       ̂  

      

 ̂   ̂  (     
          ̂  

 
      

 ̂   ̂  [       (   
     ̂  ⁄ )]

 .  (9) 

This is expressed quite differently, but is mathematically identical to the “Proposed Estimator” 
of (Huso, 2011, §3.2, p.7). This estimate always exceeds Pollock’s estimator  ̂  

    (7c) for 

exponential persistence  

 ̂  
   ̂  

    
      

 ̂   ̂   [   
     ̂  ⁄ ]

     (10) 

The two never differ by more than one percent, and coincide whenever         ̂  , so  ̂  
  may 

be viewed simply as a complicated way of expressing  ̂  
  for exponential persistence times. 

Huso’s estimator will be valid and nearly unbiased under the assumptions:  

  
 :  Each period begins with no discoverable carcasses. 

  
 : Carcass persistence times have exponential distributions.  

Figure 19: Simulation Illustrating  ̂  
  (7c) with Exponential Persistence Distributions with 

Carcasses Removed Following Searches, so   
  Holds 
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The estimation equations considered here –  

 ̂  
  
  

      

 ̂   ̂  
                                                                                                          (   

 ̂  
   

      

 ̂   ̂  
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     ̂  ⁄     ̂  
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 ̂  
   

      

 ̂   ̂  [       (        ̂  ⁄ )]
     

      

 ̂   ̂  
[        ̂  ⁄ ]

  
            (   

– are all intended to adjust for the gross underestimation of mortality     by simple carcass 

counts    . Each of them relies on the Common Assumptions A1–A4 (see p. 31) and each is a 

valid estimator of     under some additional assumption (  
  

,   
    

 ,   
  and   

  &   
 , 

respectively). 

Discussion 
The Figures 
Figures 16-19 illustrate the models for fatality and removal implicit in the estimators. Each 
figure shows simulated counts    (   of carcasses in the area as solid black stair-step curves that 

increase by one with each new fatality, decrease by one with each scavenger removal, and 
decrease by     at the end of the     interval upon the discovery and removal of     carcasses by 

the search teams (each     is indicated by a red downward arrow). In Figures 16–18, 

undiscovered carcasses remain present and may be discovered by later searches. To simplify 

comparison by focusing attention on what is different about the models (and not just random 

variation), the same fatality and removal times are used for each, so the functions  (   are 
identical in Figures 16-18. (In Figure 19, necessarily featuring different removal times, carcasses 

are removed following searches.)  

The mean value functions    (   implicit in the models are shown as solid blue curves, 

beginning each interval at an open circle and ending it at a filled circle (these overlap in Figure 
16, where    (   takes a constant value). Simulations and mean value calculations all use a daily 

fatality rate of         , so 10d         fatalities would be expected in each interval, or 

120 overall (113 appeared in the simulation). Rate of removal by scavengers was            , 

so persistence times averaged          ⁄    and, at steady-state,                   

carcasses would be present. The search teams, whose proficiency was               , 

discovered 35 carcasses in the four intervals of the simulation. 
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Comparing the Estimators 
The estimators fall into two groups. Estimators  ̂  

  
 and  ̂  

  each assume that some or all 

carcasses remain across searches, and that undiscovered carcasses from earlier time periods are 

removed or discovered at the same rates as fresh carcasses. In contrast, estimators  ̂  
  and  ̂  

  

assume that each search period begins with no discoverable carcasses. For a fixed searcher 
proficiency and carcass persistence rate under the same site-specific characteristics, the ordering 

of the estimators is consistently:  

 ̂  
  
  ̂  

   ̂  
   ̂  

                (    

for exponential persistence probability distributions. Note that then  ̂  
    ̂  

  unless         ̂  , 

in which case they differ by at most 1.01 percent. 

Choosing an Estimator 
Which group of estimation equations is more appropriate for a particular species and 

experimental design— one of those ( ̂  
  

,  ̂  
 ) in which carcasses from earlier periods persist? 

Or one of those (like  ̂  
 ) in which each period is assumed to begin with no carcasses present?  

Imagine sending two search teams with the same proficiency (say, 50 percent) into the same 
area in which, say, 20 carcasses are present, one after the other. The first team should find about 
50 percent × 20 = 10 carcasses, on average — but what would the second team find?  

If they would be expected to find nothing, because all the discoverable carcasses would have 

been removed by the first team, then the Erickson & Johnson and Shoenfeld estimators 

( ̂  
  

,  ̂  
 ) would not be appropriate. Both would underestimate     by a factor of about 

[        ̂  ⁄ ], leading to a negative bias. 

If they would find about 50 percent × 10 = 5 carcasses (half those not found by the first team), 
then Pollock’s and Huso’s estimators would be inappropriate. Both would overestimate     by 

a factor of about [  (   ̂    
     ̂  ⁄ ]

  
, leading to a positive bias. 

Bias from Inappropriate Equation 
These biases are apparent in the figures. In Figure 16, the stair-step simulated curves    (   

typically lie well below the Erickson & Johnson mean function    (      
 , and their endpoints 

(the filled squares) lie below    
  on average, leading to underestimation (by −5.9 percent on 

average, for the parameters in this simulation). In Figure 18, the stair-step simulated curves 
typically lie above Pollock’s mean function    (   and the period endpoints, the filled squares, 

lie above    (   on average, leading to overestimation (but only by +2.5 percent for the 

parameters used here). In Figure 17, the simulated curves    (   coincide on average with 

Shoenfeld’s mean function    (  , leading to accurate estimates. Figure 19 shows the 

degradation-based estimator  ̂  
   ̂  

  with a simulation consistent with their assumptions 

(exponential persistence times and carcass removal following searches), so there is no bias. 

The biases would be larger with more frequent searches, possibly considerably larger. Daily 
searches, for example, with the same residence time        and searcher proficiency     



42 

 

          , would lead to −71.1 percent bias for estimator  ̂  
  

 and +30.5 percent bias for  ̂  
  or 

 ̂  
 , while  ̂  

  would remain unbiased. 

In the scenario of Figure 19, where undiscovered carcasses remain undiscoverable as if they 

were removed, Pollock’s estimator (and Huso’s which is identical) is unbiased while 
Shoenfeld’s and Erickson/Johnson’s underestimate     by factors of 

[  (       
       ⁄ ]

  
and[          ⁄ ], respectively, for biases of −2.46 percent and −8.21 

percent, respectively, with the 10-day search periods and 4-day persistence assumed here. For 
daily searches these biases would grow to −23.6 percent and −77.9 percent, respectively. 

Bias Affecting All Equations 
Each of the estimation formulas is based on an expression of the expected carcass count  [   ] as 

a function of the fatality count     and some other variables, such as the average persistence 

time     and the search team’s proficiency    . An estimator is then constructed by solving this 

equation for     as a function of  [   ]. 

Consider, for example, estimator  ̂  
  

 of Eqn. (1), derived from Equation (2), i.e., the relation  

 [   ]             . 

If both     and     are uncertain or variable, perhaps because they depend on covariates (grass 

height, etc.) that themselves are variable or perhaps simply because they must be estimated 

from data, then there is still a linear relation for the expectations  

 [      ]   [    ̂   ̂  ] 

for independent unbiased estimators  ̂   of     and  ̂   of    . Bias enters, however, when one 

makes the non-linear transformation of solving for    :  

     ̂   
      

 ̂   ̂  
  

Because the function x ~~>1/x is convex (its graph curves upward), the expectation of   ̂  ⁄  will 

always exceed   [ ̂  ]⁄ , and that of   ̂  ⁄  will always exceed   [ ̂  ]⁄ , so uncertainty or variability 

in     and     will lead each of these estimators to overestimate fatality to some extent, with 

E[ ̂  ] >    . But how large is this positive bias?  

If a positive random variable X has a log-normal distribution (commonly used to model 

uncertain positive quantities such as     or    ) with mean   [X]=M and variance V[X]=V, then 

1/X also has a log-normal distribution, but the mean is not 1/M. It is always larger:  

 
 

 
 

 

 
[  

 

  
], 

more than 1/M by a fraction V/M2.  

Thus if  ̂   is an unbiased estimator of s with standard error  , then (  ̂  ⁄ ) is a positively biased 

estimator of (    ⁄ ) with bias given by:  
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 [  ̂  ⁄ ] (  ̂  ⁄   [  (    ⁄ )
 
] 

with a similar formula for    . If     and     are known to within a small proportional error, i.e., if 

their standard errors are small fractions of their values, then little bias is introduced; if not, then 

more sophisticated statistical approaches may be warranted. 

Variability 
All the estimators considered here are of the form  ̂  =    , proportional to the carcass count 

with a proportionality coefficient   which will depend on    ,  ̂  ,  ̂  , and perhaps other 

quantities. The value of   is determined by solving for     an equation for the expected number 

 [   ]      of carcasses counted. The resulting variability of the estimators  ̂   can be quite large. 

Because     has a Poisson distribution under the models justifying all four of the estimators 

under consideration, and Poisson random variables have variance equal to their means, the 
variance of each such estimator  ̂  =     will be    [   ]     [   ]    [ ̂  ]. Even an 

unbiased estimator  ̂   with expected value  [ ̂  ]       will have variance      that may be 

quite large. For counts high enough to justify a central limit approximation, one should expect 
typical estimation errors to be on the order of √    ,  

| ̂      |       √          √  ̂   

with probability about 90 percent (and similar formulas for other quantiles). For counts     too 

small to justify the central limit theorem, the Anscombe transformation  

    √      ⁄    ( √      ⁄   ) 

for       [   ] (Anscombe, 1948) leads to reliable interval estimates for     for counts as low as 

     . Exact Poisson confidence intervals are available for all counts      . 

For example, at the end of the second period of the simulation shown in Figure 17,        
carcasses were counted. With         and       estimated perfectly, Shoenfeld’s estimator is 

 ̂  
  =      with  

  
   

 ̂   ̂  
[
     ̂  ⁄     ̂  

     ̂  ⁄   
]  

  

     
[
          

      
]        

so a 90 percent Central Limit interval estimate is  ̂  
              [             ]. The 

more accurate Anscombe approximation is [24.21, 66.31] and the exact Poisson interval is 

[23.41133, 69.09737]. In the simulation        fatalities occurred, exactly the expected number 

                , but the 90 percent interval for this estimator ranges from -21.9 percent 

below the true value to +130.3 percent above it. 

What if the Common Assumptions Fail?  
Common Assumption A1, that all fatalities lead to carcasses within the study area, is usually 
false because some carcasses may fall outside the designated study area, and some birds may be 
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crippled but able to make it outside the study region. If unaddressed, this “crippling bias” 

would lead to underestimation of fatality. It is usually addressed simply by estimating the 
probability     that a fatality will lead to a carcass in the study area, then scaling any of the 

estimators ( ̂  
  
  ̂  

   ̂  
   ̂  

 ) by a factor of   ̂  ⁄ . 

Common Assumption A2 that all counted carcasses in the study region arise from encounters 

with the indicated turbine, is only approximately correct. Fatalities are usually assumed to be 

turbine related unless there is evidence to the contrary, but because the fatality rates from other 
causes are thought to be small enough this is not believed to lead to significant over-counting. A 

related problem is that some encounters with turbines may dismember a carcass into multiple 

pieces deposited in multiple discrete locations with the search area. Searchers attempt to 

prevent double-counting by matching parts, but this process is subject to error. 

Search areas are generally established by rules of thumb, because of incomplete experimental 

data to suggest the true area of influence a turbine exerts, and may overlap. This could lead to 

misattribution, violating either A1 or A2. 

Common Assumption A3, that carcasses arrive uniformly over the time interval, will not be 

satisfied exactly. Actual fatality rates will vary over time with diurnal patterns, weather 
dependence, and other factors. If there are significant trends in fatality over the time period then 

this would affect each of the estimators, but haphazard variation on a rapid time-scale 
compared to search intervals will not. Some birds and bats have migratory behavior that may 
lead to widely differing rates from year to year or period to period, but if search intervals     are 

short compared to migratory time scales then A3 can still apply separately on each interval, but 

fatality and removal rates may vary for different time periods  . 

Common Assumption A4, that quantities are either constant or are sufficiently well represented 

by their averages, is also false. Both discovery by search teams and removal by scavengers are 

more difficult in areas or time periods within the study region where and when grass is taller, 
or light less available. Fortunately, these too are somewhat compensatory, but more elaborate 
modeling would be required to remove their effects entirely. Estimating     and     by imperfect 

estimators     and  ̂   does introduce some bias for all the estimators considered here, a rather 

technical issue. 

Some estimators ( ̂  
 , ̂  

 , and sometimes Pollock’s  ̂  
 ) also assume that carcass persistence 

times have exponential distributions. This distribution features a constant “hazard rate,” so its 
use implies that carcasses remain equally attractive to scavengers over time. Evidence suggests 

that this is false. Over time carcasses do deteriorate, with two effects: they become less attractive 
to scavengers, reducing the removal rate    ; and they become more difficult for search teams to 

discover, reducing the proficiency    . These two effects are somewhat compensatory, the first 

increasing and the second decreasing estimates of    . If degradation is sudden and thorough 

enough it may be viewed simply as another form of removal by scavengers, maintaining 

validity for all the estimators, but if degradation is sufficient to deter scavengers but not enough 

to affect discovery that would lead to a positive bias. 
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Extensions 
Each of the estimation approaches may be embellished to allow the rates of removal, fatality, or 

discovery to depend on meteorological, topographical, or other covariates, taken to be constant 

covariates for each turbine   and time interval  , at the cost of a considerable increase in 

computational complexity. 

Coupled Degradation Models 
In each of the models considered above the removal process and discovery are treated as 

“independent,” even for those underlying estimators  ̂  
  and  ̂  

  that feature degradation. If in 

fact carcasses differ in their appeal to scavengers and the ease with which they are detected by 

search teams, and if the same carcasses that are easy for search teams to discover are those that 
are rapidly removed by scavengers, then each of these estimators will be biased. Each on 
average will underestimate    , because the easily discovered carcasses will have been removed 

preferentially. Equation (12) shows an extension of Pollock ’s Weibull persistence equation (8c) 

for the most extreme case, where the removal and discovery processes are “coupled” in the 
sense that those carcasses with the longest persistence times are precisely those most difficult 

for search teams to discover:  
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Intermediate cases between independence (8c) and coupling (12) are possible too. More details 

are presented in Appendix B along with a more elaborate model in which:  

• Scavenger removal rates     and search team discovery rates     are allowed to depend on 

extrinsic covariates (grass height, for example) and on carcass age (hence persistence 
times will not have exponential distributions and counts may not be Poisson);  

• Mortality rates     need not be constant (seasonal and diurnal patterns may be explored),  

• Hierarchical structure exploits the similarities expected for data from different but 

comparable time periods or search regions.  

Each of the models underlying the estimators considered above can be expressed as a special 

case of that new model. Parameter estimation for the new model is more computationally 

intensive than the estimation formulas given here, however, and will require more extensive 

data collection, such as that described in Appendix B, which may not be available at all sites of 
interest.  
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CHAPTER 4: Study Findings and Recommendations 
CalWEA’s study offers several lessons with implications for the experimental designs and field 
monitoring recommendations provided in the Guidelines. The key findings, elaborated below, 

can be summarized under the following general statements: 

(1) Searcher proficiency is shown to be time-dependent.  

(2) Searcher proficiency is site- and species-specific. 

(3) Searcher proficiency is lower for bats than for birds. 

(4) Carcass persistence is a time-dependent process. 

(5) Small birds have a lower time-dependent persistence than bats. 

In addition, CalWEA’s analysis of the Guidelines’ recommended fatality estimation equation 
(Pollock) and three other prominent estimators (Erickson & Johnson, Shoenfeld, and Huso) 

finds that: 

(6) All four of the equations reviewed introduce some bias. 

(7) The equations can be distinguished by their underlying assumption about whether 

undiscovered, unremoved carcasses remain “discoverable” in subsequent searches.  

(8) For all four equations, length of search interval relative to mean persistence time is a key 

determinant of bias. 

These findings have implications for pre- and post-construction monitoring activities, 

discussed below along with a recommendation for development of an improved estimating 

equation that takes into account findings 6-8, above. 

Summary of Field Study Findings 
Searcher Proficiency Shown to be Time-dependent 
This study is the first to document quantitatively the long-term relationship between carcass 

age and the ability to detect the carcass. The implications for this issue are large, and will 

influence survey methods, the number of carcasses used during detection trials, and the 
approach to conducting pre-survey detection trials. 

Searcher Proficiency is Site- and Species-specific  
The magnitude of the searcher proficiency rate will be site specific, and will be a function of 

environmental and topological variables. In this study, searcher proficiency was significantly 

related to vegetation height. In addition to showing that searcher proficiency is a time-

dependent process, Figures 14 and 15 clearly indicate that the shape of the searcher proficiency 
curves (with time and vegetation height) differ for birds and bats, and for small and large birds. 

Searcher Proficiency is Lower for Bats than for Small Birds 
A key contribution of this study is the findings associated with bats. Statistics derived from this 

study indicate that, on average, searcher proficiency of bats is roughly half that of small birds. 
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Large birds in this study were detected approximately 70 percent of the time. From a specific 

carcass perspective, approximately 30 percent of all small birds in the study were detected at 

least once, while only 19 percent of the bats were detected at least once.  

The above rates for small birds are consistent with published literature values. For bats, 

however, the incorporation of time-based functions of searcher proficiency will have a 

significant impact on the resulting bat fatality estimation. 

In this study, the searcher proficiency for small birds and bats was found to be similar after 

approximately 25 days, with the largest difference seen initially after carcass placement when 

the carcasses were fresh. An approximate 15 percent difference is seen between searcher 
proficiency in birds and bats with fresh carcasses. The searcher proficiency for birds and bats 

approached 2 percent after 30 days. This finding has implications for interval length in post-

monitoring studies, where this study points to shorter intervals in order to maximize the chance 

of detecting a carcass on the ground. 

Carcass Persistence is a Time-based Process 
For small birds, an initial 10-15 percent loss in total numbers can be expected in the first few 
days after first appearance. For bats, the initial loss rate is smaller, ranging from zero to 

approximately 6 percent. Again, this finding for bats may not be expected based on the current 

literature. In this study, the persistence probability for small birds was 50 percent at 

approximately 10 days, and less than 20 percent after 40 days. For bats, however, the 

persistence probability was approximately 50 percent at 25 days, and did not drop below 20 
percent over the course of the study. 

Carcass persistence curves can be a function of seasonal effects. Persistence curves for both 

small birds and bats differ over the course of the study timeframe.  

Small birds have lower time-dependent persistence than bats 
Based on this study, bats persist longer on the field than birds. While the relative time-process 

of persistence will be site-specific (at other sites the predator population may prefer bats), the 
finding of an increased persistence of bats relative to birds has implications for the ability of 

estimating equations to work well without a well-defined and rigorously tested persistence 

curve for bats. Coupling the longer persistence with the lower detection rates of bats as 

compared to birds could lead to gross error in the expected fatality of bats if new bat-specific 

estimating equations are not fully developed and tested. Indeed, because bats persist for 
relatively long periods and are difficult to see on the ground, the interaction of searcher bias 

and detection proficiency plays a significant role in accurately estimating bats. In particular for 

bats, long-term field trials rigorously designed to generate time-based searcher detection 

proficiency and carcass persistence rates will be critical to accurate estimation of bat fatality. 

Carcass persistence is best fit with a Weibull distribution 
The assumption of an exponential decay function in many existing equations was not directly 

tested in this study. A two-parameter Weibull function, which provides greater flexibility than 

the simple exponential assumptions, is shown to work well within the study conditions. As 
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noted in Chapter 3, the constant hazard assumption of the exponential function may not be 

realistic if older carcasses appear less attractive to scavengers, as shown in this study. The 

Weibull family of functions can be used to model carcass persistence without the assumption of 
constant hazard. 

Summary of Estimating Equations Analysis 
Existing fatality estimating equations assume that fatalities (and the corresponding occurrence 

of carcasses in a search plot) are randomly distributed over time. Because the experimental 

design of the CalWEA study did not allow for carcasses to be placed at random temporal 

intervals, direct calculation and comparison of the estimating equations against the known true 
number of birds and bats was not an appropriate test. Instead, equation properties and implicit 

assumptions were evaluated mathematically and the findings assessed in light of the findings 

from the field study.  

The Existing Estimators All Introduce Some Bias 
The CalWEA field study’s finding that both searcher proficiency and carcass removal are time-

dependent processes violates a common assumption of the four existing estimators that all 
carcasses are independent. This could easily be the case in this study where some carcasses 

specifically persisted and were not detected by the end of the study, indicating a lack of 

independence among the carcasses with respect to the two time-based processes. 

If both searcher proficiency (   ) and mean persistence time (   ) are uncertain or variable, 

perhaps because they depend on covariates (grass height, etc.) that themselves are variable or 

perhaps simply because they must be estimated from data, then there is still a linear relation for 
the expectations for independent unbiased estimators  ̂   of     and  ̂   of    . Bias enters, 

however, when they are made the non-linear transformation of solving for    .  

Another common assumption, that quantities are either constant or are sufficiently well 

represented by their averages, is also false. Both discovery by search teams and removal by 

scavengers and weathering are more difficult in areas or time periods within the study region 

where and when grass is taller, or light less available. Fortunately, these too are somewhat 

compensatory, but more elaborate modeling would be required to remove their effects entirely. 
Estimating     and     by imperfect estimators     and  ̂   does introduce some bias for all the 

estimators considered here, a rather technical issue sketched in Chapter 3. 

Key Assumptions Distinguish the Estimators 

Each of the equations evaluated contains implicit assumptions pertaining to the nature of the 
rate of bird/bat fatality during the search interval, the distribution of carcass persistence times, 

and whether carcasses that persist from one search interval to the next are considered 

“discoverable” during a subsequent search. These distinguishing assumptions are summarized 

in Table 9.  
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Table 9: Key Assumptions Distinguishing Estimators Reviewed 
Equation Key Assumptions 

Erickson & Johnson (1998)   
  : The system is in equilibrium at each search.        ,  

Shoenfeld (2004)   
 :Carcass persistence times have exponential distributions.  

  
 :All carcasses (both old and new) have the same probabilities of 

discovery    . Undiscovered carcasses are no harder or easier to find 

than those that were discovered— i.e., discovery failures are entirely 

random. 

  
 :The lengths    , rates of mortality     and removal    , and the 

proficiencies     are approximately constant over consecutive time 

intervals.  

Pollock (2007)   
 :Each period begins with no discoverable carcasses 

Huso (2011)   
 : Carcass persistence times have exponential distributions.  

  
 : Each period begins with no discoverable carcasses.  

 
Source: Dr. Robert Wolpert 

 

An important contribution of this analysis is the concept of “bleed-through” – the idea that 

every carcass not discovered and removed in a search, and does not persist due to scavenging, 

weathering, or other natural processes, remains for possible discovery in later searches. Both 
Erickson-Johnson and Shoenfeld’s estimators assume 100 percent bleed-through. Huso’s 
estimator assumes zero percent bleed-through – none of the carcasses not removed (by searchers 

or scavengers) are ever discovered in subsequent searches. Pollock’s estimator uses an “average 

probability a carcass is unremoved until the search” (pij) rather than the more commonly used 

“mean persistence time” (tij). But as with Huso’s estimator, Pollock’s implicit assumption is that 

each period begins with no discoverable carcasses (“old” carcasses are never discovered). 

Length of Search Interval Relative to Persistence Time is a Key Determinant of Bias 
When search intervals are long with respect to persistence times, the influence of this “carcass at 

the beginning of the search interval” assumption is minimized and the estimators are nearly 

unbiased and provide very similar answers. However, for very short search intervals (a 

growing tendency in the wind industry), the bias in some equations can be large, and the 
equations can provide very different results. Figures 20-21 illustrate this point, showing the 

range of bias in fatality estimates obtained using the various estimators with different search 

intervals and bleed-through rates (theta = 0, 1 or 0.5), for given removal rates α = 1 and 0.5.   
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Figure 20: Comparison of Bias in Estimators at Various Search Intervals 
and “Bleed Through” (θ) Assumptions with Removal Rate α= 1 

 

 
Where θ represents the percentage of carcasses neither discovered nor removed during  

one search interval that remain available to be discovered in later searches  
 

Source: Dr. Robert Wolpert 
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Figure 21: Comparison of Bias in Estimators at Various Search Intervals 
and “Bleed Through” (θ) Assumptions with Removal Rate α= 0.5 

 

Where θ represents the percentage of carcasses neither discovered nor removed during  
one search interval and remain available to be discovered in later searches  

 
Source: Dr. Robert Wolpert  
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The degree of bias among the equations is a function of many issues but, in all cases, it is a 

function of the inherent assumptions underlying the equation characteristics. Even when 
biased, if search intervals are long relative to mean persistence times, all four estimators give 
about the same answers. But if search intervals are short relative to mean persistence times, 

large differences among the equations are possible. In fact, it is very possible that, with short 

intervals, the results of the equations could differ by a factor of 3 or 4. For example, Shoenfeld’s 

and Huso’s estimators will differ by a factor of 3 or 4 or so if the search proficiency is 25 percent 

or 33 percent or so, because Huso assumes zero percent bleed-through and Shoenfeld assumes 
100 percent bleed-through.  

 

Conclusions and Recommendations 
CalWEA’s study provides new insights that could enhance the existing methods and 
procedures found in the Guidelines and other pre- and post-construction fatality monitoring 

guidelines used in the United States and internationally. Four major implications of this work 

and the corresponding recommendations are outlined here.  

(1) Traditional fatality estimators do not account for time-dependence of carcass 

persistence and searcher proficiency, or for “bleed-through.”  

Recommendation: Use the proposed new Partial Periodic Estimator and integrated 

detection probability trial method (proposed in Appendices A and B, respectively). 

(2) Traditional estimators can have high degrees of bias depending on the search 

interval, mean persistence, and bleed-through rate (theta) of the field data collected.  

Recommendation: Do not use traditional estimators in conditions that produce levels 

of bias that are unacceptable for the intended purpose. Caution is particularly 
warranted where short search intervals have been used. 

(3) Use of traditional estimators has resulted in an unknown degree of bias in the 

literature.  

Recommendation: Carefully consider the value of metrics like “industry average” 

before applying them in policy or project-specific decisions. 

(4) Previously generated fatality estimates used for project evaluation or broader 

purposes could be recalculated using the proposed new Partial Periodic Estimator, 

provided the key input variables (search interval, mean persistence, etc.) can be 

collected from the original studies and reasonable assumptions made about searcher 

proficiency probability distributions and theta values.  
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Recommendation: Going forward, use a standardized approach to generate unbiased 

project-specific results that may be compared with each other, and to generate 

meaningful and unbiased industry averages and totals. 

These implications and recommendations are briefly discussed here. 

Current estimators do not account for time-dependent processes and “bleed-through.” 
Detection probability is now known to be sensitive to time-dependent processes of carcass 

persistence, searcher proficiency, and bleed-through (theta), and that the traditional fatality 
estimators do not account for these influences. Therefore a new Partial Periodic Estimator 

(Appendix A) and an integrated detection probability field-trial methodology (Appendix B) are 

proposed and recommended that incorporate: 

 Trials for searcher proficiency & carcass removal rates conducted simultaneously (vs. 

independent trials)  

Further, the Guidelines on these issues are recommended to be revisited. 

Care must be taken to avoid unacceptable bias when using current fatality estimators. 
The four traditional fatality estimators reviewed (Pollock, Erickson & Johnson, Shoenfeld and 

Huso) are now shown to have high degrees of bias depending on the search interval, mean 
persistence, and the proportion of bleed-through (theta) occurring in the field. Therefore these 

estimators are not recommended for use in conditions that produce unacceptable levels of bias 

(see Figures 20-21) unless biases can be corrected.  

Note that “unacceptable” bias depends on circumstance and degree of accuracy needed.  

 The inaccuracy of an estimate for a specific project may or may not be of consequence. 

 The importance of accuracy or just precision depends on the sensitivity of the species, 

regulatory requirements, etc. 

While individual project results are likely to be inaccurate, precise comparisons internal to a 
given project may still be useful provided the project studies are consistent with each other. 

Use of previous study estimates  
Previously generated study estimates can be used with some confidence in decision making 

where a persistence trial has produced a reliable mean value, providing that mean persistence 

time is shorter than the search interval (noting also that, in some cases, mean persistence will 

also have to be recalculated because of some common errors in methods of calculating this 
mean). If the persistence time is longer than the search interval, the estimate will be unreliable. 

If the mean is comparable to the search interval, the estimate will vary in the range of 30-40 

percent. 
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Caution should be taken with metrics such as “Industry Average” 

The findings in this project highlight the degree of difficulty that occurs when comparing 

mortality estimates among individual studies, particularly when the individual studies are not 

conducted with a standardized survey design. A number of factors make between-study results 
difficult, and also negate the ability to compare the results from a single study to an industry-

wide average. For example, the following elements can negate the ability to compare mortality 

results on a national or state-wide basis: (1) differing approaches to treating the resulting survey 
data (e.g., compiling data across individual turbines), (2) differing approaches to calculating 

inputs to the estimating equations (e.g., estimation of mean persistence time), (3) the use of 

different equations, and (4) inconsistent survey design and field methods.  Any industry 

average, therefore, will reflect a large variation among sites not due to variation in mortality, 

but due to the specific methods used to generate the mortality values.  Therefore, a 

standardization of methods used to evaluate wind facility impacts is recommended, based in 

part on the findings of this report. 

Considerable caution is in order when comparing individual project estimates to industry 

averages, given the possible level of bias in, and lack of comparability among, each of the source 

studies that are used to calculate the industry average. Similar cautions are in order when 
considering national total mortality figures.  

 

Future Research 
The results and findings of this study provide insight into needed changes in current 

monitoring practices and fatality estimation procedures at wind facilities. The existing 

estimating equations could be enhanced and improved with the addition of time-dependent 
processes for searcher proficiency and carcass persistence that are a function of environmental 

conditions. Appendix A presents a proposed new equation that incorporates these terms, and 

Appendix B outlines the key components for detection probability trial survey methods to 

support the proposed new estimator. Field testing the new estimating equation and protocols 

was beyond the scope of this study and report. 

The Altamont study site provided a unique venue for studying fatality under changing 

conditions, and while all of the findings of this study will not directly translate to other sites, the 

general principles and findings should be applicable. The major findings of this study should 
hold generally for all wind facilities. However, the degree to which the vegetation height, time-

based searcher efficiency, and other factors that were found influential in this study are 

transferable to other locations and conditions is explicitly unknown. Therefore, additional 

studies may provide insights on fatality estimation as a function of topographical, 

climatological, and environmental conditions. 
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APPENDIX B:  
A New Survey Method for Detection Probability Trials 
for Partial Periodic Estimator 
Introduction 
This study identified and explained major influences on detection probability for periodic 

searches of bird and bat fatalities.  These discoveries led to the creation of a new Partial Periodic 

Estimator (Appendix A), which requires modifications to the traditional survey methodology.  

The following lays out the framework for wind energy fatality monitoring surveys and 

detection probability trials that support the new estimator and account for the major influences 

on detection probability.  

1. Time dependent carcass persistence and searcher proficiency:  It has been well 

documented that carcass persistence is dependent on carcass age, and this study shows 

that search proficiency is also dependent on carcass age. 

2. Carcasses can persist through multiple search intervals, allowing for multiple detection 

events:  Some of the previous fatality estimation equations (e.g., Pollock and Huso) do 

not account for the common occurrence of carcasses being deposited in one search 

interval that persist into subsequent intervals and are detected at a later date.  The 

Partial Periodic Estimator measures this “bleed-through” process with a new term, 

“theta,” which is the proportion of undiscovered carcasses that remain discoverable.  

3. Other covariates such as vegetation height can also have strong influences on detection 

probability. 

Preliminary Scavenger Removal Trial  
Before a main study begins, a preliminary traditional 60-day scavenger removal trial is required 

to estimate the ballpark mean persistence of carcasses (bats, small birds, and large birds) and 

variation in removal times.  The recommended main study search interval is equal to the 

shortest mean persistence of the three carcass types placed.  The recommended main detection 

probability trial length is three times the mean persistence of the longest persisting carcass type.  

The number of carcasses used in the main detection probability trial for each size category 

should be based on the variation of removal times. 

Main Study Detection Probability Trial 
Carcass Placement 
Carcass placement timing should occur to simulate the assumed steady random rate of deposit.  

Carcasses should be placed at random positions in a search area to account for covariates such 

as vegetation height and slope.  Carcasses should be marked to distinguish them as trial 

carcasses and not true fatalities.  Carcasses should be mapped with sub-meter accurate Global 

Positioning System (GPS) receivers, or their positions should be cryptically marked to help a 

project field manager certify their presence while keeping field technicians blind to their 
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presence.   Main study detection probability trials should occur at least once per season, and the 

trial length should be equal to three times the mean persistence of the longest persisting carcass 

type in the preliminary scavenger removal trial.  All carcasses should be placed at monitored 

wind turbines. 

Integrated Carcass Persistence and Proficiency Detection Events 
For any given carcass and search, the probability of persistence and detection (searcher 

proficiency) are both time dependent and dependent on one another.  This makes it highly 

effective and desirable to measure these outcomes together in an integrated trial, rather than in 

two independent trials.   

After placing trial carcasses strategically at monitored wind turbines, carcass persistence and 

searcher proficiency needs to be measured.   

To establish carcass persistence, a traditional scavenger removal trial schedule of carcass checks 

is recommended for all trial carcasses –the project field manager checks carcasses every day for 

the first week, every three days for the next two weeks, and then every seven days until all 

carcasses are removed or the end of the trial is reached.  In addition to the traditional schedule 

of carcass checks, supplemental carcass checks should occur for trial carcasses on search days.  

Note that many of the supplemental carcass checks will overlap with the traditional schedule of 

carcass checks and will not require extra effort.  Carcass checks of trial carcasses on the day of 

searches should be conducted after field technicians complete their searches to maintain the 

searchers’ blindness.   

To establish searcher proficiency, field technicians record all marked carcasses they detect while 

conducting their standard scheduled searches.  They should be instructed not to disturb these 

marked carcasses; they are left in place for future project field manager persistence carcass 

checks.  Because the project field manager conducts carcass checks of trial carcasses on search 

days, the true persistence status of those trial carcasses is known; therefore negative searcher 

detections can interpreted as either a searcher’s miss of a persisting trial carcass or that the trial 

carcass was removed by scavengers.   

Integrating the carcass persistence and searcher proficiency trials can simultaneously produce 

time dependent carcass persistence and searcher proficiency functions for the same set of trial 

carcasses. 

Search Interval Bleed-through of Carcasses: Theta 
The final term that needs to be measured for the Partial Periodic Estimator is theta, the fraction 

of undiscovered carcasses that remain discoverable over time through multiple search intervals.   

Because trial carcasses are placed to simulate a random steady state of deposit at monitored 

wind turbines and the persistence and detection of trial carcasses are tracked, the number of 

trial carcasses that are not detected and not removed in one interval that persist to be possibly 

detected in a subsequent interval can be measured. 
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Collateral Data and Advantages to the New Method 
Because a preliminary persistence trial is conducted first, proper trial carcass sample size, trial 

length, and search interval can be established for the main monitoring program ahead of time.  

This will introduce an evidence-based approach rather than guessing or using a “rule-of-

thumb” to establish these aspects of the program.   

The data collected from the new method can be used to source estimates for all four traditional 

fatality estimation equations reviewed in this study.  The traditional persistence carcass check 

schedule is conserved, and the traditional simple initial fresh carcass searcher proficiencies can 

be extracted from the initial detection outcome of this method.  This can allow for easy 

comparisons of estimator results to compare to previous studies that used other estimators.  In 

addition, a remarkably simple empirical estimator is also sourced by the data collected and can 

be used as an independent check on the Partial Periodic Estimator.  The number of total 

searcher-detected trial carcasses divided by the number of placed trial carcasses should be equal 

to (or close to) the overall detection probability derived by the Partial Periodic Estimator.  This 

is because the effects of the integrated time dependent probabilities of carcasses persistence and 

searcher proficiency as well as the bleed-through theta mechanism are implicit in the 

proportional detection outcomes of this new method.    

Overall, this new method and estimator are much more sensitive to the major influences that 

affect detection probability, reducing bias and improving the predictive power of estimating the 

impacts of wind turbines on wildlife. 
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APPENDIX C:  
Data Dictionary & Data Fields Used for Recording 
Carcasses 

Table C-1: Data Dictionary 

Variable Description Units 

ID Unique record identifier for all data rows Number 

Date Date that a status check or search took place Julian date format 

String 

Unique identifier for a collection of turbines 

where trial carcasses were placed and 

searches occurred 

Unique number 

Species 
The species or unknown species 

determination (ex UNRA, unknown raptor) 
AOU species code 

Photo Unique identifier per photo Photo number 

Sex 
The sex determination of trial carcasses, if 

known 

U=unknown; M=Male; 

F=Female 

Age The age class of the trial carcass, if known 
A=adult; J=juvenile; 

U=unknown 

Class The group status of trial carcass, Bird or Bat Bird or Bat 

Grid_Cell 
The dominant grid cell that the carcass 

occupies on specified date 
Alpha-numeric map key 

PositionID 
ID at time of search, based on last known 

position 

Carcass_ID + position 

modifier 

AssignedID 
ID after QA and analysis, may combine 

several unknown or found IDs 
Carcass_ID 

PID 

An identifying number for the project field 

manager who conduct the status check. 

Searcher that conduct the search 

See data file for codes 

Person Project field manager or field technician Name 

SearchDay 
Does record represent a day when searchers 

were present 
Yes / No 

DetectionStatus 
The detection outcome generated by a status 

check or search 

P = placement of carcass;  

F = found carcass;  

NF = a not found carcass; 

NC = a not checked carcass 

position (only after many 

prior checks, and 

assurance that carcass has 

been removed) 
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Variable Description Units 

DetectionType 

 

 

 

 

 

 

 

The type of detection (if detected)* 

 

 

 

 

* If a specific carcass was ever detected during the 

study, it was considered a detection. 

S: Found during standard 

status check without 

additional effort;  

F: Found during flushing 

search around last known 

location of carcass;  

I: Found incidentally at 

unknown position without 

systematic search;  

0: Found but not enough 

evidence to be considered 

fatality;  

M: Found carcass due to 

Marker (FM) or Did Not 

Find the Marker (NFM) 

PositionPresence Indictor of carcass presence at time of search 1=present; 0=absent 

AssignedPresence 
Indicator of carcass presence after analysis 

and QA 
1=present; 0=absent 

Veg_HT Vegetation height Inches 

ScavengerIndex 
A subjective index of the carcass “attraction” 

to a scavenger on a day 

Index 1: Fresh carcass and 

very attractive for 

removal/scavenging;  

Index 2: Partially 

scavenged or decayed 

carcass , moderately 

attractive for 

removal/scavenging;  

Index 3: Completely 

scavenged or decayed (no 

remaining edible or 

attractive tissue), low 

attraction for 

removal/scavenging  

GPSMarkID 
Garmin record ID; allows sync with latitude 

and longitude 
Number 

Latitude Position where carcass found during search GPS Lat 

Longitude Position where carcass found during search GPS Long 

Note 
Any field notes made by searcher or project 

field manager 
Text 

BlockNum 
Block ID: contains multiple strings searched 

in a consistent time period 
Ranges from 1 – 4 

DistanceSighted Distance from searcher to found carcass Meters 
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Variable Description Units 

TrialCarcass Indicator of a trial carcass placed at t=0 Yes / No 

TemperatureHighF Daily high temperature Degrees F 

TemperatureAvgF Daily average temperature Degrees F 

TemperatureLowF Daily low temperature Degrees F 

DewpointHighF Daily high dewpoint Degrees F 

DewpointAvgF Daily average dewpoint Degrees F 

DewpointLowF Daily low dewpoint Degrees F 

HumidityHigh Daily high humidity Percent  

HumidityAvg Daily average humidity Percent  

HumidityLow Daily low humidity Percent  

PressureMaxIn Daily maximum pressure mmBars 

PressureMinIn Daily minimum pressure mmBars 

WindSpeedMaxMPH Daily maximum wind speed Miles per hour 

WindSpeedAvgMPH Daily average wind speed Miles per hour 

GustSpeedMaxMPH Daily maximum wind gust speed Miles per hour 

PrecipitationSumIn Daily total precipitation Inches 

RELEV 
Elevation (feet) of nearest grid cell at the 

ridge crest 
Feet 

VELEV 
Elevation (feet) of nearest grid cell at the 

valley bottom 
Feet 

DELTAELV 

Change in elevation (feet) between nearest 

ridge crest and nearest valley bottom. 

Measure of slope size 

Feet 

TOTDIST 

Total horizontal distance (feet) between 

nearest valley bottom and nearest ridge crest. 

Measure of slope size. 

Feet 

RDIST 
Horizontal distance (feet) between grid cell 

and nearest ridge crest 
Feet 

VDIST 
Horizontal distance (feet) between grid cell 

and nearest valley bottom 
Feet 

DEMELV 
Elevation (feet) of target grid cell centroid, 

according to digital elevation model 
Feet 

ASPECT 
Degrees from true north toward which the 

grid cell faces 
Degrees  

SLOPE 

Percentage slope of grid cell, determined by 

trend with nearest grid cell in the uphill 

direction and with the nearest grid cell in the 

downhill direction. Measures local slope. 

Percent  
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Variable Description Units 

SLPBIN Slope values aggregated into bins Percent  

VPLYDIST 

Horizontal distance (feet) between grid cell 

and nearest grid cell along boundary of the 

closest valley bottom polygon. 

Feet 

VPLYELV 

Vertical distance (feet) between grid cell and 

nearest grid cell along boundary of the 

closest valley bottom polygon. 

Feet 

RPLYDIST 

Horizontal distance (feet) between grid cell 

and nearest grid cell along boundary of the 

closest ridge top polygon. 

Feet 

RPLYELV 

Vertical distance (feet) between grid cell and 

nearest grid cell along boundary of the 

closest ridge top polygon. 

Feet 

Within slope hazard 

zone? 

Whether grid cell occurs within a ridge 

saddle, break in slope, or other slope feature 

determined to be more often used by flying 

raptors. This determination was judgment 

based, and not the product of modeling. 

1=yes; 0=no 

Gross slope 

Average slope from nearest valley bottom to 

nearest ridge crest, measured as ratio of 

elevation difference and total slope distance. 

Ratio (%) 

Distance ratio 

Ratio of horizontal distance (feet) between 

grid cell and nearest valley bottom and of 

distance between grid cell and nearest ridge 

crest. Values of #DIV/0! in this ratio occurred 

for grid cells at the ridge crest; repairs were 

left to the analyst. 

Ratio (%) 

Elevation ratio 

Ratio of vertical distance (feet) between grid 

cell and nearest valley bottom and of vertical 

distance between grid cell and nearest ridge 

crest. Values of #DIV/0! in this ratio occurred 

for grid cells at the ridge crest; repairs were 

left to the analyst. 

Ratio (%) 

 

Source: EcoStat, Inc. 
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Table C-2: Master Data Fields Used in Recording Carcasses Found  

Recorded Master Data Fields 

Record ID: Unique record identifier for all data rows. 

Date: Date that a status check or search took place. 

String: Unique identifier for a collection of turbines that trial carcasses were placed and searches 

occurred. 

Species: The species or unknown species determination (ex UNRA, unknown raptor). 

Sex: The sex determination of trial carcasses, if known. 

Age: The age class of the trial carcass, if known. 

Class: The group status of trial carcass, Bird or Bat. 

Grid Cell: The dominant grid cell that the carcass occupied on specified date. 

Carcass ID: The unique identifier for marked placed trial carcasses, naturally detected carcasses, and 

unknown marked carcasses. 

Assigned ID: The assigned carcass ID for unknown marked carcasses based on proximity to known 

carcass ID positions and presence status. 

P_ID: Identifying number for project field manager who conducted status check, and searcher who 

conducted search. 

Search Outcome: The search outcome, whether a carcass was detected on a day Yes/No. 

Presence: The known presence of a carcass on a day Yes/No. 

Vegetation height: The vegetation height measure at the position of the carcass. 

Scavenger Index: A relative index of carcass condition.  

  Index 1: A fresh carcass. 

  Index 2: A partially scavenged or decayed carcass. 

  Index 3: A completely scavenged or decayed (no remaining edible tissue). 

Recorded Master Data Fields 

Topo: A topographical feature that the carcass position occupied. 

Detection status: The detection outcome generated by a status check or search. 

  P: Placement of a trial carcass 

  F: Carcass found 

  NF: Carcass not found 

  NC: Carcass position not checked 

Detection type: The type of detection (if detected). 

  S: Found during a standard status check without additional effort. 

  F: Found during a flushing search around the last known location of a carcass. 

  I: Found incidentally at an unknown position without a systematic search. 

  0: Found but not enough evidence to be considered a fatality. 

  M: Found carcass due to the Marker (FM) or Did Not Find the Marker (NFM). 

 
Source: EcoStat, Inc. 
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Table C-3: Data Collected by Project Field Managers for Unknown Carcasses 

Date mm/dd/yyyy 

Project Field Manager Project field manager initials. 

String String number. 

Start and End Time 24 hour time. Time when the field technician arrived at the 

string and left after completing the search. 

Grid Cell Alphanumeric cell address indicating the position of the fatality 

remains. 

Species Project field manager’s best understanding of species 

identification. 

Nearest Turbine The closest complete turbine to the evidence of fatality. 

Distance Distance (in meters) from evidence of fatality to Nearest 

Turbine. 

Bearing Compass bearing from the Nearest Turbine to the evidence of 

fatality. 

Latitude Longitude GPS NAD 24 CONUS hddd.ddddd 

Carcass sign One or more code can be entered. Coded categories of carcass 

sign for evidence of fatality: 

F = 10 or more feathers 

W = partial or intact wing or wings 

T = partial or intact tail 

PB = body parts or partial body 

WB = complete whole body 

H = partial skull or complete head 

Photo number Camera letter and photo numbers. 

Vegetation height The vegetation height (in inches) at the position of the evidence 

of fatality. 

Marked Yes or No indicating whether the fatality legs and wings were 

taped or whether the flight feather (wing and tail) were clipped.  

Carcass ID If the legs were taped, the number indicated was recorded. 

Scavenger Index A relative rating of carcass condition: 

1 – Fresh 

2 – Partially scavenged or decayed 

3 – Completely scavenged (feather spots or bones) or very 

decayed 

Notes  
 
Source: EcoStat, Inc. 

 



Exeutive SummaryRobert L. WolpertThe four estimating equations onsidered here all represent quite similar attempts toestimate the atual number of avian fatalities in a spei�ed area during eah of a sequeneof time intervals from ounts of arasses. For a variety of reasons some arasses may notbe ounted: some may have been removed by savengers, some may have fallen outside thesearh region, and searhers may fail to see some arasses. The four equations di�er in theassumptions they make in order to adjust for these missing arasses.Two of the estimation equations, those of Erikson, Johnson, et al. and of Shoenfeld,assume that searh teams will �nd both \new" arasses (those killed during the urrent timeperiod) and \old" ones (those killed during earlier periods, but not removed by savengersor searh teams). Old and new arasses are assumed to be equally likely to be removed bysavengers, and equally likely to be disovered in a subsequent searhes. These estimatorswill under -estimate true mortality if these assumptions are wrong.Conversely the other two estimation equations, those of Pollok and of Huso, beginwith the assumption that all arasses ounted are new (i.e., died during the urrent timeinterval). Both will over -estimate true mortality if this is wrong.Shoenfeld's estimator always exeeds that of Erikson, Johnson, et al., beause the latterassume (inorretly, in pratie) that searh teams do not remove arasses. Huso's esti-mator is idential1 to a speial ase of Pollok's: the ase in whih savengers are assumedto remove fresh arasses and old ones at the same rates (tehnially, that the \persistenetime" before savengers remove a arass have \exponential" probability distributions). Pol-lok's estimator does not require that assumption. For exponential persistene times, theestimators of Erikson, Johnson, et al., Shoenfeld, Pollok, and Huso are ordered onsistentlyM̂EJij < M̂Sij < M̂Pij � M̂HijAll four give similar estimates when the interval between searhes is long ompared tomean arass persistene times, but di�erenes among them are larger when searhes aremade more frequently to redue the loss of arasses to savenging. With frequent searhes,M̂Pij and M̂Hij an be as muh as three or four times larger than M̂Sij for small birds. The keyissue, then, to guide the hoie of estimators, is:What fration of arasses missed by a searh team mightstill be disovered as \old" arasses in a later searh?If that fration is 100% then Shoenfeld's estimator M̂Sij is most aurate on average if searhteams remove the arasses they disover, and Erikson & Johnson's M̂EJij if they don't.If that fration is 0% then Polloks's estimator M̂Pij is most aurate on average, with theside bene�t that it does not require the \exponential distribution" assumption.If that fration is somewhere between 0% and 100%, then some sort of ompromisebetween M̂Sij and M̂Pij is alled for. Suh a ompromise is proposed and desribed in AppendixA, A New Equation for Estimating Avian Mortality Rates.1Exept that Huso's estimator is inated by about 1% in the rare ase when intervals between onseutivesearhes are more than 4.6 times the average length of time before savengers remove a arass.1
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Figures Illustrating Equation BiasesFigures 1{6 below show eight-week simulations of arass arrivals and removals by sav-engers as stair-step urves inreasing at eah arrival and dereasing at eah removal, withsearhes at spei�ed intervals from two to 56 days. Carasses disovered and removed areindiated by downwards pointing red arrows; expeted numbers of arasses are indiatedby smooth blue urves.Figures 1{3 assume exponential distributions for persistene times (so savengers removefresh and older arasses at the same rates), while Figures 4{6 assume Weibull removaldistributions with parameter values suggested by our data.Figures 1, 4 assume that only \new" arasses an be disovered, so eah urve beginseah searh period with zero arasses. This assumption underlies Pollok's and Huso'sestimators, so their bias is zero in the exponential persistene ase, Figure 1 (and, for Pollok,also for Weibull persistene, Figure 4).Figures 3, 6 assume that 100% of old arasses remain disoverable, so eah urve beginsat the point of the red arrow (indiating that arasses disappear only beause of their disov-ery by searh teams). This assumption underlies Erikson, Johnson, et al.'s and Shoenfeld'sestimators, so Shoenfeld has no bias in Figure 3. Erikson, Johnson, et al. still underestimateMij there beause of their assumption that searh teams don't remove arasses.Finally, �gures 2, 5 take the ompromise position that (on average) 50% of undisoveredarasses will remain disoverable; typially here Erikson, Johnson, et al.'s and Shoenfeld'sestimators will underestimate, while Pollok's and Huso's will overestimate.Below eah of these thirty plots is a table giving the bias (as a perentage of the truth)for eah of the four estimators (or �ve, for Weibull distributions, where results for bothexponential and Weibull versions of Pollok's estimator are reported).All the biases are smaller for long searh intervals (at the top of eah �gure) and greater forshorter ones (at the bottom of eah �gure). Huso's estimator is idential to the exponentialversion of Pollok's, and so has the same bias in every ase. The new estimator desribed inAppendix A, A New Equation for Estimating Avian Mortality Rates, has zero bias in all ofthese ases.
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Figure Walk-throughRobert L WolpertOtober 26, 20121 IntrodutionFigure (1) shows two views of the same simulated two-week period, in whih fatality oursat a rate of about one per day and in whih weekly searhes were made with pro�ienysij = 30%. Carass persistene is exponentially distributed with mean tij = 15 d, and� = 50% of undisovered arasses remain aross searh intervals (those that do not remainmight be thought to have deayed). Table 1 shows the arrival time and fate of eah arass.Upper FigureEah fatality is shown in the upper \Time line" �gure as an \�" mark, followed by ahorizontal line that indiates the fate of this partiular arass.Carasses eventually removed by savengers are shown in red, with a red dashed red lineextending from a red ross \���" marking the fatality to an open irle \��Æ" markingthe removal. Vertial position in this plot is another indiator of persistene| points aresorted so the arasses removed most quikly are at the top, those removed most slowly atthe bottom (for more on this see p. 3 below).Carasses eventually disovered in searhes are shown as solid blak lines, beginning at ablak \�|" marking the fatality and ending at one of the weekly searh times on days zero,seven or fourteen. Disoveries are marked by blak �lled irles \|�" for \new" arasses,i.e., those from the searh week, while \old" arass disoveries are marked with rossedsquares \|��".Finally, undisovered arasses that beome undisoverable are marked by faint dottedblue lines, beginning at a blue ross \� � � � " marking the fatality and ending uneremoniouslyat a searh time. We'll disuss the urved lines in the top �gure below on p. 3.Lower FigureThe ground \Carass Count" is shown in the lower �gure as a stair-step urve G(t) thatindiates the number of disoverable arasses on the ground at eah time t. Betweensearhes, this inreases by one with eah new fatality and dereases by one with eah removal1
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by savengers. After eah searh time, G(t) drops by the number of arasses disovered andremoved by the Searh Team, whih is indiated by a downward red \#". In addition, somearasses may \disappear" as they beome undisoverable (or perhaps deay); if so, G(t)will drop further to begin the next period at a value below the red arrow point, indiated byan open square \�". The number possibly disoverable at eah searh is shown by the �lledsquare \�".In the bottom �gure, the smooth blue urve shows the expeted number of disoverablearasses for the model assumed by the Pollok and Huso estimators| beginning eah periodwith zero arasses at a blue \Æ|", then rising smoothly over the period to a peak markedwith a blue \|�", then dropping to zero to begin the next period due to those estimators'assumption of \zero arasses beginning eah period", or \no old arasses". Those urvesgenerally lie below G(t), beause their \no old arass" assumption is false in this simulation,leading estimators M̂Pij and M̂Hij of Pollok and Huso to overestimate Mij on average.A Walk Through This SimulationThis simulation begins at time t = 0 with G(0+) = 2 disoverable arasses present, theremnants of the arrivals, removals, and weekly searhes from 50 earlier simulated days (notshown) generated to ensure that this two-week period would be typial. Sixteen additionalsimulated fatalities ourred between days 0 and 14, about what one would expet for anaverage daily mortality of mij = 1= d.The �rst new fatality ours 0:838 days (20 hours, 7.5 minutes) into the simulation,indiated by a red � at the top left in the upper �gure and by the unit inrease of G(t)by one (from 2 to 3) in the lower one. The top �gure shows that this arass is eventuallyremoved by savengers at time t = 2:015; this event is indiated in the lower urve by a dropof G(t) from 5 to 4.G(t) had risen to 5 by time t = 2:015 due to the seond and third fatalities, whih arrivedjust 41 minutes apart at times t = 1:27 and t = 1:30, inreasing G(t) by one at eah event.The earlier of these two is eventually removed by savengers at time t = 4:92, but the latterlasts long enough to be disovered by the Searh Team on day seven.The Day 7 SearhThe lower �gure shows that G(7) = 8 disoverable arasses were present for the day-7searh, and that three were disovered then (beause the red arrow \#" extends from 8 downto 5). Two of the three disovered arasses were \new" ones, that arrived at times t = 1:30and t = 2:41; the other one was an \old" arass, that arrived at time t = �0:17, four hoursand �ve minutes before the start of our two week-long simulation. Of the �ve arasses thatwere present but not disovered in the day-7 searh, two beame undisoverable (on averagewe would expet (1� �) = 50% of them to do so), leaving G(7+) = 3 disoverable arassesjust after the searh to begin the seond week.In the top �gure, the two arasses that beome undisoverable are indiated by blue\� � � � " marks beginning at times t = 3:58 and t = 5:90, and ending with the searh at
D-10



t = 7. That �gure also reveals the eventual fate of the other G(7+) = 3 arasses thatwere present but not disovered in the day-7 searh| one of them (the one that arrivedat t = 2:42) is eventually removed by savengers at time t = 13:78, just before the day-14searh, while the other two eventually beame undisoverable (deayed, perhaps), one onday 14 and one later (on day 21, as it happens).The Day 14 SearhThe searh on Day 14 disovered three arasses, all \new" (having arrived at times t = 10:50,11:77, and 13:23, all in the range (7; 14℄). Four arasses were missed in this searh: twothat arrived just minutes apart at t � 1:43, whih were also both missed in the searh onday 7 and both of whih are eventually lost to deay, one arriving at t = 13:23, also lost todeay; and one (the red � � �) arriving at t = 12:58, that will eventually be removed bysavengers at time t = 27:13 after eluding disovery in both the day-24 and day-21 searhes.The Curves in the Top FigureHeight in the top �gure is in fat the \quantile" of the persistene times| so half the arrivals(all marked by �'s) are in the upper half of the �gure, 10% in the top (or bottom) tenth, andso on. In fat, the sixteen arrival marks \�" are distributed perfetly evenly (or \uniformly")in the two-dimensional retangle with height 0 < y < 1 and width 0 < t < 14.The smooth blak urves in the upper �gure mark the earliest time a arass an arriveand still be unremoved by savengers at the next searh time. SO, every � outside all thetriangular regions marks the arrival of a arass that will be removed by savengers beforethe next searh (and so is red), while every \�" inside the triangular regions will still beon the ground at the time of at least one searh. If it is undisovered in that searh then itstill might be removed by savengers or to deay (and hene some of those marks are red �or blue �). More frequent searhes (smaller values of Iij, here 7) redue loss to savengingpreisely beause they redue the area outside these triangular regions, but evidently thereis a rapidly diminishing return on investment when Iij is redued far below tij (here 15 d),beause there is little remaining area outside the union of triangles; see Figure 2.
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Figure 1: Two graphial views of onseutive one-week searhes: Individual time-lines (top),Ground arass ount (bottom). Searh pro�ieny is sij = 30%; persistene is exponentialwith mean tij = 15 d; � = 50% of undisovered arasses remain disoverable for futuresearhes.
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Figure 2: The same simulation, but with Iij = 2-day searh intervals. Note fewer arasseslost to savenging, but only one more disovery (7 in the seven searhes on days 2,4,...,14).Serial Arrival Departure Fate�0:1703770 7 Dis�0:1270495 5:201678 Rem1 0:8383745 2:015476 Rem2 1:2684557 4:922724 Rem3 1:2967885 7 Dis4 2:4092051 7 Dis5 2:4233033 13:776822 Rem6 2:4236632 217 2:5218538 148 3:5768155 79 4:8454552 5:590141 Rem10 5:8996038 711 7:4934336 8:690271 Rem12 10:5000953 14 Dis13 11:7721292 14 Dis14 12:5795863 27:139489 Rem15 13:2330163 1416 13:3854000 14 DisTable 1: Arrival and depature times for the sixteen arasses appearing during period (0; 14℄and the two earlier arasses still present past time t = 0.
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Background 

�2007 CEC/CDFG Guidelines  
– Guidelines for Reducing Bird & Bat Impacts from Wind 

Energy Development 

�2008 CEC Research “Roadmap” on Impact 
Assessment Methods 

�2008 CEC PIER RFP 
�2009 CEC PIER Award to CalWEA 

– Address Guidelines’ Appendix F 

�2011 Supplemental FWS Grant to CalWEA 
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Project Goals 

� Improve the accuracy of methods for 
estimating the number of bird and bat fatalities 
associated with wind energy facilities  
 

�Provide guidance leading to improved 
procedures for mortality monitoring at wind 
energy facilities 
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Preview of Conclusions 

� Fatality estimators in use often produce biased results  

� This calls into question the appropriate use of 
traditional estimators where the error would be of 
consequence, whether for project-specific results, 
industry averages, or industry totals 

� Standardized methods are needed to generate fatality 
detection probabilities and fatality estimates 

� Our proposed new estimator produces unbiased 
results, and requires new field protocols 
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Field Study Design and Findings 
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Field Study Design Details 

� In all cases, prior to searches the true number and 
location of carcasses is known to PFMs, but not to FTs 

� Each string is searched for up to 60 days, or until all 
carcasses are removed 

� Strings selected to represent various environmental 
conditions, including grass  
height, slope, vegetation type 

� Carcasses are tagged and  
followed consistently  
throughout study period by  
PFMs 
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Survey Design Characteristics 

� January 7, 2011 – April 1, 2011 
� Weekly searches by FTs 
� PFMs sampled and noted carcasses approx. every  

3 days 
� Blocks of strings sampled simultaneously, surrogate 

for time changes in ecology 
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Small bird 
carcasses 

placed during 
study 

Bat 
carcasses 

placed 
during study 

Incidentally found 
carcasses added 

to study 

Study 
length 
(days) 

90 78 21 113 



FT conducting a search 
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Field Technician 

Searching in tall grass 
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PFM Status Check 



Searching in short grass 
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PFM Status Check 

Percent of Birds and Bats Observed 
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Species Detected 
1st observation 

Average detected 
over all trials for 

all observers 

Unique carcasses 
detected during 

study 

Bats 14.1% 8.1% 19.2% 

Small Birds 22.2% 17.0% 30.8% 

Large Birds 83.3% 67.7% 100% 



Searcher Proficiency: 
A Time Dependent Process 
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Searcher Proficiency: 
Dependency on Grass Height 

14 



Persistence Probability: 
Bats (Weibull Distribution, Mean = 43 days) 
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Persistence Probability: 
Small Birds (Weibull Distribution, Mean = 30 days) 
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Implications: Field Study 
� Carcass persistence is a time-dependent process, 

fits best with a Weibull distribution 

� Searcher proficiency is a function of time 

� Ecological conditions impact searcher proficiency  
(e.g., vegetation height) 

� Searcher proficiency for bats is considerably less 
than for small birds 

� Small birds have lower time-dependent 
persistence than bats 

� Above have implications for selection of estimation 
equation and equation inputs 
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Summary: Model Comparison 
Model Characteristics 

� Contrasting with lessons from the field work: 

– All models assume constant searcher proficiency 

– Some models assume an exponential distribution 
(fresh and older carcasses equally attractive to 
scavengers) 

� Some models assume bleed-through (Shoenfeld), 
some don’t (Huso, Pollock), and E&J assume 
equilibrium 
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Summary: Model Comparison 

� For exponential removal:  
 

Erickson & Johnson < Shoenfeld < Pollock < Huso  
 

� Even though biased, if search interval is long compared 
to mean persistence time:  

– All 4 estimators give about the same results 
 

� But, if search interval is short relative to persistence: 

– Differences among equations increase 
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Are Short Search Intervals Useful? 

� Short search intervals increase chance of bias 
– Short intervals do not allow system to reach equilibrium, 

inconsistent with E&J assumption 

– Huso and Pollock assume 0% bleed-through, therefore bias 
will occur if bleed-through is more 

– Shoenfeld assumes 100% bleed-through, therefore bias will 
occur if bleed-through is less  

� New partially-periodic equation allows for any bleed-through, 
therefore works very well with short or long intervals 
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Comparison of Bias in Estimators at Various Search Intervals and 
"Bleed-Through" θ Assumptions with Removal Distribution α = 0.7

Erickson θ = 0 Erickson θ = 0.5 Erickson θ = 1

Shoenfeld θ = 0 Shoenfeld θ = 0.5 Shoenfeld θ = 1

Pollock Exp θ = 0 Pollock Exp θ = 0.5 Pollock Exp θ = 1

Pollock Weibull θ = 0 Pollock Weibull θ = 0.5 Pollock Weibull θ = 1

Huso θ = 0 Huso θ = 0.5 Huso θ = 1



Recommendations 

Given the shortcomings of traditional estimators … 
   Traditional fatality estimators do not sufficiently account for 

– Time-dependent processes of carcass persistence and searcher 
proficiency, and 

– “Bleed-through” (the portion of carcasses persisting through a 
search interval that can be detected in subsequent search 
interval) 

 

… CalWEA’s Research Team developed and recommends: 
̶ New fatality estimator (“partially-periodic” presented above), and 

̶ Integrated detection probability trial methodology 
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Why Traditional Detection Trials 
Won’t Work 

� Traditional Searcher Proficiency Trials 
– Only fresh carcass detection events 

– One day trials 

 

� Traditional Carcass Persistence Trials 
– No way of measuring bleed-through 
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Requirements for a New Integrated 
Detection Probability Trial 

1. A preliminary traditional carcass persistence trial 

2. Strategic placement of trial carcasses  

3. Traditional schedule of carcass checks, with additional 
checks on the same day as scheduled searches 

4. Searchers record detected trial carcasses over 
multiple search intervals 

5. Measure the proportion of carcasses that persist 
(bleed-through) from one search interval to the next to 
derive the term theta 
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Analytical Products Gained From  
New Integrated Detection Trial 

1. Time dependent probabilities for carcass 
persistence and  searcher proficiency 
 

2. A measurement of theta (bleed-through) 
 

3. Traditional fatality estimator parameters are 
conserved 

26 



�Potentially faulty fatality estimates are 
being used in decision-making 

�Are the errors of consequence?  
– Accuracy vs. precision 

�Caution is required … 
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Conclusions 
Policy Decision Implications 

Conclusions 
Policy Decision Implications 

�Caution needed in determining: 
– National avian and bat mortality 
– Industry averages 
– Regulatory standards for monitoring  
– Numerical “thresholds” for post-construction monitoring  

and adaptive management requirements 

�Caution needed when comparing: 
– Specific project results to national industry averages 
– Intra-project results where study approaches have differed 
– Results among wind facilities 

�What degree of accuracy and precision is needed? 
 28 



Conclusions 
Study Design Implications 

�To generate accurate and comparable fatality 
detection probabilities and fatality estimates  
– Uniform, standardized methods are needed  

– Partially periodic equation produces unbiased results 

– New equation requires new field study protocols 
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Final Thoughts & Questions 

This webinar will be posted (early October) 
and the final report by (November)  

www.calwea.org  
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An estimator of wildlife fatality from
observed carcasses
Manuela M. P. Husoa*

Counts of animal carcasses are often used to estimate fatality caused by disease, environmental accidents (oil spills,
radiation leaks), or human structures (power lines, sky scrapers, wind turbines). The need to adjust raw carcass counts for
imperfect detectability to produce unbiased estimates of fatality has long been recognized, but the accuracy and precision of
some estimators used to make the adjustments have not been evaluated. In this paper, I formalize a conceptual model of
fatality and the factors that lead to imperfect detection, primarily removal by scavengers before searches can be carried out
and inability of searchers to find all remaining carcasses. I propose an estimator of fatality that adjusts for imperfect
detectability. Through simulation I evaluate the statistical properties (bias and precision) of this estimator and two others
commonly used to estimate fatality at wind power facilities, when sources and magnitudes of imperfect detectability vary.
None of the estimators was always unbiased under all conditions. Bias in the proposed estimator never exceeded W27%
whereas bias in the other two estimators was always negative and exceeded that of the proposed estimator in 98% and 93%
of the simulated conditions, respectively. The proposed estimator was relatively robust to variation in sources and
magnitudes of imperfect detectability, but was sensitive to distributional assumptions regarding carcass removal rates and
searcher efficiency. It offers significant improvement over two current estimators and provides relatively unbiased
estimates of fatality that can be applied under a variety of conditions and survey protocols. Copyright � 2010 John
Wiley & Sons, Ltd.

Keywords: bias; carcass persistence; detectability; searcher efficiency; search interval; wind turbines

1. INTRODUCTION

The problem of estimating numbers of fatalities over an extended period of time is fundamentally one of estimating abundance of a wildlife

population (Seber, 1982), albeit a morbid one. Members of the morbid population are imperfectly detected due to any of several possible

detection biases: (1) removal by scavengers; (2) imperfect detection by human or canine searchers; (3) site- and carcass-specific covariates

that may influence the first two, such as vegetation height, type and density, carcass coloration and size, or microtopography (Wobeser and

Wobeser, 1992; Philibert et al., 1993); and (4) fatalities that land outside or injured animals that move outside search plots (Gauthreaux, 1995;

Arnett et al., 2008). Carcass searches have been used to provide initial estimates of avian fatality caused by disease (Ward et al., 2006),

pesticides (Balcomb, 1986), high-voltage power lines (Lehman et al., 2007), and collisions with stationary as well as moving objects, e.g.,

cars (Antworth et al., 2005) or wind turbines (Osborn et al., 2000). However, the adequacy of simple carcass counts to reflect actual fatality is

influenced by the rate at which carcasses decompose or are removed by scavengers, the time interval between occurrence of fataltiy and the

search, and the accuracy and precision of the search method (Wobeser and Wobeser, 1992). Large differences in detectability of carcasses

have been recorded between species and among vegetation types (Philibert et al., 1993). Difference in detectability may bias estimates of

relative abundance of species that are not equally conspicuous in mixed species die-offs or fatality events (Philibert et al., 1993).

High numbers of fatalities of raptors (Orloff and Flannery, 1992; Erickson et al., 2001; Erickson et al., 2002) and bats (Fiedler, 2004;

Johnson, 2005; Arnett et al., 2007; Kunz et al., 2007) at some wind power facilities have raised concerns regarding the potential

environmental impact of this rapidly expanding industry. In response, voluntary post-construction fatality monitoring at wind power

generation facilities is now recommended in permitting guidelines developed by several states, and in at least two states, legislation has been

proposed to make the guidelines mandatory (Stemler, 2007). The intent of the monitoring is to estimate the total number of fatalities

occurring at a site over a specified period of time, usually a year or a migration season.

Fatality monitoring has been conducted at wind power facilities since the late 1980s (Orloff and Flannery, 1992). Typically, searchers

traverse the area under a turbine recording the number of carcasses found that show signs of having been killed by the turbine. The need to

adjust simple carcass counts for imperfect detectability has long been recognized (Anderson et al., 1999; Morrison, 2002). Detection

probabilities, in turn, must be estimated and the accuracy and precision of these estimates have strong impact on the accuracy and precision of

the final fatality estimates. The first two primary sources of imperfect detectability, carcass removal and lack of detection by observers, are

(wileyonlinelibrary.com) DOI:10.1002/env.1052
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often estimated in independent trials conducted at the monitoring sites. The average number of days a carcass is expected to persist

unscavenged is estimated by placing trial carcasses under turbines and monitoring their continued presence for a specified period of time,

then calculating the average persistence time. The probability of a searcher observing a carcass given that it has not been scavenged is

estimated by placing trial carcasses under turbines and calculating the average proportion of carcasses found.

While the general methods for conducting fatality searches and estimating parameters necessary to adjust for reduced detection rates are

well established (e.g., Anderson et al., 1999;Morrison, 2002), the actual estimator of fatality based on these parameters is not. In addition, the

sampling protocol dictating the interval between searches and the number of carcasses to be used in independent trials to estimate detection

rates are not well established and are inconsistent among studies. Searches for carcasses are conducted at intervals varying from 1 to

>28 days (Arnett et al., 2008). The number of trial carcasses used to estimate detection rates ranges from 6 (or fewer) to over 200 (Arnett

et al., 2008). From these, estimates of average carcass persistence (CP) time range between 2 days (Fiedler et al., 2007) and 52 days (Tierney,

2007) and the probability of a searcher actually observing a carcass ranges between 13% (Schnell et al., 2007) and 88% (Erickson et al.,

2000). Estimators of fatality that correct for imperfect detection vary widely among studies (e.g., Erickson et al., 2000; Erickson et al., 2003,

2004; Johnson et al., 2003b; Jain et al., 2007) and there currently appears to be no consensus on which to use. Conceptual models underlying

these estimators have not been given in any publicly available documents and definitions of parameters vary among studies making it difficult

to compare estimators. The statistical properties of only one fatality estimator have been formally investigated and it was found to produce

biased estimates (Barnard, 2000). I am not aware of any other published evaluations of the statistical properties of any estimators currently

used in fatality monitoring.

My objectives in this paper are to (1) formalize the conceptual model of fatality and define relevant parameters to provide a unifying

framework for discussion; (2) develop an estimator of fatality when probability of detection <1; (3) evaluate the bias and precision of the

estimator using simulation and examine its sensitivity to magnitude of parameters as well as to assumptions regarding distributions of

parameters; (4) compare the bias and precision of this estimator with two other estimators in common use.

In this paper, I first develop the conceptual model of fatality and sources of imperfect detection and define relevant parameters. I develop

this model for wind power facilities in particular, but it can easily be generalized to apply to other situations, e.g., high tension power lines or

contaminated areas. I propose an estimator of the total morbid population at a site based on that of Thompson (1992) for unequal probability

sampling of groups with unequal detection probabilities. I describe the proposed estimator and two others in current use in terms of the

parameters in the conceptual model and I evaluate the bias and precision of the three estimators through simulation. I simulate the actual

fatality, carcass removal, imperfect detection by searchers, and the search process itself to produce the carcass count resulting from searches

at different intervals. I simulate carcass removal and imperfect detection using different assumptions to determine the sensitivity of the

estimators to the assumptions inherent to the simulation. I apply the three estimators to the simulated carcass count to estimate fatality and

compare the accuracy and precision of the estimators under different conditions. Finally, I compare the three estimators using published data

from two monitoring projects.

2. CONCEPTUAL MODEL OF FATALITY

Fatality monitoring at wind power facilities represents one of many cases in which the abundance of an animal (number of carcasses) is

incompletely observed due to imperfect detectability during searches (Thompson, 1992, 1994). Carcass detectability is <1 because a

proportion of fatalities are removed by scavengers or obscured from view by vegetation or topography. Thus, the total number of carcasses

observed (C) can be expressed as the product of the actual number killed (F), the proportion of carcasses that persist unscavenged (r), and the

proportion of the those carcasses that an observer actually sees (p), C ¼ Frp. r is dependent on the amount of time elapsed between an

animal’s death and the time of the search, as well as other potential covariates, such as carcass size or time of year. p is a function of several

potential covariates such as size, color, and surrounding vegetation (Morrison, 2002). Thus, the total number of carcasses counted at a turbine

at the end of any particular interval will be a non-linear function of the actual number of animals killed, the length of the interval, the

proportion of carcasses persisting to the end of the interval, and the proportion of these remaining carcasses that are detected by searchers. If

there were a direct (linear) relationship between the number of observed carcasses and the number of animals that were killed, there would be

no need to develop an estimator that adjusts observed counts for imperfect detectability; observed counts could be used as a simple index of

fatality. But the relationship is not direct and counts recorded using different search intervals, in areas with different carcass removal rates and

searcher efficiency rates are not directly comparable. In addition, the density of carcasses of some species has been shown to decrease with

increase in distance from the turbine, yet there can be significant portions of a designated search plot that are inaccessible to searchers (Arnett

et al., 2009a). The configuration of the searchable area of a plot surrounding a turbine can vary among turbines and determines the proportion

of the actual fatality that can possibly be detected.

2.1. Estimator of fatality

If not all designated search areas are equally searchable, their differences can be represented by unequal probability sampling weights, and if

not all carcasses are equally detectable, their differences can be represented by unequal detection probabilities. Using this concept, the

following is taken directly from the estimator described by Thompson (1992) to estimate animal abundance from unequal probability

sampling of groups with unequal detection probabilities, but adapted to reflect the current context. We are interested in estimating the total

fatality, F, that has occurred over a period of time, T, at a wind power generation facility with N turbines, from the carcasses observed during

searches conducted at a random sample of n turbines. For any arbitrary turbine i, we can subdivide the time period into Si consecutive

intervals of length Iij, such that
PSi
j¼1

Iij ¼ Ti ¼ T for all turbines, where Iij is the number of days in the jth interval at turbine i and Si is the total

number of intervals at turbine i. Let Fij denote the total number of fatalities at the ith turbine in the jth interval. These can be grouped into Kij

Environmetrics 2011; 22: 318–329 Copyright � 2010 John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/environmetrics
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sets, e.g., carcasses of similar size and/or in similar habitat, for which the detection probability is the same for all carcasses in the set and

represented by a variable, yijk, the number of fatalities in the kth group with probability of detection, gijk. Then the total number of fatalities at

turbine i, Fi ¼
PSi
j¼1

Fij ¼
PSi
j¼1

PKij

k¼1

yijk, and F ¼ PN
i¼1

PSi
j¼1

PKij

k¼1

yijk. If the probability of detection of a carcass, gijk is known, an unbiased estimator of

F, based on the Horvitz–Thompson estimator, is F̂ ¼ Pn
i¼1

1
pi

PSi
j¼1

PKij

k¼1

cijk
gijk

, where cijk is the number of the yijk actually observed, and pi is a known

modified weight representing an unequal probability sample. Because a search plot is of limited size, it is likely that it will not contain all of

the actual fatality occurring at turbine i, but only a fraction. So pi is the product of the proportion of the actual fatality at turbine i that is

contained in the searchable area of the plot and the probability of including turbine i in the sample.While the probability of including turbine i

in the sample is often known, both the proportion of the actual fatality at turbine i that is contained in the search plot and the probability of

detection of a carcass are usually not known, but must be estimated. The estimator F̂ ¼ Pn
i¼1

1
p̂i

PSi
j¼1

PKij

k¼1

cijk
ĝijk

when gijk and pi are estimated, is no

longer unbiased for F, although it might be approximately so (Thompson, 1992). While Thompson (1992) provides an estimator for the

variance of F̂ when gijk and pi are known, a bootstrapped estimate of the variance can provide an easily implemented solution when these

parameters are estimated (Efron and Tibshirani, 1986).

2.2. Estimators of detection probability

In practice, gijk is unknown and is potentially unique to each carcass and search interval. It can be modeled as the product of at least two

probabilities, r and p, each of which is a function of carcass-specific characteristics such as size, color, surrounding vegetation, and/or time of

year. Subscripts ijk are dropped from the following for clarity without loss of generality.

Probability of persisting, r: the probability that an animal killed at a turbine persists unscavenged and observable until the next search,

depends on the removal rate by scavengers and its time of death relative to the next search. Many statistical models of survival time

distributions are available (Klein and Moeschberger, 2003). The simplest persistence time model is the exponential distribution, with

estimated probability that a carcass will persist for d days, r̂ ¼ e�d=̂t, where t̂ is the estimated mean persistence time. As noted above, the time

of death of an animal found during a search is unknown, so d is unknown and r cannot be calculated exactly for each carcass. However,

assuming that animals enter the morbid population at a constant rate during the interval and persistence time follows an exponential

distribution, the average probability of persistence of a carcass can be estimated as r̂ ¼
RI
x¼0

e�x=̂tdx

I
¼ t̂ 1�e�I=̂t

� �
I

and applied to all animals found

at the end of the interval of length I. It should be noted that this average probability of persistence is not equivalent to the probability of

persistence at the average point in the interval, r̂ ¼ e�I=2̂t , and is generally higher.

Probability of being observed given persistence, p: the probability that a carcass that has remained unscavenged will be observed by a

searcher, p, depends on its individual characteristics such as size and/or color as well as the density of the surrounding vegetation in which it

died. A simple model of observability, often referred to as searcher efficiency, is the binomial with p̂¼ number observed/number available.

Effective search interval, v: in addition to r and p, I suggest that there is a third factor affecting the probability that a carcass is detected.

When the interval between searches greatly exceeds the amount of time a carcass could be expected to persist, the average probability of

persisting through the interval approaches 0. Estimating r for all animals as an average probability of persistence through the entire interval

will result in small values of r̂, inflating the consequent estimates of F. I define the effective search interval ~I, as the length of time beyond

which the probability of a carcass persisting is �1%. Any carcass observed at the end of a search interval will almost surely have died less

than ~I days prior, so estimates of fatality derived from these carcasses are representative only of fatalities over an interval of length ~I, not I.
Assuming the deaths during the last~I days in the interval are representative of deaths throughout the interval, the probability of detection must

include the effective proportion of the interval actually sampled, v̂ ¼ minð1;~I=IÞ, to estimate fatality for the entire interval. Again, if we

assume that the exponential or failure time distribution is a reasonable model for time to removal, then ~I can be estimated as
~̂I ¼ � logð0:01Þ � t̂ and applied to all animals in the interval to which t̂ applies.

Probability of detection, g: an estimate of the probability of detection of a carcass is then ĝ ¼ p̂r̂v̂, where r̂ is calculated using minð~̂I; IÞ.

3. METHODS

3.1. Simulations

The simulation included four major components: (1) simulate the fatality process; (2) simulate the CP process using three distributional

assumptions; (3) simulate the search process, using six search intervals; (4) simulate the observation process using two distributional

assumptions to produce simulated carcass counts. The details of the simulation can be provided upon request.

Because activity patterns of bats and birds appear to be quite erratic, I used actual recorded bat echolocation calls in my simulation to

reflect this pattern, rather than generating fatality data from a statistical process. Echolocation data recorded at 15 proposed turbine locations

in Casselman, Pennsylvania in 2005 (Arnett et al., 2006) formed the basis for my simulation to reflect temporal (night to night) and seasonal

variation in bat activity. The final activity dataset comprised 17 811 total calls representing a fixed number of calls at each of 15 turbines on

each of 112 nights and was used as the basis for generating fatality data. By generating fatality as a function of activity, I preserve the inherent

wileyonlinelibrary.com/journal/environmetrics Copyright � 2010 John Wiley & Sons, Ltd. Environmetrics 2011; 22: 318–329
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variation and temporal autocorrelation in the fatality data and avoid potential biases that could be introduced by assuming a particular fatality

process.

Fatality was simulated by imposing an average fatality rate of 10% (generated as a random draw from a Beta(50 450)) to each turbine on

each night. The simulated fatalities were summed to give the total ‘‘known’’ fatalities at the site. Persistence of each of these ‘‘carcasses’’ was

simulated using three random distributions (½ Normal, Exponential, and Gamma) each with seven different means (t¼ 1, 2, 4, 8, 16, 32, and

64 day). The exponential distribution represented a constant carcass removal rate, and has been suggested as a reasonable model in some

fatality monitoring studies (Erickson et al., 2004). The half-Normal represents an initially reduced rate of removal, followed by a more rapid

rate as time since death increases. The Gamma complements this distribution by representing an initially rapid removal rate, followed by a

reduced rate as time since death increases. While the shapes of the distributions differed the means of the distributions were set at the given

rates, above, for comparability.

The search process was simulated using six different search intervals (I¼ 1, 2, 4, 7, 14, and 28 days). Searcher efficiency was simulated

using two random distributions (simple binomial and conditional binomial) using three different rates (p¼ 0.2, 0.5, and 0.8). The simple

binomial distribution represented the assumption that a carcass that was not seen on the first search would not be seen on any subsequent

searches. The conditional binomial represented the assumption that a carcass that was missed on a search but persisted unscavenged would

have some probability of being observed on a subsequent search, but that probability would diminish in time. The probability of a searcher

observing a carcass that was present after s searches was modeled as p�0.25(s-1). Prior studies (Arnett, 2006; Arnett et al., 2009a) have shown
that in anything but the most uniform and unvegetated habitat, there can be a significant proportion of carcasses that will go unobserved, no

matter how many searches occur.

Each simulation of known total fatality resulted in 756(¼7� 3� 6� 3� 2) simulated values of the number of carcasses counted. Finally,

each of three estimators was applied to the 756 simulated carcass counts. All three of the estimators compared in this study are functions of

four parameters: c,t, p, and I. In this simulation, t, p, and I were constant for all carcasses allowing estimates of total fatality to be calculated

from total observed carcass counts.

3.2. Estimators compared in this study

Two estimators have been commonly used in fatality monitoring studies at wind power generation facilities. The naı̈ve estimator was first

published by Johnson et al. (2003a), but informally adopted for use in several earlier studies (e.g., Erickson et al., 2000; Johnson et al., 2000)

and continues to be used in monitoring studies (e.g., Fiedler et al., 2007; Miller, 2008). No conceptual basis for the naı̈ve estimator has been

given in any of the published reports and it is not clear what assumptions regarding fatality rates, persistence rates or conditional detectability

are inherent to it.

The modified estimator was developed by P. Schoenfeld (West Virginia Highlands Conservancy, unpublished report 2004) and first used by

Kerns and Kerlinger (2004). This estimator was developed as an attempt to correct what was calculated to be a 15–20% underestimate of

fatality using the naı̈ve estimator. It assumes that fatalities, carcass removal, and even search intervals are all Poisson processes. In addition it

assumes that all birds killed are eventually either found (and removed) by researchers or removed by scavengers. This estimator is a

modification of the naı̈ve estimator, but includes an additional term relating to persistence and observability.

The estimator I propose and the two commonly used estimators are given below, using notation defined earlier and C ¼ Pn
i¼1

PSi
j¼1

PKij

k¼1

cijk:

Proposed estimator F̂ ¼ Pn
i¼1

1
p̂i

PSi
j¼1

PKij
k¼1

cijk
r̂ijk p̂ijk v̂ijk

where r̂ijk ¼
t̂ijk 1�e

�minð̂~Iijk ;IijkÞ=̂tijk
� �

minð~̂Iijk ;IijkÞ
, ~̂Iijk ¼ � logð0:01Þ � t̂ijk, and v̂ijk ¼ min 1; ~̂Iijk

.
Iijk

� �
.

Naı̈ve estimator F̂ ¼ N
n

Pn
i¼1

PSi
j¼1

PKij

k¼1

cijkIijk

t̂ijk p̂ijk
. In practice, it is often assumed that t̂ijk ¼ t̂i0j0k0 ,p̂ijk ¼ p̂i0 j0k0 , and Iijk ¼ Ii0j0k0 , so this estimator can be

written as F̂ ¼ NIC

n̂tp̂
.

Modified estimator F̂ ¼ N
n

Pn
i¼1

PSi
j¼1

PKij
k¼1

cijkIijk

t̂ijk p̂ijk

e
Iijk =̂tijk�1þp

e
Iijk =̂tijk�1

� �
. In practice, it is often assumed that t̂ijk ¼ t̂i0 j0k0 ,p̂ijk ¼ p̂i0j0k0 , and Iijk ¼ Ii0j0k0 , so this

estimator can be written as F̂ ¼ NIC

n̂tp̂

eI=̂t�1þp̂

eI=̂t�1

� �
.

3.3. Comparison of estimators

A total of 1000 fatality scenarios were simulated, each generating a known total fatality as well as 756 different carcass counts generated

using different values of the parameters and distributional assumptions. The three estimators of fatality were applied to each of the counts in

each of the 1000 known fatality simulations. I used two metrics to compare the statistical properties of these three estimators: the percent

relative bias (PRB ¼ 100ðF̂ � FÞ=F) and the root mean squared error (RMSE) (Cherry et al., 2007). For each of the 756 estimates of fatality

for each of the three estimators, I calculated the mean, and 2.5th and 97.5th quantiles of PRB over the 1000 simulation runs. I will refer to the

interval between the 2.5th and 97.5th quantiles as the range of PRB. I calculated the RMSE as RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP1000
m¼1

F̂m � Fm

� �2.
1000

s
.

Because PRB is asymmetric, it can be difficult to interpret. To aid in interpretation of the results, I also calculated the multiplying factor

(MF), MF ¼ F=F̂, the factor by which the estimated fatality F̂ would have to be multiplied to give the actual fatality. The MF provides an

intuitive interpretation of PRB. For an unbiased estimate, the MF is 1. The MF for an underestimate of 50% is 2, whereas an overestimate of

100% is required to result in a reciprocal MF of 1/2. As bias approaches�100%, the lower limit, the asymmetry in the relationship becomes
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more pronounced. An underestimate of 95% has a MF¼ 20, however, an MF¼ 1/20 is associated with an overestimate of 1900%. I

calculated the mean and 2.5th and 97.5th quantiles of the MF over the 1000 simulation runs.

4. RESULTS

4.1. Percent relative bias (PRB)

Fatality estimates of all three estimators were always ordered, with those when the generating CP model was ½N>¼Exp>¼Gamma. The

PRB of the proposed estimator showed some sensitivity to all factors but never exceeded �27% (Table 1) and its MF never exceeded 1.37,

nor dropped below 0.79 (Table 2). When a simple binomial (SE) model was used, PRB was primarily a function of the CP model; the

magnitude of p had little influence on PRB (Figure 1). When the search interval was short (<¼ 7 days) and the generating CP model was

exponential or ½N, the PRB of the proposed estimator was never more than 11% (Table 1) with largest bias occurring when the interval was

approximately equal to the average CP time. When the generating CP model was Gamma, the proposed estimator always underestimated

fatality, but never by>27% (Table 1). The greatest absolute bias occurred when both persistence time and search interval were short or when

both were long (Figure 1).

Fatality estimates of the proposed estimator were generally higher when the conditional rather that the simple SE model was used,

resulting in a positive shift in PRB (Figure 2). This was more pronounced when the magnitude of pwas low (0.2) than when it was high (0.8).

The general ordering of estimates as a function of CP model remained the same. When pwas high, and the interval short, estimates of fatality

when the generating CPmodel was ½N or exponential are almost unbiased, with maximum absolute value of PRB< 12 and 8%, respectively.

The PRB of the proposed estimator when the generating CPmodel was gammawas more responsive to average CP. The largest bias occurred

when both persistence time and search interval were short or when both were long (Figure 2). As the magnitude of p decreased, there was a

general increase in F̂, with the greatest change occurring when the interval was short.

The naı̈ve estimator always underestimated fatality, under some conditions by as much as 98.5% (MF¼ 66.7) (Table 1). The effect of the

conditional observability model was the same as for the proposed estimator, i.e., to generate a positive shift in the PRB, but the shift was

never more than 6.5%. Because the naı̈ve estimator always underestimated fatality, and estimates when the conditional SE model was used

were slightly less biased than when the simple SE model was used, only results from the conditional model are shown (Figure 3). The naı̈ve

estimator was extremely sensitive to average persistence time, with bias increasing as average persistence time increased. Increasing

the interval reduced the bias, particularly when average persistence time was short. PRB of the naı̈ve estimator was close to 0 only when the

search interval was long and average persistence time was short. When searches were conducted daily, the MF under any condition was never

<1.35, but was >60 when average persistence time was long (Table 2).

The modified estimator underestimated fatality for all but 10 of the 378 factor combinations possible in the simple observability model.

The effect of the conditional observability model was again the same as for the proposed estimator, i.e., to generate a positive shift in the PRB,

but because the shift was never more than 9%, and the conditional model was slightly less biased than the simple model, only results from the

Table 1. Maximum absolute PRB over all combinations of searcher efficiency (p) and average CP time (t) for each estimator and each

simulated search interval, SE model and CP model

Estimator SE model CP model Search interval (day)

1 2 4 7 14 28

Proposed Simple ½ Normal 9.3 10.0 9.9 8.4 5.6 5.2

Exponential 4.0 4.3 4.9 3.5 5.3 10.7

Gamma 24.3 21.1 20.0 20.3 22.6 26.7

Conditional ½ Normal 26.5 25.7 24.3 21.6 16.1 6.4

Exponential 25.7 24.5 22.2 18.4 11.1 8.3

Gamma 22.3 18.8 17.9 18.3 20.7 25.2

Naı̈ve Simple ½ Normal 98.4 96.9 93.9 89.7 80.7 66.4

Exponential 98.5 96.9 94.0 89.9 81.4 68.3

Gamma 98.5 97.2 94.6 91.2 84.3 74.0

Conditional ½ Normal 98.3 96.7 93.6 89.1 79.9 65.4

Exponential 98.4 96.7 93.7 89.3 80.6 67.5

Gamma 98.5 97.0 94.3 90.7 83.7 73.3

Modified Simple ½ Normal 78.6 77.5 75.1 71.8 65.0 54.2

Exponential 78.7 77.6 75.4 72.3 66.1 56.8

Gamma 80.1 79.5 78.0 75.9 71.5 64.4

Conditional ½ Normal 73.1 71.8 69.1 65.6 58.5 48.6

Exponential 73.3 72.0 69.6 66.5 60.3 51.9

Gamma 75.2 74.7 73.2 71.2 66.9 60.5
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conditional model are shown (Figure 4). The modified estimator was also sensitive to average persistence time, with bias increasing as

average persistence time increased, but this effect was strongest when pwas small. Increasing the interval reduced the bias, particularly when

average persistence timewas short. When searches were conducted daily and pwas small, the maximumMFwas�5 (Table 2). Absolute bias

was reduced as p! 1, but the modified estimator still underestimated fatality under almost all conditions.

4.2. Root mean squared error (RMSE)

The MSE is useful as a measure of goodness or closeness of an estimator only if the estimator is unbiased (Mood et al., 1974). Biased

estimators can have smaller MSE than unbiased, and no estimators have uniformly minimum MSE, which is why the search for estimators

with minimumMSE is generally restricted to unbiased estimators. In this simulation, the estimators were often biased, obviating comparison

of MSEs. However, when estimates were relatively unbiased (absolute bias <10%) the MSE for the proposed estimator was always larger

than that of the other two, usually by< 2% (median), and never by more than 50%.

5. DISCUSSION

5.1. Evaluation of estimators in the absence of detection bias

A basic property of a good estimator in the current context is one that, in the absence of detection bias, will return the simple count of the

carcasses as an estimate. In the absence of detection bias, adjustments to simple carcass counts would be unnecessary and abundance

estimates could be calculated using well-established finite sample size methods, adjusting only for unequal probability sample, if necessary.

An evaluation of the estimators under these conditions provides insight into their inherent bias. When p¼ 1, the naı̈ve estimator reduces to

f̂ ¼ C

t̂=I
, with the estimate of fataltiy inversely proportional to the ratio of the average CP time to the length of the search interval. This ratio

does not reflect the probability that a carcass will persist through the interval, and is not bounded between 0 and 1. When the average CP time

is greater than the search interval, this ratio will be greater than 1, causing the estimate of fataltiy to be biased low and in some cases be less

than the actual count (see Fiedler et al., 2007, Table 10). In other cases, the reported lower confidence limit will be less than the actual number

of carcasses found (e.g., Johnson et al., 2003b), violating one of the fundamental tenets of statistical analysis, that the estimate itself and its

confidence limits be reasonable (Kempthorne, 1989).

The modified estimator is simply an extension of the naı̈ve estimator, i.e., it is the naı̈ve estimator multiplied by an additional factor,
eI=̂t�1þp̂

eI=̂t�1

� �
. The ability of this modification to mitigate the effect described above is highly dependent on the magnitude of p. As p becomes

small this factor approaches 1 and the modified estimator reduces to the naı̈ve estimator. Alternatively, as estimated searcher efficiency

approaches 1 this factor approaches the value of the multiplier in the proposed estimator, as long as the average persistence time is less than

the search interval. This modification to the naı̈ve estimator reduced but did not eliminate the influence of persistence time on bias of the

estimate, and was most effective when p was high and the search interval was long.

Table 2. Minimum and maximum MFs over all combinations of searcher efficiency (p) and average CP time (t) for each estimator and

each simulated search interval, SE model and CP model

Estimator SE model CP model Search interval (day)

1 2 4 7 14 28

Min Max Min Max Min Max Min Max Min Max Min Max

Proposed Simple ½ Normal 0.91 1.00 0.91 1.00 0.91 1.01 0.92 1.02 0.95 1.03 0.99 1.05

Exponential 1.00 1.04 1.00 1.04 1.01 1.05 1.01 1.04 1.02 1.06 1.02 1.12

Gamma 1.07 1.32 1.09 1.27 1.13 1.25 1.06 1.26 1.04 1.29 1.04 1.37

Conditional ½ Normal 0.79 0.94 0.80 0.94 0.80 1.01 0.82 1.02 0.86 1.03 0.94 1.03

Exponential 0.80 1.02 0.80 1.04 0.82 1.05 0.84 1.04 0.90 1.04 1.00 1.09

Gamma 0.86 1.29 0.89 1.23 0.93 1.22 0.98 1.22 1.03 1.26 1.04 1.34

Naı̈ve Simple ½ Normal 1.45 64.36 1.09 32.40 1.03 16.48 1.01 9.67 1.02 5.19 1.02 2.98

Exponential 1.64 64.52 1.21 32.57 1.06 16.67 1.04 9.87 1.03 5.37 1.03 3.16

Gamma 2.09 68.89 1.43 35.56 1.15 18.62 1.07 11.33 1.05 6.37 1.05 3.85

Conditional ½ Normal 1.35 60.58 1.08 30.56 1.03 15.58 1.01 9.18 1.02 4.97 1.02 2.89

Exponential 1.52 60.75 1.18 30.74 1.06 15.76 1.04 9.38 1.03 5.16 1.03 3.07

Gamma 1.89 65.08 1.36 33.61 1.13 17.69 1.07 10.80 1.05 6.13 1.05 3.75

Modified Simple ½ Normal 0.99 4.68 0.97 4.44 0.95 4.01 0.96 3.54 0.98 2.86 1.02 2.18

Exponential 1.12 4.70 1.07 4.46 1.05 4.06 1.02 3.62 1.03 2.95 1.03 2.31

Gamma 1.33 5.02 1.27 4.87 1.13 4.54 1.07 4.15 1.05 3.51 1.05 2.81

Conditional ½ Normal 0.97 3.72 0.96 3.54 0.95 3.24 0.95 2.91 0.98 2.41 1.02 1.94

Exponential 1.10 3.75 1.06 3.58 1.04 3.29 1.02 2.98 1.03 2.52 1.03 2.08

Gamma 1.26 4.04 1.26 3.95 1.13 3.73 1.06 3.48 1.05 3.02 1.05 2.53
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Only the proposed estimator is unbiased as the detection parameters approach their limits, and estimates fatality to be the carcass count

when detectability¼ 1.

5.2. Percent relative bias

In order to compare fatality rates among species and across sites, and to experimentally evaluate mitigation efforts, estimates of fatality need

to be unbiased or the bias must be constant. This simulation demonstrates that bias of two estimators in current use is strongly dependent on

detectability parameters, precluding comparisons of rates among sites, and even among species groups within sites.

The bias in the proposed estimator was primarily a function of assumed models of CP and observability rather than of uncontrollable

factors. Assuming that carcass removal rate was constant (exponential model) resulted in higher estimates of fatality when the actual process

was ½N and lower estimates of fatality when the actual process was gamma. This was expected. If carcasses are less likely to be removed

early on (½N), then assuming a constant removal rate (exponential) will lead to lower estimates of r and higher estimates of fatality. On the

other hand, if carcasses are removed more rapidly early on (gamma), just the opposite occurs, and assuming a constant removal rate will lead

to higher estimates of r, and lower estimates of fatality. While the direction of the effect was predictable, the magnitude of the sensitivity of

the estimators to assuming an incorrect persistence model was not.

In general, there was little effect of assuming a constant removal process (exponential) when the ½N was the true model. The proposed

estimator was more sensitive to assuming a constant removal rate when the gammawas the true model. To correct this, the proposed estimator

could be modified so that r is calculated based on the best fit persistence model rather than assuming a constant removal rate (exponential

model). However, knowing the persistence distribution does not guarantee unbiasedness, because time of death will still be unknown and the

actual probability of a carcass persisting until the next search can only be determined if time of death is known. Any estimator will need to

make assumptions about the rate of entry of carcasses into the morbid population in order to accurately model the probability of persisting. If

we had precise models of rate of entry (perhaps based on measured covariates), then searches would be completely obviated. But so far, none

−
10

0
−

60
−

20
20

60

p = 0.2 p = 0.5

1//2N
exp
gamma

p = 0.8

In
t =

 1
 d

−
10

0
−

60
−

20
20

60

In
t =

 7
 d

−
10

0
−

60
−

20
20

60

In
t =

 1
4 

d

1 8 16 32 64

−
10

0
−

60
−

20
20

60

1 8 16 32 64 1 8 16 32 64

In
t =

 2
8 

d

Average Carcass Persistence Time (d)

P
er

ce
n

t 
R

el
at

iv
e 

B
ia

s 
(P

R
B

)

Figure 1. PRB of the proposed estimator as a function of average CP time for each of three CP models when the probability of seeing a carcass was modeled

using a simple binomial model, plotted for four search intervals (plot rows) and three magnitudes of searcher efficiency (plot columns)
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exist. In this simulation, the rate of entry of carcasses into the morbid population was not constant, yet the assumption of constant rate in the

proposed estimator did not produce large bias.

As the probability of persisting for more than one interval increases (CP long or I short), then how we model the conditional probability of

observing a carcass becomes more important. In this study, the SE model had very little effect on bias when p was high, but had a much

stronger effect when pwas low. Maximizing p is the most direct way to improve the accuracy of the proposed estimator, both by reducing its

sensitivity to the SE model and by reducing its sensitivity to changes in magnitude of p. If the area searched can be restricted to open, easily

searched habitat in which we can assume that the probability that a carcass is observed is independent of whether it was missed on a previous

search, i.e., p� 1, then the probability of detection will only be a function of persistence. Of course, if the searched area does not comprise the

total area of inference, this will require an accurate estimate of pi, the unequal probability sample weight defined above.

Evaluation of estimators through simulation must be conducted carefully (Cherry et al., 2007). In this simulation I used real activity data

with its inherent temporal variance and autocorrelation as a basis for fatality, to remove dependence of simulation results on assumed models

of fatality. I varied factors beyond the control of researchers (searcher efficiency and CP) as well as thosewithin control of researchers (search

interval) over ranges reported in the fatality monitoring literature. I modeled searcher efficiency and CP using several generating functions, to

explore the effect of assumed models on simulation results. In practice, monitoring is carried out to estimate total or per turbine fatality at a

site during a defined period of time, often a migratory season. In this simulation, I tried to mimic these conditions, keeping the period of

inference constant, rather than keeping the search effort constant, allowing evaluation of the effect of changing the search interval on

estimates of fatality. Holding the search effort constant would necessarily change the period during which fatalities were observed and

consequently, the total number of fatalities, precluding direct comparisons of the estimators to accurately estimate fatality, and not reflecting

the operational conditions under which the estimators are used.

The data used in this fatality simulation reflected actual activity pattern that was not assumed to occur at a constant rate. In monitoring

studies, when carcass removal rates are high and searcher efficiency is low, we rely heavily on the assumptions inherent in our estimators of
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Figure 2. PRB of the proposed estimator as a function of average CP time for each of three CP models when the probability of seeing a carcass was modeled

using a conditional binomial model, plotted for four search intervals (plot rows) and three magnitudes of searcher efficiency (plot columns)
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these parameters to make accurate estimates of unobserved fatality. This simulation showed that for the proposed estimator, the shorter the

search interval, the more robust the estimates were to violations of assumptions. As the search interval increased, the range of PRB increased

reflecting the increased variation as the number of searches decreased.

As the interval between searches at each turbine increases, our reliance on assumptions inherent in the estimators increases. We assume

that our measure of the average proportion of carcasses persisting through the interval is applicable to all carcasses, that searcher efficiency is

the same for a fresh animal as for one that has been lying out for the entire interval, and that the effective period is reflective of the entire

interval and is appropriately measured. All of these argue for shorter intervals in which the assumptions are less influential and estimation of

the effective period is obviated. But shorter intervals will incur higher costs of implementation. Daily searches may only be necessary for

certain purposes, e.g., relating fatality to wind, testing effectiveness of mitigation strategies, etc., whereas monthly search intervals may be so

long that the confidence intervals become too large to be useful. The appropriate search interval lies somewhere between these extremes, and

the tradeoff between cost and precision of different search intervals should be formally investigated.

In my simulation, an average of �1780 fatalities (�120/turbine) occurred in each simulation run, somewhat higher than the highest

reported fatality rates in the literature (Arnett et al., 2008) but perhaps not higher than actual rates, given the observed bias in current

estimators. I believe that my results will apply regardless of fatality rate, but further study is needed to determine if bias changes when fatality

rates are much lower.

This simulation was intended to evaluate the statistical properties of three estimators when parameters were known. In practice, searcher

efficiency rates and average CP times and their models will have to be estimated. Undoubtedly, this will lead to reduced precision of

estimated fatality, particularly when r and p are small, but additional bias may be introduced as well (Thompson, 1992). It is of practical

importance to determine the sample size needed to estimate each of these with enough precision to result in confidence intervals of fatality of

desired width. In addition, future work should determine the optimal sample size needed to determine the best model for persistence

(exponential, ½N, gamma, etc.).
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Figure 3. PRB of the naı̈ve estimator as a function of average CP time for each of three CPmodels when the probability of seeing a carcass was modeled using

a conditional binomial model, plotted for four search intervals (plot rows) and three magnitudes of searcher efficiency (plot columns)
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Abundance is one of the most difficult parameters to estimate without bias, even for a closed population (White, 2008). Several factors

combine to place the problem of estimating abundance of a morbid population outside the reach of many currently available tools: (1) the

population is not mobile; (2) the population often is not closed; (3) the parameter of interest is not the instantaneous size of a closed

population, but the total number of animals that ever entered the population; (4) the probability of detection of members of the population<1;

(5) the probability of detection is not equal among members of the population and may be unique to each. The first three factors limit the use

of mark-recapture models for estimating abundance of the morbid population. Assumptions of even the simplest Petersen estimator of

abundance cannot be met when the population is not mobile (either geographically or temporally). If the cause of death is a particular event,

such as an application of a pesticide or an oil spill, then the population of interest might reasonably be considered closed to immigration, but

perhaps not to emigration. If the cause of death is on-going, as with power lines, automobile traffic or wind turbines, the population of interest

is the total number of fatalities over an extended time period and the population is known not to be closed. The rates at which carcasses

emigrate and immigrate can be highly variable and are in turn influenced by species behavior, season, density, and weather. Schwarz et al.

(1993) developed a Jolly–Seber type estimator to estimate gross births in open populations. It defines group-specific capture and survival

parameters, but to overcome identifiability problems relies on assumptions regarding the probability of capture and recapture among time

periods and among groups that may not be realistic in the case of a morbid population. Nonetheless, further work to adapt the Jolly–Seber

type estimator to the current problem might prove fruitful.

5.3. Examples of application of the estimators at two wind farms

Fatality estimates at the Casselman Wind Project in south-central Pennsylvania, USA, were calculated using all three estimators (Arnett

et al., 2009b). Ten of 23 turbines at the site were searched daily for 7months. Estimated searcher efficiency for bats varied from 100% in open

gravel to 13% in dense vegetation and average CP time was estimated to be 31.9 day, resulting in an estimated probability of persisting
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Figure 4. PRB of the modified estimator as a function of average CP time for each of three CP models when the probability of seeing a carcass was modeled

using a conditional binomial model, plotted for four search intervals (plot rows) and three magnitudes of searcher efficiency (plot columns)
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through the search interval of 0.9845. A total of 148 bats carcasses were found; 92, 45, and 11 in habitat in which SE was estimated to be 100,

71, and 13%, respectively. Estimated total fatality (and 95% bootstrap confidence intervals) at the site was 784.2 (95% CI: 504.0, 1248.8),

27.0 (95% CI: 12.2, 54.9), and 459.1 (95% CI: 370.7, 555.6) for the proposed, naı̈ve, and modified estimators, respectively. These results are

consistent with the simulation results; when average CP time is long (32 day) and the search interval is short (1 day) the naı̈ve estimator

strongly underestimates fatality, regardless of SE (Figure 3, top row). In this case, even the upper confidence limit of the naı̈ve estimate was

far below the number of carcasses actually observed, for reasons discussed above. Estimates from the modified estimator were intermediate

between those of the naı̈ve and the proposed. Its discrepancy with the proposed estimator was due primarily to underestimates of fatality by

>80% for those bats whose SE was estimated to be very low (13%).

In contrast, fatality estimates of birds at Klondike III Wind Farm in Oregon, USA, were calculated for the proposed and modified

estimators only (Gritsky et al., 2009). Twenty-three of 80 turbines at the site were searched on intervals of �14 or �28 day for 1 year. Both

searcher efficiency and average CP time were found to vary with size of the carcass and season. For small birds, searcher efficiency ranged

from 42 to 55% and average CP ranged from 4.3 to 15.4 day across seasons. For large birds, searcher efficiency ranged from 45 to 82% and

average CP time ranged from 8.4 to 29.8 day across seasons. A total of 49 small and 7 large birds were found, with estimated total fatality (and

95% bootstrap confidence intervals) at the site of 496.4 (95% CI: 378.3, 662.8) and 468.8 (95% CI: 350.6, 631.0) for the proposed

and modified estimators, respectively. Again these results are consistent with the simulation results; when average CP time is short (<16 day)

and the interval is long (14 or 28 day), the estimates from the modified estimator are similar to those of the proposed (Figure 4, bottom two

rows, center panel). Its discrepancy with the proposed estimator was due primarily to underestimates of fatality for the large birds with longer

average persistence times.

5.4. Management implications

A first step in understanding the impacts of wind energy facilities on wildlife is to estimate the number of animals being killed at these

facilities. Unbiased estimates of fatalities combined with unbiased estimates of population sizes will contribute to evaluation of ultimate

impacts of wind energy facilities on wildlife populations. Failure to use an unbiased estimator precludes direct comparability of results

among studies and even within studies. Average CP time and searcher efficiency can differ significantly among species. Underestimating one

species by a factor of 2 and another by a factor of 30 in the same study will lead to erroneous conclusions regarding the relative proportion of

total fatality contributed by each species. These same differences in bias can occur across sites, again leading to misunderstanding of the

relative fatality rates in different parts of the country and the world. Comparability of fatality estimates across groups, e.g., turbine models,

species, sites, etc., can only be achieved if the estimator used is unbiased and insensitive to changes in conditions across groups, i.e.,

detectability parameters and search interval. As these factors are known to vary widely among species and across sites, current estimates of

fatality using biased estimators are not directly comparable.

Researchers have no control over the average CP time at a site and little control over searcher efficiency beyond training personnel or

mowing vegetation, but they do have control over the search interval. Establishing a search protocol and using an estimator that will result in

relatively unbiased estimates for all possible values of searcher efficiency and average CP time is critical to achieve comparability among

sites and to our ability to evaluate the impacts of wind power generation facilities on wildlife. Further research is needed to refine the

estimator and to understand the effects of estimation methods on the parameters used in the estimator.

Tukey (1979) argues ‘‘We should measure what is needed for policy guidance, even if it can only be measured poorly.’’ While the proposed

estimator exhibited some bias under certain conditions, its relative stability across all conditions, particularly in comparison to two

commonly used estimators, makes it useful for measuring what is needed to guide policy decisions.
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BAT SURVEY PROTOCOL1 
FOR ASSESSING USE OF POTENTIAL HIBERNACULA 

 
 

RATIONALE  
A typical cave or mine portal survey is an attempt to determine presence or probable absence of the 
species; it does not provide sufficient data to determine population size or structure.  Following these 
guidelines will standardize procedures for bat surveys at caves and mine portals.  Although the capture of 
Indiana bats confirms their presence, failure to catch Indiana bats does not absolutely confirm their 
absence.  If one or more Indiana bats should be captured at a particular site, subsequent surveys may be 
necessary before one can confidently conclude the feature is being used as a hibernaculum. 

 
ASSESSING SUITABILITY OF CAVES/ABANDONED MINES FOR BAT SURVEYS 
In general, a cave or portal opening can be dismissed from bat surveys (i.e., they are not suitable) if the 
following conditions apply: 

• There is only one horizontal opening less than 6 inches in diameter and no or very little airflow is 
detectable, 

• It is a vertical shaft <1 foot in diameter, 

• A horizontal passage continues for <50 feet and terminates with no fissures that bats can access. 

• The opening/passage shows evidence of frequent and/or complete flooding, has collapsed 
completely shut, or is otherwise inaccessible to bats. 

• It is a “new” opening, which has occurred recently (less than 1 year old) due to subsidence. 
 
SAMPLING DATES, TIMES AND TEMPERATUE CRITERIA 
 

• Spring sampling should be conducted from 1 April through 1 May (may vary geographically). 
Prior to the survey, check with the Service Field Office responsible for the State in which your 
project is located for any variations from these dates. 

• Fall sampling should be conducted from 1 September through 15 October. 

• The sampling period should begin ½ hour before sunset and continue for at least 5 hours. 

• Weather must provide for: 

1. Temperatures ≥50°F (10°C) for at least the first 2 hours of sampling and must not fall 
below 35°F (1.7°C) before the end of the first 5 hours of sampling. 

2. At least 3 hours of the survey period must be free of heavy rain. 

• Sampling will be conducted on two different evenings (does not have to be consecutive).  If no 
bat captures (of any species) occur and no bat activity is noted with a bat detector on the first 
evening during acceptable weather conditions, sampling can be suspended for the site. 

• The shining of lights, and noise will be kept to a minimum with no smoking around the sample 
site.  The use of radios, campfires, running vehicles, punk sticks, citronella candles and other 
disturbances will not be permitted within 300 feet of site during surveys. 

• Before conducting surveys, local residents and/or law enforcement agencies should be informed 

                                                           
1 Adapted from the protocol used by the Pennsylvania Game Commission 



of the scheduled nighttime activities. 

 
EQUIPMENT 
No equipment, litter or other debris will be left unattended at site that could result in the capture or 
entanglement of any animals.  Any equipment stored at site between sampling sessions should be clearly 
labeled with contact information. 
 
Harp Traps (first choice):  Place in front of opening and block surrounding space with plastic sheeting or 
bird netting.  Traps should be tended at least once per hour. When the catch rate is high (>25 bats per 
hour) or during inclement weather, traps should be tended more frequently. 
 
Mist Nets (second choice):  50 denier, 38mm mesh.  Place in front or around openings that can not be 
harp trapped.  Nets need to be monitored closely and checked at least once every 10 minutes.  At sites 
with a heavy bat swarm, the net should be monitored continuously. 
 
Bat Detector:  In addition to the harp trap or mist nets, an ultrasonic bat detector should be on site to 
periodically monitor general bat activity and to assess the general effectiveness of the harp trap or mist 
net placement.   
 
Alternative Monitoring Techniques:  In situations where cave/mine entrances can not be safely/effectively 
trapped or netted, bat detectors (e.g., heterodyne or AnaBat) and/or night-vision/infrared/thermal-imaging 
recording devices should be used to monitor and record bat activity to determine bat use of the site.  Bat 
activity in or around the entrance can be monitored by counting bat passes with a bat detector, or night 
vision/infrared video tapes can be recorded to provide actual counts of bats entering and exiting the 
opening.  As with trapping, monitoring should be conducted for 5 hours.  Reporting format will be: Start 
and end time for 1-hour sample period and bat passes for that hour.  If a bat detector is used to monitor a 
cave/mine entrance, the biologist should 1) manually operate a tunable detector to quantify the amount of 
bat activity (i.e., tally # of bat passes/hour for 5 hours) at the cave entrance, 2) write down the peak 
frequency associated with each bat pass, and 3) take field notes describing the bat activity throughout the 
5-hour sampling period (e.g., are bats entering and/or exiting the entrance, just passing by etc…).   
 
If alternative monitoring techniques are needed to complete a survey, these should be coordinated with 
the Service’s Field Office in that state on a case-by-case basis prior to being employed. 
 
CAPTURED BATS 
Standard measurements should be taken and recorded for all captured bat species.  Photo documentation 
of Indiana bats is also encouraged.  
 
Fecal Samples:  Fecal samples should be collected from Indiana bats (and other species as time allows), 
clearly labeled, placed within separate Ziploc bags, and stored on ice or in a freezer. 
 
Banding of M.sodalis:  To identify recaptured bats, a single, uniquely numbered/embossed band 
(preferably celluloid/plastic) of a high-contrast color (e.g., white) should be placed on the right forearm of 
each male and the left forearm of each female Indiana bat.  If many bats are captured at one time, it is 
acceptable to only band a subset of the individuals to avoid having to hold them for a long period of time.  
Please use your best professional judgment. 



Kirtland’s Warbler Annual Census Protocol 

 

Reporting Office: Seney NWR (Kirtland’s Warbler WMA) 
Species: Kirtland’s Warbler (Setophaga kirtlandii)-Endangered Species 
 

JUSTIFICATION AND OBJECTIVES 
The management program for the Endangered Kirtland's Warbler is carried out under the 

direction of the Kirtland's Warbler Recovery Team.  One component of the Recovery Plan is to, 

"monitor breeding populations...in order to evaluate responses to management practices and 

environmental changes."  The singing male census protocol is a critical component of the 

monitoring program.  Overall coordination of this monitoring program has been delegated from 

the Recovery Team to the Wildlife Division, Michigan Department of Natural Resources, with 

significant involvement by the U.S. Forest Service.  Seney NWR is also a cooperator in the 

monitoring program and usually works on finding singing male warblers in the eastern Upper 

Peninsula.  Procedures and reporting forms change slightly from year to year and refuge staff 

should consult with the Recovery Team before conducting the survey. 

 

The Kirtland's Warbler spring census is a tool that enables managers to: 

1)  evaluate the Warbler population relative to the recovery objective (1,000 singing 

males for five consecutive years); 

2)  determine the presence or absence of individuals in areas for protection purposes; 

3)  evaluate habitat management activities (for example, plantation vs. trench and seed); 

4)  detect differences in occupancy, duration of use, and density of singing males between 

management areas; 

5)  build public confidence in Endangered species management; 

6)  provide data for research. 

 

Seney NWR has been participating in this survey since ~1989. Data exists for the population of 

birds at Kirtland’s Warbler WMA since 2000. 

 
STATISTICAL CONSIDERATIONS 
The major assumption of the annual census is that the vast majority of the world’s populations 

of Kirtland’s Warbler are encountered while intensively (nLP) and extensively (UP, WI) surveying 

occupied and suspected habitat during the sampling period.  It is believed that this work 

virtually censuses the world’s population of this species.  A comparison of transect and spot 

mapping methods for censusing this species is discussed in Probst et al. (2005). 

 

 



DATA COLLECTION PROCEDURES 
Census procedures make use of the behavior of male Kirtland's Warblers and involve 

locating and counting territorial males during a ~ 10-day period in June (dates change by 

year): 

a. birds tend to occur in loose assemblages within dense stands of young jack pine 

between five and 20 ft tall; 

b. males defend their territories with loud and persistent vocalizations.  Under good 

weather conditions, a census participant should easily hear singing males within 

1/8 mi; 

c. in good weather, research has suggested that there is a good probability that a 

territorial male will sing at least once during any 5-minute period between sunrise 

and 1100h;  

d. Kirtland’s Warbler songs are variable and may help distinguish between 

individuals; 

e. males frequently move significant distances on their territories. 

 

The census consists of traversing appropriate habitat early in the morning and mapping 

the location of singing male birds.  Census counts should be made between local sunrise 

and 1100h. Local area biologists identify the areas to be worked.  Individuals are then 

recruited to conduct the census in these areas.  Some of these individuals will be 

designated as field surveyors who map and count singing males.  Others may conduct field 

surveys, but are also responsible for coordinating census efforts and reporting results.  

Good planning and communication is required for a successful census. 

 

The following procedures outline acceptable standards and guidelines for conducting the 

census in occupied habitat in the northern Lower Peninsula: 

 

1) traverse the blocks of habitat in parallel lines using a compass or GPS.  These 

transects should be spaced no more than 1/4 mi apart.  Keep track of your 

location on the line by counting paces or with a GPS;   

2) census participants in any one area should start and end at the same time.  Under 

most circumstances, a 1-mi transect should be completed within 1.5 hr.  The 

completion time should be agreed upon prior to starting transects; 

3) stop and listen for singing males every 1/8 mi for one to five minutes.  Where 

possible, listen in an opening or on higher ground.  When you hear a bird, note its 

location on a map.  Pay attention to males that may have moved so they are not 

counted twice; 



4) triangulate the locations of singing males with your compass to improve the 

accuracy of the estimated locations on your map.  Remember, the census is a 

conservative estimate– if in doubt, do not count; 

5) record only singing males, and do not count females that may be seen; 

6) if a Kirtland's Warbler is observed, try to determine if it is banded.  If banded, 

record the color of the bands on each leg.  However, it is important to proceed on 

transect lines in a timely fashion, so only minimal time should be spent trying to 

determine band combinations; 

7) wherever possible, complete contiguous blocks of habitat in one morning; 

8) the census should be completed with as little disturbance to the birds as possible.  

Do not play recordings of Kirtland's Warbler songs in occupied habitat; 

9) at the completion of a block of habitat, compare parallel transects and create a 

master map to be submitted to the census coordinator.  The master map should 

have the date the census was performed, a total count of birds, and the names of 

the field surveyors.  Clearly indicate the location (township, range, section) and 

section centers on the map; 

10) the census should not be conducted when there are strong winds or heavy rain; 

11) in areas of potential habitat where singing males are infrequent or widely 

distributed (i.e., northwestern Lower Peninsula, Upper Peninsula, Wisconsin, 

Canada): 

a. the use of recorded songs in these areas is permissible, but do not play the 

recordings in known occupied habitat.  

b. drive roads adjacent to potential habitat, stopping frequently to listen for 

singing males.  Walk into the potential habitat where necessary to ensure 

that the entire stand is covered.  Keep in mind that under good listening 

conditions warblers can only be heard well 1/8 mi away. 

c. document females that are sighted on your census map, but distinguish 

them from the males.  Do not actively search for females.  When a bird is 

observed, try to determine if the bird is banded, and record the color of 

the bands on each leg (upper left, lower left, upper right, lower right. 

 

Recommendations and Reminders: 

 

1) set declination on your compass (the amount depends on where you are).  

Practice pacing using a known distance.  Review the songs of the Kirtland’s 

Warbler and other species; 

2) plan census efforts according to the weather.  On especially cold mornings, census 

counts should be delayed until temperatures have begun to rise but should not be 



made during afternoons.  On warm mornings, the census should be completed by 

1000h.  Wind or rain reduces the ability to hear singing males.  Cold and wet 

weather reduces the frequency of singing; 

3) spot check young, old or marginal habitat.  Report efforts even if singing males are 

not found; 

4) consider the use of handheld radios to facilitate communication for coordinated 

movement on transects; 

5) included as an attachment with the census instructions is a guide that will assist 

you with GPS settings and distance measurements. 

6) it is beneficial for the same people to census the same areas from year-to-year.  It 

develops a familiarity with area, improves confidence in results, and adds an 

understanding of habitat change over the years.  Share your experience with new 

census participants. 

 

DATA ANALYSIS AND REPORTING 
The master field maps of singing male locations should be finalized immediately after 
running the census transects (all field forms are provided during pre-survey multi-
agency meetings).  All field maps should clearly indicate the location of the singing 
males.  Make sure the number of bird locations drawn on each map equals the total 
reported on that map. All data are reported to the Michigan DNR via an identified Area 
Leader (established by the Recovery Team). 
 
MANAGEMENT ACTION THRESHOLDS 
The ongoing habitat management program for Kirtland's Warbler is carried out under the 
direction of the Kirtland's Warbler Recovery Team.  Management for Kirtland’s Warbler is a 
cooperative venture of the USFWS, Michigan Department of Natural Resources, U. S. Forest 
Service, Michigan Department of Military Affairs, and various other private citizens and 
organizations.  Seney NWR (Kirtland’s Warbler WMA) plans to move forward with more 
ecologically-based management, but intensive management for jack pine plantations can still 
occur if the population falls at or below recovery objective (1,000 singing males). 
 
DATA STORAGE PROCEDURES 
The final census results are released only by the authorization of the Recovery Team 

(usually at the summer meeting) and electronic copies of these data are available upon 

request from the Michigan DNR, where master files are found.  Georeferenced data on 

number of birds surveyed on Kirtland’s Warbler WMA (point data in a GIS shapefile) can 

and should be obtained each year by request of the Michigan DNR and/or USFWS East 

Lansing Field Office and an electronic dbase (Excel) of these data should be kept on file 

at the Refuge.  

 
 



SPECIAL CONSIDERATION 
Field crew members: 

1) must be in good physical condition, be able to walk long distances, and have 

reasonably good hearing; 

2) must be able to identify bird songs, especially all Kirtland's Warbler vocalizations 

and those of other species occurring in young jack pine habitat; 

3) must be able to navigate with a compass and pacing.  The use of a GPS unit is 

highly recommended; 

4) must be able to triangulate to estimating bird locations for more accurate 

mapping and to avoid over-counting. 

 
LITERATURE USED 
Mayfield, H.F. 1992. Kirtland’s Warbler. In: The Birds of North America, No. 19 (A. Poole, P. 

Stettenheim, and F. Gill, Eds.). Philadelphia: The National Academy of Natural Sciences; 
Washington DC: The American Ornithologists’ Union. 

 
Probst, J.R., Donner Wright, D., Bocetti, C.I. and S. Sjogren. 2003. Population increase in 

Kirtland’s Warbler and summer range expansion to Wisconsin and Michigan’s Upper 
Peninsula, USA. Oryx 37:1-10. 

 
Probst, J.R., Donner Wright, D., Worland, M., Weinrich, J., Huber, P. and K.R. Ennis. 2005. 

Comparing census methods for the endangered Kirtland’s Warbler. Journal of Field 
Ornithology 76:50-60. 

 

EFFORT AND COSTS 
Survey costs differ based upon whether surveys are done in the Upper Peninsula or the Lower 

Peninsula. In the Upper Peninsula, volunteers assist refuge staff and interns in surveying 

adjacent, jack pine-dominated lands managed by the Michigan DNR. The amount of land 

surveyed is directly proportional to amount of time spent and overall cost. Surveys, 

preparation, and reporting time take approximately 4-6 hrs/day/person and survey effort 

usually extends for approximately 4-7 days/person (16-42 hrs/person). Some miscellaneous fuel 

costs are associated with the survey in the Upper Peninsula (approximately $25/day/vehicle). In 

the Lower Peninsula, daily surveys costs are higher due to housing and per diem, with 

considerably more cost in fuel. 
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PREFACE 
 
This document is a product of the National Wind Coordinating Collaborative (NWCC) Wildlife 
Workgroup. It is being released as a Resource Document for educational and informational 
purposes. The document has been reviewed and approved by an NWCC working group with 
relevant experience; but, by choice of the NWCC, has not been carried through the full NWCC 
consensus process. Publication does not presume that all Members have reviewed the content 
of the document. 
 
Since 1994, the NWCC has provided a neutral forum for a wide range of stakeholders to pursue 
the shared objective of developing environmentally, economically, and politically sustainable 
commercial markets for wind power in the United States. The NWCC forum provides 
opportunities for dialogue among lawmakers, public agencies and regulators, conservationists, 
and industry to discuss and develop unbiased and authoritative publically-available information 
on siting wind power. 
 
The mission of the NWCC Wildlife Workgroup is to identify, define, discuss, and through broad 
stakeholder involvement and collaboration address wind-wildlife and wind-habitat interaction 
issues to promote the shared objective of developing commercial markets for wind power in the 
United States. 
 
The NWCC published Studying Wind Energy/Bird Interactions: A Guidance Document in 1999. 
In the intervening 12 years much has been learned about the impacts of wind energy 
development on wildlife and their habitat. In consideration of this increase in knowledge, the 
NWCC published this expanded resource document. In addition to updating the methods and 
metrics available for studying wind energy and bird interactions, this resource document 
broadens its focus to include other wildlife, particularly bats, provides an abundance of case 
studies illustrating the application of methods and metrics, and introduces the concept of a 
decision framework.   
 
 
For more information on the NWCC, please visit www.nationalwind.org.  
 

 
DISCLAIMER 

Any specific technologies or vendors mentioned in this Guide are either included as examples 
or as references to work carried out using these technologies/vendors. The mention of specific 
technologies is not an endorsement of these over other technologies. 
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INTRODUCTION 
 
A desire to maximize the knowledge gained from the emerging study of wind energy/wildlife 
interactions prompted the National Wind Coordinating Collaborative (NWCC; 
http://www.nationalwind.org) to publish Studying Wind Energy/Bird Interactions: A Guidance 
Document (Anderson et al. 1999). As concern over potential impacts to bats emerged as a 
significant issue for renewable energy, the NWCC supported the publication of Assessing 
Impacts of Wind Energy Development on Nocturnally Active Birds and Bats: A Guidance 
Document (Kunz et al. 2007a). Subsequent to the publication of Anderson et al. (1999), much 
has been learned about the impacts of wind energy development on wildlife and their habitat. In 
consideration of this increase in knowledge and of new methods and metrics that have been 
developed, the NWCC published this resource document that expands on Anderson et al. 
(1999). While Anderson et al. (1999) focused on the study of wind energy impacts to birds, this 
resource document broadens its focus to include other wildlife, particularly bats.  This document 
provides a review of the available methods and metrics and makes suggestions regarding their 
application. Notwithstanding, our recommendations should not be considered prescriptive as all 
sites are unique to some extent, and methods, metrics, and protocols by which they are applied 
should be adjusted to each individual situation. 
 
The energy from wind was first used to generate electricity in the United States nearly 100 years 
ago. In 1999, commercial wind energy facilities existed in 15 states. As of 2005, wind facilities 
had expanded to 30 states (http://www.awea.org). By November 2008, 21,017 megawatts (MW) 
of wind energy installed capacity existed in the United States, with an additional 8,584 MW 
under construction. In 2008, the United States Department of Energy (USDOE) published a 
report suggesting that it is technically feasible to use wind energy to generate 20% of the 
nation's electricity demand – approximately 3,000,000 MW – if significant challenges are 
overcome (USDOE 2008). By the end of 2010, the United States had a wind energy capacity of 
40,180 MW, with an additional 5,600 MW of wind energy under construction in the first quarter 
of 2011 (www.awea.org).   
 
The use of wind energy also is growing rapidly in many other countries, having reached a 
capacity potential of over 47,000 MW worldwide in 2004 (http://www.awea.org); by the end of 
2010, this had increased to over 196,000 MW of capacity worldwide (www.wwindea.org). 
Whereas wind energy, like other renewable energy resources, offers the prospect of significant 
environmental benefits, the effects of wind energy developments on birds, bats and other 
wildlife and their habitat have raised important legal and ecological issues in the permitting and 
operation of wind facilities. 
 
Wind energy developers must consider a multitude of issues, including potential impacts on 
wildlife, when making the decision to pursue a project (www.awea.org/sitinghandbook/). The 
developer must first look for areas with abundant, reliable wind in a region where there is a 
market for wind-generated electricity.  Project proponents then look for obtainable sites within 
that area that have cost-effective access and transmission capability. Once these preliminary 
data have been gathered, project proponents begin to look at the potential permitting issues 
they will face.  One of these permitting issues is the potential effects the facility may have on 
wildlife and their habitat. This document addresses the wildlife and wildlife habitat component of 
this siting process.  
 
 

http://www.nationalwind.org/�
http://www.awea.org/�
http://www.awea.org/�
http://www.awea.org/�
http://www.wwindea.org/�
http://www.awea.org/sitinghandbook/�
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PURPOSE AND SCOPE OF THIS DOCUMENT 
 
This document is intended as a guide to persons involved in designing, conducting, or requiring 
wind energy/wildlife interaction studies. The document follows a general framework for 
progressing through the decision process for a proposed wind project and a guide to methods 
and metrics for use in the necessary studies. This guide is relevant to the study of any wildlife 
species, although our focus is on birds and bats. Specifically, our aims are to: 
 

1. Describe a potential framework that utilizes the basic concepts of risk-based 
decisions explicitly addressing issues associated with the effects on wildlife, 
particularly birds and bats, from the development and operation of wind energy 
facilities, in the pre- and post-construction phases of the development. A framework 
should provide a structure for focusing scientific principles and critical thinking toward 
the goal of effective environmental management, and integrating the views of diverse 
scientists, regulators, and public participants. A framework also should be useful as a 
decision tool to support regulatory decision making.  

2. Provide a reference document for use in the production of a body of scientific 
information adequate to: 

• assess the suitability of a proposed wind facility site with regard to species of 
concern, including the potential for fatalities and for habitat loss; 

• assess the potential effects of a proposed wind energy facility on species of 
concern; 

• evaluate the actual effects of the implementation of wind energy technology 
on wildlife; and, 

• evaluate the effectiveness of measures taken to avoid, minimize, or offset 
significant adverse impacts and risk reduction management actions to reduce 
future impacts. 

3. Provide sufficiently detailed and clearly understandable methods, metrics, and study 
designs for use in the study of wind energy/wildlife interactions. 

4. Promote efficient, cost-effective and consistent study designs, methods, and metrics 
that will produce comparable data that could reduce the overall need for future 
studies. 

5. Provide study designs and methods for the collection of information useful in 
reducing potential risk to wildlife in existing and future wind facilities. 

 
Using generally agreed-upon and scientifically appropriate methods and metrics should help to 
enhance both the credibility and the comparability of study results, including the results of 
studies conducted at different sites with different study objectives. 
 
The benefits of achieving these objectives are numerous. If study methods and metrics are 
generally agreed-upon, stakeholders can focus on the implications of study results rather than 
on debating the validity of the data and how they were obtained. If different studies generate 
comparable results, the total set of wind energy/wildlife interaction data will be increased. This in 
turn should help in understanding the differences and similarities among wind energy 
developments, in anticipating potential wildlife issues at yet-to-be-developed wind energy sites, 
and in generating a body of knowledge about how wind energy development and operation 
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affects wildlife that can be disseminated to the public. It should also lead to a more efficient use 
of research and monitoring budgets. 
 
It is neither possible nor appropriate to provide a detailed “cookbook” approach to every site-
specific situation. Not all jurisdictions will require the same level of information on wildlife in 
conjunction with permitting a wind energy development, and each site will be unique to some 
extent. Many situations will require site-specific knowledge and expert recommendations as to 
which study design and methods are most appropriate. Notwithstanding, when wildlife studies 
are conducted the information in this document can be used to develop protocols specifically 
designed for each site. 
 
This document is an update of Anderson et al. (1999). It provides an overview of wind 
energy/wildlife interactions, updated technical discussion of the basic concepts and tools for 
studying these wind energy interactions, and extensive case studies illustrating the application 
of many of these tools. Establishing standard metrics, methods, and study designs does not 
reduce the potential for adverse impacts, mitigate impacts, or guarantee a siting permit. It can 
help ensure that credible, acceptable, scientifically rigorous information is gathered wherever 
such information is required for wind energy site development.  
 
While the list of metrics provided in this document is not exhaustive, the technical and biological 
information needs and approaches presented in this document can support informed decisions 
regardless of the size of the wind energy development project or the number of species and 
individuals potentially affected. These methods and metrics provide the basis both for assessing 
risk and for estimating impacts to wildlife. Nevertheless, wind energy project permitting, whether 
federal, state or local, may focus primarily on impacts prediction. Thus, studies should always 
be designed to provide information that helps the decision makers (permitting authorities) 
determine whether risk and/or impacts are likely to be significant, and whether mitigation 
measures, defined as avoidance, minimization or compensatory mitigation (replacement), are 
appropriate in the permit decision process.  
 
For each of the methods and metrics we describe, we will attempt to point out their relative 
advantages, disadvantages, and underlying assumptions. In practice, project-specific protocols 
should be developed to accomplish specific study objectives. The optimal protocol will vary 
depending on the study objective and the amount and quality of preexisting information. 
 
The appropriate study methods will vary depending on whether the primary species of interest is 
large (e.g., raptors, ungulates) or small (e.g., passerines, bats), nocturnal (e.g., bats, rodents, 
owls) or diurnal, migratory or resident, and so on. Methods also will vary depending on the 
objectives of the study. Study objectives must be clearly defined in order to determine the 
appropriate study design. The intent of this document is not to advise regulators on what the 
objectives of a study of wildlife impact should be, but rather to provide a guide on how to 
conduct a scientifically defensible study that achieves specified objectives, using methods and 
metrics that can meaningfully be compared against an agreed-upon benchmark. 
 
 

HISTORICAL PERSPECTIVE 
 
Most of the attention historically has been focused on fatalities of birds at wind facilities, and 
especially on raptors in the United States (Anderson and Estep 1988; Estep 1989; Howell and 
Noone 1992; Orloff and Flannery 1992; Hunt 1995; Howell 1995; Smallwood and Thelander 
2004b, 2005). 
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The detection of dead raptors at the Altamont Pass Wind Resource Areas (APWRA) (Anderson 
and Estep 1988; Estep 1989) triggered concern on the part of regulatory agencies, 
environmental and conservation groups, resource agencies, wind power companies, and 
electric utilities. This led the California Energy Commission and the planning departments of 
Alameda, Contra Costa, and Solano counties to commission the first extensive study of bird 
fatality at the APWRA (Orloff and Flannery 1992). 
 
Prior to the mid-1990s other North American and European studies of wind energy/bird 
interactions documented deaths of songbirds (Orloff and Flannery 1992, Pearson 1992, 
Winkelman 1994, Higgins et al. 1995, Anderson et al. 1996) and waterbirds (Pearson 1992, 
Winkelman 1994). Research at Tarifa, Spain identified a high fatality rate for the griffon vulture 
(Gyps fulvus) (Martí 1994). These early studies also found that bats were killed at wind energy 
facilities (e.g., Higgins et al. 1995).  
 
In 1992, the California Energy Commission and Pacific Gas and Electric Company sponsored a 
wind energy/bird interaction workshop focusing on wind energy effects on birds. This workshop 
convened interested parties to discuss the issue and its evaluation, thus taking an initial step 
toward the development of a nationwide approach. A research program directed by Kenetech 
Windpower, Inc. focused on the sensory and behavioral aspects of wind energy/bird interactions 
and represented another significant early effort to address the avian fatality issue. At the same 
time, the USDOE/National Renewable Energy Laboratory (NREL; http://www.nrel.gov/) initiated 
a program to identify and prioritize research needs, provide technical advice, and fund or cost-
share numerous research projects. 
 
The NWCC was formed as a partnership of experts and interested parties in 1994 to provide a 
neutral forum for a wide range of stakeholders. Funded by the US Department of Energy, the 
NWCC was established with the objective of developing environmentally, economically, and 
politically sustainable commercial markets for wind power in the United States. The NWCC 
focused on issues that potentially affected the use of wind power for the generation of electricity 
including wildlife and habitat impacts associated with the development of wind power. 
 
In July 1994, the NWCC convened a national workshop in Denver, Colorado. Sponsored by 
NREL, USDOE, AWEA, National Audubon Society (Audubon), Electric Power Research 
Institute (EPRI), and Union of Concerned Scientists, the workshop examined existing 
information and concern about wind energy/bird interactions. One major focus was on 
systematizing the search for the factors responsible for avian deaths from wind energy facilities, 
and on placing efforts to reduce avian fatality on a firm, scientific basis (Proceedings of the 
National Avian Windpower Planning Meeting [NAWPM] 1995). Since that time, there have been 
additional NWCC planning meetings, research meetings and other collaborative efforts 
designed to advance the understanding of the impact of wind energy development on wildlife 
(NWCC Wildlife Workgroup; http://www.nationalwind.org/issues/wildlife.aspx). 
 
Shortly after the first planning meeting, the NWCC formed an Avian Subcommittee to carry 
forward the work, begun at the 1994 NWCC workshop, of identifying and setting priorities for 
wind energy/bird interaction studies. The Subcommittee provided advice to funding agencies, 
promoted communication among participants in wind energy developments regarding 
approaches to resolving wind energy/bird conflicts, and facilitated the development of standard 
protocols for conducting wind energy/bird interaction studies. In January of 2003, primarily 
because of increasing concern over the number of bat fatalities occurring at modern facilities, 

http://www.nrel.gov/�
http://www.nationalwind.org/issues/wildlife.aspx�
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the Avian Subcommittee changed its name to the Wildlife Workgroup (WW) and changed its 
focus to consider all wildlife issues relevant to wind energy development. 
 
The NWCC felt that interested parties needed a better understanding of the effect of wind 
energy development on birds and whether fatality levels and risk vary from one WRA to another 
around the nation. Yet definitive research results on these complex questions require numerous 
studies over a period of several years – studies that often are field-intensive, time-consuming, 
and costly.  
 
In September, 1995, the Avian Subcommittee sponsored a second national workshop in Palm 
Springs, California, to facilitate communication among avian researchers, regulators, and 
groups needing scientific information to review wind energy development proposals. An 
outcome of this meeting was the recommendation that a group of ornithologists, statisticians, 
and environmental risk specialists develop a set of study protocols and measures of wind 
energy/bird interactions that could be adopted by the NWCC; Studying Wind Energy/Bird 
Interactions: A Guidance Document (Anderson et al. 1999) was the result of that effort. It was 
hoped that this document would facilitate the comparison of results from wind energy/bird 
studies in different areas, and that it would lead to improved understanding of potential causal 
factors in wind energy/bird interactions. 
 
Produced by the Avian Subcommittee, Anderson et al. (1999) was reviewed by a wide range of 
stakeholders and was endorsed by the NWCC as a valuable reference that could be used 
throughout the nation. A separate NWCC document, Permitting of Wind Energy Facilities 
Handbook (NWCC 1998), was developed “to help stakeholders make permitting decisions in a 
manner which assures necessary environmental protection and responds to public needs.” The 
Handbook provided an overview of the basic features of a wind project and discussed the 
permitting process. It also described many of the issues that may arise in the permitting process 
and provided trade-off considerations and strategies for dealing with the issues. The potential 
impact of wind development on bird resources of concern was one of these issues. Permitting of 
Wind Energy Facilities also provided information on the steps and participants involved in the 
permitting process of a wind facility project. 
 
Results of the early research at the APWRA increased scrutiny and caution during the 
permitting of new wind facility developments, often resulting in costly delays. Subsequent 
research at Tehachapi, California, found much lower raptor fatalities than at APWRA (Anderson 
et al. 2004) but also indicated that the Tehachapi Pass WRA and the APWRA differed—most 
importantly, that raptor use may be much lower in the Tehachapi Pass WRA. Yet, this 
comparison suffered from the fact that protocols and study objectives were substantially 
different among these studies. Over time, additional research results from other United States 
avian studies provided some support for the belief that not all wind developments would result in 
the same level of bird fatalities as at the APWRA. Recent results from avian research at other 
wind sites where many of these metrics are comparable suggest that wind turbines can be sited 
in a manner that reduces the potential for bird fatalities (NRC 2007). However, the comparability 
of metrics has been confounded by the use of different fatality estimators and small sample 
sizes, some of which may be biased severely low or high, potentially leading to misleading 
conclusions. For example, the number of studies at facilities in the mountains of the eastern 
U.S. are very limited and one, the Buffalo Mountain, Tennessee, study (Fiedler 2004) included 
in the NRC (2007) report, contained a very small sample size, only 3 turbines, and used an 
early estimator (Johnson 2005). 
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While fatality impacts have been the primary focus of most wind energy and wildlife studies, 
habitat impacts from wind energy development are also of concern, especially in the Midwest 
(e.g., Shaffer and Johnson 2008) and the Pacific Northwest (e.g., Erickson et al. 2004). Habitat 
impacts are of particular concern where native habitat has been reduced due to various land 
uses and where wind resources and the remaining native habitat significantly overlap. 
 
Subsequent to publication of Anderson et al. (1999), the Avian Subcommittee changed its name 
and focus to all wildlife, and broadened its perspective to include potential habitat impacts. 
While the information on methods and study designs in Anderson et al. (1999) were generally 
transferable to all species, the information was deficient in the coverage of methods and metrics 
for nocturnally active species and to a lesser extent to the study of habitat impacts. The 
deficiencies related to nocturnally active species were partially addressed at the November 
2006 Wildlife Workgroup meeting when NWCC sponsored the development of nocturnal 
methods and metrics guidelines (Kunz et al. 2007a), adopted herein as Appendix A. 
 
 

REVIEW OF WIND ENERGY FACILITY HAZARDS TO WILDLIFE 
 
The following review is focused principally on birds and bats and is primarily based on three 
recent reviews, the National Academies’ NRC report on Environmental Impact of Wind Energy 
Projects (NRC 2007), The Wildlife Society’s white paper on the Impact of Wind Energy Facilities 
on Wildlife (Arnett et al. 2007b), and Kunz et al.’s (2007b) review of the Ecological Impacts of 
Wind Energy Development on Bats.  
 
Fatalities 
 
Wind turbines cause fatalities of birds and bats through collision, typically assumed to be with 
the turbine blades. There is, however, some evidence that some percentage of bat fatalities 
result from rapid decompression, often called barotrauma (Baerwald et al. 2008), resulting when 
bats encounter suddenly changing pressures near the rapidly moving blade tip and outer 
portions of the blade. Species differ in their vulnerability to collision. Passerines are the most 
common species occurring within a wind facility and make up the vast majority of avian fatalities 
found at modern wind facilities. Nevertheless, individuals of other species (e.g. raptors) appear 
to be at greater risk of collision, when risk is defined as the probability of collision given 
exposure to a wind facility (NRC 2007, Arnett et al. 2007b). Avian fatality rates are fairly 
consistent across the country at most facilities that have been studied with appropriate methods 
(Figure 1.1); that is, 42 of the 63 studies report fatalities of all birds at less than or equal to three 
fatalities/MW/year. However, caution should be exercised when comparing fatality estimates 
from different studies when different estimators were used. Among the 63 studies listed in 
Figure 1.1, different estimators were used, and some of the estimators have been shown to be 
biased low, while others may be biased high. The comparison of fatality estimations is further 
compounded by the varying search intensities, study lengths, study timing, the size of the 
search areas, and biases from unaccounted crippling losses (Huso 2009, 2010; Manville 2009). 
Some of these biases could lead to under-counting of carcasses (e.g., plot size). However, 
treating all bird fatality evidence as wind turbine kills could lead to an overestimate. For 
example, Johnson et al. (2000a) found a background mortality of approximately 33%.   
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Figure 1.1. All bird fatalities per nameplate MW per year at North American facilities with published fatality data. 
Data from the following sources: 

Buffalo Mountain, TN (2000-2003) Nicholson et al. 2005 Combine Hills, OR Young et al. 2006 Munnsville, NY Stantec 2008b 

Blue Sky Green Field, WI Gruver et al. 2009 Big Horn, WA Kronner et al. 2008 Buffalo Ridge, MN (Phase I; 1999) Johnson et al. 2000a 
Leaning Juniper, OR Gritski et al. 2008 Buffalo Ridge, MN (Phase I; 1997) Johnson et al. 2000a Noble Ellenburg, NY (2008) Jain et al. 2009a 

Buffalo Ridge, MN (Phase III; 1999) Johnson et al. 2000a Biglow Canyon I, OR (2009) Jeffrey et al. 2009a Buffalo Gap, TX Tierney 2007 
Diablo Winds, CA WEST 2008 Buffalo Ridge, MN (Phase II; 1998) Johnson et al. 2000a Hopkins Ridge, WA Young et al. 2007 

Buffalo Ridge, MN (Phase I; 1996) Johnson et al. 2000a Foote Creek Rim, WY (Phase I; 2000) Young et al. 2003b Noble Clinton (2009) Jain et al. 2010b 

Buffalo Ridge, MN (Phase II; 1999) Johnson et al. 2000a Noble Clinton, NY (2008) Jain et al. 2009b High Winds, CA (2005) Kerlinger et al. 2006 
Stateline, OR/WA (2002) Erickson et al. 2004 Kewaunee County, WI Howe et al. 2002 Buffalo Mountain, TN (2006) Fiedler et al. 2007 
Maple Ridge, NY (2007) Jain et al. 2008 Foote Creek Rim, WY (Phase I; 2001/2002) Young et al. 2003b Summerview, Alb. (2005/2006) Brown and Hamilton 2006 

Foote Creek Rim, WY (Phase I; 1999) Young et al. 2003b Cohocton/Dutch Hill, NY Stantec 2010 SMUD, CA URS et al. 2005 

Klondike II, OR NWC and WEST 2007 Biglow Canyon I, OR (2008) Jeffrey et al. 2009a Vansycle, OR Erickson et al. 2000a 
Buffalo Ridge, MN (Phase I; 1998) Johnson et al. 2000a Mars Hill, ME (2008) Stantec 2009a Klondike, OR Johnson et al. 2003 
Mountaineer, WV  Kerns and Kerlinger 2004 Mars Hill, ME (2007) Stantec 2008a Top of Iowa, IA (2004) Jain 2005 

Stateline, OR/WA (2003) Erickson et al. 2004 NPPD Ainsworth, NE Derby et al. 2007 Elk Horn, OR Jeffrey et al. 2009b 

Noble Bliss, NY (2008) Jain et al. 2009d High Winds, CA (2004) Kerlinger et al. 2006 Grand Ridge, IL Derby et al. 2010g 

Nobel Bliss, NY (2009) Jain et al. 2010a Wild Horse, WA Erickson et al. 2008 Top of Iowa, IA (2003) Jain 2005 

Nine Canyon, WA Erickson et al. 2003b Elm Creek, MN Derby et al. 2010d Marengo I, WA (2009) URS Corporation 2010a 

Stetson Mountain, ME Stantec 2009b Casselman, PA Arnett et al. 2009b Marengo II, WA (2009) URS Corporation 2010b 
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There are also no clear-cut differences in avian fatality rates among different land cover types. 
In general, avian fatality rates appear similar in agricultural landscapes (37 facilities; 
2.80/MW/study period), grassland (20 facilities; 2.41/MW/study period), and forested 
landscapes (9 facilities; 3.27/MW/study period). Nevertheless, there is some indication that 
passerine fatality rates may be higher in the mid-western (e.g., Buffalo Ridge, Phase III; 
5.93/MW/study period) and eastern United States (e.g., Maple Ridge; 5.81/MW/study period), 
particularly at facilities in mountain settings (Buffalo Mountain 2000-2003; 13.93/MW/study 
period). Unfortunately, the number of facilities in the eastern United States makes testing the 
hypothesized relationship between landscape and fatality rates impossible at the present time. 
For example, while the Buffalo Mountain facility (2000-2003, 13.93/MW/study period) is a 
mountain top facility in the east and has the highest reported fatality rate, this facility contained 
only three turbines during the study (Nicholson 205). The Mountaineer facility (3.00/MW/study 
period) is also a mountain top facility with 44 turbines, but the fatality rate is similar to that 
estimated for facilities in western grassland and agricultural settings. Interestingly, a subsequent 
study of an expanded Buffalo Mountain facility (Fiedler et al. 2007) found a much lower fatality 
rate in 2005 (1.10/MW/study period). 
 
The relatively high raptor fatality rate at the APWRA (Orloff and Flannery 1996) was the original 
catalyst that raised public concern over the impact of wind energy development on birds. While 
raptor fatality rates are relatively low at most modern wind energy facilities (Figure 1.2), raptor 
fatalities are still much higher relative to the number of individuals exposed to collisions than are 
passerines (NRC 2007). Of the 36 studies providing annual estimates of fatalities corrected for 
detection bias, raptor fatalities ranged from zero at several facilities to approximately 
0.87/MW/study period at the Diablo Winds, California, facility (WEST 2008). Even though the 
raptor fatality rates reported at APWRA are still the highest of those facilities having been 
studied, raptor fatality rates in California in general are much higher than reported at other 
facilities around the country. As with fatality rates for all birds, there were no clear differences in 
raptor fatality rates among different land cover types. 
 
Bat fatalities were initially found incidental to the study of avian fatalities. However, as more 
sites were studied it became obvious that bat fatalities were a common phenomenon at wind 
energy facilities (Figure 1.3). Of the 66 current studies providing annual estimates of bat 
fatalities, most studies (54) reported bat fatality rates of less than 10/MW/study period, ranging 
from 0.07/MW/study period at the SMUD facility in California to 39.7/MW/study period at Buffalo 
Mountain (2006) in Tennessee. Arnett et al. (2008) reviewed 21 studies from 19 different wind 
energy facilities in five regions in the United States and one province in Canada. The review 
illustrated the wide range of protocols used in estimating bat fatality rates and recommended 
caution in comparing the results of these studies. Arnett et al. (2008) summarized bat fatalities 
as highest at wind energy facilities located on forested ridges in the eastern U.S. (14.9 – 
53.3/MW/study period) and lowest in the Rocky Mountain and Pacific Northwest regions (0.8 – 
2.5/MW/study period). However, the researchers caution that bat fatalities can be highly variable 
even among facilities in close proximity.  
 
The highest bat fatality rates in the United States have been reported at three facilities in the 
mountains in the eastern part of the country, and it has been assumed that facilities constructed 
in this landscape would present the most risk to bats. Recent evidence from studies in the 
Northeast (e.g., Maple Ridge; Jain et al. 2007), Upper Midwest (Top of Iowa; Jain 2005), Cedar 
Ridge in Wisconsin (BHE Environmental 2010), Blue Sky Green Fields in Wisconsin (Gruver et 
al. 2009), and in southern Alberta, Canada (Baerwald 2008), however, suggest that facilities 
constructed in agricultural landscapes also may result in relatively high bat fatality rates.  
 



 

 

Comprehensive Guide to Studying Wind Energy/Wildlife Interactions 10 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00
# f

at
al

iti
es

/M
W

/y
ea

r

Wind Energy F acility

Raptor Fatality Rates

 
Figure 1.2. Raptor fatalities per nameplate MW per year at North American facilities with published fatality data. 
Data from the following sources: 

Diablo Winds, CA WEST 2008 Klondike II, OR NWC and WEST 2007 Biglow Canyon I, WA (2009) Jeffrey et al. 2009a 
SMUD, CA URS et al. 2005 Summerview, Alb. (2005/2006) Brown and Hamilton 2006 Biglow Canyon I, WA (2008) Jeffrey et al. 2009b 
Noble Ellenburg, NY (2009) Jain et al. 2010c Buffalo Gap, TX Tierney 2007 Foote Creek Rim, WY (Phase I; 2000/2002) Young et al. 2003b  
Noble Ellenburg, NY (2008) Jain et al. 2009a Stateline, OR/WA (2002) Erickson et al. 2004 Buffalo Mountain, TN (2000-2003) Nicholson 2003, Nicholson et al. 2005 
Noble Clinton, NY (2008) Jain et al. 2009b Stateline, OR/WA (2003) Erickson et al. 2004 Combine Hills, OR Young et al. 2006 
Maple Ridge, NY (2007) Jain et al. 2008 Wild Horse, WA  Erickson et al. 2008 Klondike, OR Johnson et al. 2003 
Noble Clinton, NY (2009) Jain et al. 2010b Foote Creek Rim, WY (Phase I; 1999) Young et al. 2003b Vansycle, OR Erickson et al. 2000a 
Leaning Juniper, OR Gritski et al. 2008 Klondike III, OR Gritski et al. 2009 Dillon, CA Chatfield et al. 2009 
Noble Bliss, NY (2008) Jain et al. 2009d NPPD Ainsworth, NE Derby et al. 2007 Marengo I, WA (2009) URS Corporation 2010a 
Noble Bliss, NY (2009) Jain et al. 2010a  Foote Creek Rim, WY (Phase I; 2000) Young et al. 2003b Grand Ridge, IL Derby et al. 2010g 
Big Horn, WA Kronner et al. 2008 Nine Canyon, WA Erickson et al. 2003b Buffalo Mountain, TN (2006) Fiedler et al. 2007 
Hopkins Ridge, WA Young et al. 2007 Marengo II, WA (2009) URS Corporation 2010b Casselman, PA Arnett et al. 2009b 
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Figure 1.3. Bat fatalities per nameplate MW per year at North American facilities with published fatality data. 
Data from the following sources: 

Buffalo Mountain, TN (2006) Fiedler et al. 2007 Noble Ellenburg, NY (2009) Jain et al. 2010c Elm Creek, MN Derby et al. 2010d 
Mountaineer, WV Kerns and Kerlinger 2004 Ripley, Ont. Jacques Whitford 2009 Wessington Springs, SD Derby et al. 2010f 
Cedar Ridge, WI BHE Environmental 2010 Winnebago, IA Derby et al. 2010b Stetson Mountain, ME Stantec 2009b 
Buffalo Mountain, TN (2000-2003) Nicholson et al. 2005 Foote Creek Rim, WY (Phase I; 1999) Young et al. 2003b Klondike III, OR Gritski et al. 2009 
Blue Sky Green Field, WI  Gruver et al. 2009 Noble Clinton, NY (2008) Jain et al. 2009b Elk Horn, OR Jeffrey et al. 2009b 
Cohocton/Dutch Hill, NY Stantec 2010 Crescent Ridge, IL Kerlinger et al. 2007 Stateline, OR/WA (2002) Erickson et al. 2004 
Maple Ridge, NY (2006) Jain et al. 2007 Mars Hill, ME (2007) Stantec 2008a NPPD Ainsworth, NE Derby et al. 2007 
Noble Bliss, NY (2008) Jain et al. 2009d Buffalo Ridge, MN (Phase III) Johnson et al. 2000a Vansycle, OR Erickson et al. 2000a 
Casselman, PA (Spring & Fall 2008) Arnett et al. 2009b Buffalo Ridge, MN (Phase II; 1999) Johnson et al. 2000a Foote Creek Rim, WY (Phase I; 2000) Young et al. 2003b 
Mount Storm, WV (2008) Young et al. 2009 Stateline, OR/WA (2003) Erickson et al. 2004 Klondike, OR Johnson et al. 2003 
Summerview, Alb. (2005/2006) Brown and Hamilton 2006 High Winds, CA (2004) Kerlinger et al. 2006 Buffalo Ridge, MN (Phase I) Johnson et al. 2000a 
Top of Iowa, IA (2004) Jain 2005 Nine Canyon, WA Erickson et al. 2003b Hopkins Ridge, WA Young et al. 2007 
Casselman, PA (Fall 2008) Arnett et al. 2009a Moraine II, MN Derby et al. 2010e Biglow Canyon I, OR (2009) Jeffrey et al. 2009a 
Maple Ridge, NY (2007) Jain et al. 2008 Dillon, CA Chatfield et al. 2009 Munnsville, NY,  Stantec 2008b 
Judith Gap, MT TRC 2008 Buffalo Ridge, MN (Phase II; 1998) Johnson et al. 2000a Mars Hill, ME (2008) Stantec 2009a 
Crystal Lake II, IA Derby et al. 2010a Grand Ridge, IL Derby et al. 2010g Klondike II, OR NWC and WEST 2007 
Top of Iowa, IA (2003) Jain 2005 Biglow Canyon I, OR (2008) Enk et al. 2010 Wild Horse, WA Erickson et al. 2008 
Kewaunee County, WI Howe et al. 2002 Leaning Juniper, OR Gritski et al. 2008 Marengo II, WA (2009) URS Corporation 2010b 
Noble Clinton, NY (2009) Jain et al. 2010b Big Horn, WA Kronner et al. 2008 Marengo I, WA (2009) URS Corporation 2010a 
Wolf Island, Ont. Stantec, Ltd. 2010 Combine Hills, OR Young et al. 2006 Buffalo Ridge I, SD Derby et al. 2010c 
Noble Bliss, NY (2009) Jain et al. 2010a Foote Creek Rim, WY (Phase I; 2001/02) Young et al. 2003b Buffalo Gap, TX Tierney 2007 
Noble Ellenburg, NY (2008) Jain et al. 2009a High Winds, CA (2005) Kerlinger et al. 2006 SMUD, CA URS et al. 2005 
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Migratory tree-roosting bat species (Lasiurus spp. and Lasionycteris noctivagans) are the most 
common bat fatalities found at wind energy facilities. Publically-available fatality data from 70 
wind energy facilities in North America shows that hoary bats (Lasiurus cinereus), silver-haired 
bats (Lasionycteris noctivagans), and eastern red bats (Lasiurus borealis) are the three most 
commonly found bat species during fatality studies, accounting for roughly 77% of all bat 
fatalities. Notwithstanding, Myotis spp comprised approximately 50% of the fatalities at a facility 
in Wisconsin (Gruver et al. 2009). Until recently, no endangered species had been reported 
being killed at existing wind energy facilities. However, in 2009 and again in 2010 a single 
Indiana bat fatality was discovered each September during bat migration at a facility in Indiana 
(Good et al. 2011).   
 
Risks of fatalities to bats in the southwestern United States, especially in Texas, where large 
wind energy facilities exist and have been proposed, are largely unknown. However, the 
Brazilian free-tailed bat (Tadarida brasiliensis) made up a high proportion of bat kills at facilities 
studied within its range (41.3% in California [Kerlinger et al. 2006], 85.6% in Oklahoma 
[Piorkowski 2006], 94% in Texas [Miller 2008]). Piorkowski and O’Connell (2010) speculated 
that the higher rate of Brazilian free-tailed bat fatalities found in the Oklahoma study may have 
been due to the sites’ proximity to a maternity colony. These results suggest that in the 
southwestern United States, the Brazilian free-tailed bat, a long-distance migrant that roosts 
colonially in caves, may be at greater risk than other colonial species in this region (e.g., eastern 
pipistrelles [Pipistrellus subflavus]). 
 
Factors Influencing Fatalities 
 
The factors influencing fatality rates remain poorly understood, but available evidence suggests 
that wildlife bird and bat fatality rates are a function of abundance, local concentrations, and 
behavioral characteristics of species, weather, and the characteristics of the wind energy 
facilities. Abundance likely interacts with behavior to influence exposure of birds to collisions, 
although the relative importance of these two factors is unknown and appears to vary among 
different groups of birds (Lucas et al. 2008). Raptors appear to be the bird group most 
vulnerable to collisions. On average, raptors constitute 6% of the reported fatalities at wind 
energy facilities, yet they are far less abundant than most other groups of birds (e.g., 
passerines). When collisions occur, raptor carcasses are more likely to be found than are the 
carcasses of smaller birds. In contrast, crows, ravens and vultures are among the most common 
bird species seen flying within the rotor swept area of turbines, yet they are seldom found during 
carcass surveys. Nocturnally migrating passerines are the most abundant species at most wind 
energy facilities, particularly during spring and fall migration, and are the most common fatalities 
reported by number among bird species. Migratory tree roosting bats are the most commonly 
reported bat fatalities below turbines, although little is known about the abundance, behavior, 
and the factors influencing the vulnerability of bats to collisions with wind turbines (Kunz et al. 
2007b).  
 
A preliminary analysis of data on fatality rates versus an index of abundance from publicly 
available studies suggests that raptor abundance explains a significant portion of the variability 
in fatality rates among facilities (Figure 1.4). Additional data are needed, particularly in areas 
with intermediate fatality rates, to confirm this relationship, but abundance is very likely one of 
the most important predictors of the risk of fatalities for raptors. Landscape features influence 
raptor density by concentrating prey or by providing favorable conditions for other activities such 
as nesting, feeding, and flying (e.g., updrafts for raptor soaring; (NRC 2007). Landscape 
features (e.g., woodlots, wetlands, and linear landscapes) also may influence the density of 
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other birds and bats, but there is no clear-cut relationship between fatalities of other birds and 
bats and these features. 
 

 

Figure 1.4. Regression analysis comparing raptor use estimates versus estimated raptor 
mortality. 

Data from the following sources: 

Study and Location Raptor Use Source Raptor Mortality Source 

Buffalo Ridge, MN 0.64 Erickson et al. 2002b 0.02 Erickson et al. 2002b 
Combine Hills, OR 0.75 Young et al. 2003c 0.00 Young et al. 2005 
Diablo Winds, CA 2.161 WEST 2006 0.87 WEST 2006 
Foote Creek Rim, WY 0.55 Johnson et al. 2000b 0.04 Young et al. 2003b 
High Winds, CA 2.34 Kerlinger et al. 2005 0.39 Kerlinger et al. 2006 
Hopkins Ridge, WA 0.70 Young et al. 2003a 0.14 Young et al. 2007 
Klondike II, OR 0.50 Johnson 2004 0.11 NWC and WEST 2007 
Klondike, OR 0.50 Johnson et al. 2002 0.00 Johnson et al. 2003 
Stateline, WA/OR 0.48 Erickson et al. 2002b 0.09 Erickson et al. 2002b 
Vansycle, OR 0.66 WCIA and WEST 1997 0.00 Erickson et al. 2002b 
Wild Horse, WA 0.29 Erickson et al. 2003c 0.09 Erickson et al. 2008 
Zintel, WA 0.43 Erickson et al. 2002a 0.05 Erickson et al. 2002b 
Bighorn, WA 0.51 Johnson and Erickson 2004 0.15 Kronner et al. 2008 
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The characteristics of wind energy facilities (e.g., rotor swept area, height, support structure, 
lighting, number of turbines, etc.) may influence bird and bat fatalities. Newer, larger turbines 
installed on monopoles appear to cause fewer bird fatalities than the smaller, lattice-type 
turbines typically used during the initial development of wind energy in the United States (NRC 
2007), although this has not been substantiated by controlled studies.  
 
Scientists understand far less about the risk wind facilities pose to bats because the number of 
bats exposed to collisions is unknown. Assessing potential impacts is further complicated 
because the proximate and ultimate causes of bat fatalities at wind energy facilities are not fully 
understood (Baerwald et al. 2008, Cryan and Barclay 2009; Long et al. 2010a, b). Nevertheless, 
recent evidence suggests that fatalities increase as the number of bat vocalizations (as 
determined with acoustical detection devices) increases near turbines (Kunz et al. 2007a: 
2467). Kunz et al. (2007b) identified eleven hypotheses regarding how, when, where and why 
bats are being killed at wind energy facilities. Cryan and Barclay (2009) further discussed 
hypotheses regarding the causes of bat fatalities at wind facilities. The hypotheses include: 
 

• Linear Corridor Hypothesis. Construction of wind energy facilities along forested ridge 
tops creates clearings that form linear landscapes. Bats frequently use these linear 
landscapes during migration and while commuting and foraging (Limpens and Kapteyn 
1991, Verboom and Spoelstra 1999, von Hensen 2004, Menzel et al. 2005), and thus 
may be placed at increased risk of being killed (Dürr and Bach 2004). 

• Roost Attraction Hypothesis. Tree-roosting bats commonly seek roosts in tall trees 
(Pierson 1998, Kunz and Lumsden 2003, Barclay and Kurta 2007) and thus if wind 
turbines are perceived as potential roosts (Ahlén 2002, 2003, von Hensen 2004), their 
presence could contribute to increased risks of fatality when bats search for night roosts 
or during migratory stopovers. 

• Landscape Attraction Hypothesis. Modifications of landscapes needed to install wind 
energy facilities, such as the construction of wide-access power corridors and the 
removal of trees to create clearings (usually 0.5-2 ha) around each turbine site, create 
conditions favorable for insects upon which bats feed (Lewis 1970, Grindal and Brigham 
1998, von Hensen 2004). Thus, bats that are attracted to and feed on insects in these 
altered landscapes may be at an increased risk of being killed by wind turbines. 

• Low Wind Velocity Hypothesis. Fatalities of aerial feeding and migrating bats are highest 
on nights during periods of low wind velocity (Fiedler 2004, Arnett 2005, von Hensen 
2004, Baerwald et al. 2008), in part because aerial insects are most active under these 
conditions (Ahlén 2002, 2003). 

• Insect Attraction Hypothesis. Flying insects are attracted to the heat produced by 
nacelles of wind turbines (Ahlén 2002, 2003; Corten and Veldkamp 2001; von Hensen 
2004). As bats respond to high densities of flying insects near wind turbines, the risk of 
being struck by turbine blades may increase. 

• Visual Attraction Hypothesis. Bats and their insect prey are attracted to lights placed on 
wind turbines as required by the United States Federal Aviation Administration (FAA), or 
to the reflection from white turbines under moonlit conditions, thus increasing the 
chances of collision and fatality as bats feed on insects (Arnett et al. 2005).  
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• Acoustic Attraction Hypothesis. Bats may be attracted to audible and/or ultrasonic sound 
produced by wind turbines (Schmidt and Joermann 1986, Ahlén 2002, 2003). Sounds 
produced by the turbine generator and the swishing sounds of rotating turbine blades 
may attract bats, thus increasing risks of collision and fatality. 

• Echolocation Failure Hypothesis. Migrating and foraging bats may fail to detect wind 
turbines by echolocation, or miscalculate rotor velocity (Ahlén 2002, 2003, Bach and 
Rahmel 2004). If bats are unable to detect the moving turbine blades, they may be 
struck and killed directly.  

• Electromagnetic-Field Distortion Hypothesis. If bats have receptors sensitive to magnetic 
fields (Buchler and Wasilewski 1985) and wind turbines produce complex, 
electromagnetic fields in the vicinity of the nacelle, the flight behavior of bats may be 
altered by these fields and thus increase the risk of being killed by rotating turbine 
blades.  

• Decompression Hypothesis. Bats flying in the vicinity of turbines may experience rapid 
decompression (Dürr and Bach 2004; von Hensen 2004). Rapid pressure change may 
cause internal injuries and/or disorientation, thus increasing risk of death. 

• Thermal Inversion Hypothesis. The altitude at which bats migrate and or feed may be 
influenced by thermal inversions, forcing them to the altitude of rotor swept areas (Arnett 
et al. 2005). The most likely impact of thermal inversions is to create dense fog in cool 
valleys, possibly concentrating both bats and insects on ridges, and thus encouraging 
bats to feed over the ridges on those nights, if for no other reason than to avoid the cool 
air and fog. 

 
Cryan (2008) proposed an additional hypothesis suggesting that the large turbines appear as 
large trees to male tree-roosting bats and these bats are attracted to these large features in the 
hopes that females also will be attracted. None of these hypotheses have been tested to date 
and are not necessarily mutually exclusive, and several of the hypothesized factors might act 
together to produce the fatalities that have been reported (Kunz et al. 2007b; Johnson et al. 
2007). 
 
It has been hypothesized that the presence of the turbine, even with stationary blades, could 
increase risk to individual birds and bats, especially in periods of poor visibility (fog, rain, night, 
dusk or dawn; NRC 2007). Notwithstanding, of the 64 turbines studied by Kerns et al. (2005), 
bat fatalities were found at all turbines except one that was nonoperational during the study 
period, suggesting that moving blades are the primary cause of bat fatalities. Several studies 
have shown some apparent relationship between bat fatalities and weather (Arnett et al. 2008). 
In a study of two facilities in the northeastern United States, Kerns et al. (2005) found that most 
bat fatalities occurred immediately after a front during low wind conditions. It also has been 
hypothesized that operation during peak periods of bird and bat migration, such as during spring 
and fall, could increase the absolute number of deaths simply because of the large number of 
individuals passing through the area (NRC 2007).  
 
Population Effects 
 
The effect of wind energy related fatalities on bird and bat populations is unknown at facilities, 
with one exception. Avian fatalities are relatively low at the existing facilities where studies have 
been conducted and it is unlikely that population impacts have occurred. Nevertheless, the lack 
of avian density estimates and other population characteristics, the lack of multi-year studies, 



 

 

Comprehensive Guide to Studying Wind Energy/Wildlife Interactions 16 

and the lack of any estimates at most existing wind energy facilities makes it difficult to draw 
general conclusions about the effect of wind energy related fatalities on avian populations (NRC 
2007). At the one site where population effects have been studied, Hunt (2002) found that the 
resident golden eagle population at the APWRA appeared to be self-sustaining, in spite of 
relatively high fatalities, although the effect of these fatalities on eagle populations wintering 
within and adjacent to the APWRA is unknown. Fatality rates of migratory tree bats appear to be 
relatively high in some landscapes (e.g., forested mountain ridges); however, without a better 
understanding of the population status of these species it is impossible to determine the 
biological significance of these fatalities. As the abundance of wind facilities increases, the 
potential for cumulative and significant population effects must be considered (NRC 2007), 
although the focus of concern will continue to be on local populations, where the potential for 
population effects is greatest. 
 
Habitat 
 
Habitat is a species-specific concept. That is, habitat should be discussed with reference to a 
specific species (Morrison et al. 2006). The following is a general discussion of what is known 
about wind energy development on wildlife habitat, although the discussion focuses primarily on 
birds. 
 
Relatively little is known about wildlife habitat impacts from wind development, although there is 
a growing concern, particularly as development expands to native landscapes in the mid-
western region of the United States. Potential wildlife habitat impacts from wind energy 
development include the direct loss of habitat and the loss of habitat due to displacement of 
wildlife from suitable habitat. Generally speaking, wind energy development has a relatively 
small permanent footprint, approximately 1 acre/turbine, and consequently the potential direct 
loss of wildlife habitat is low (NRC 2007). The Bureau of Land Management (BLM) 
Programmatic Environmental Impact Statement (BLM 2005) estimated that the permanent 
footprint of a facility is 5–10% of the site being developed, including turbines, roads, buildings, 
and transmission lines. Displacement effects, on the other hand, have much greater potential 
habitat impacts for species sensitive to human activities. Displacement is considered a 
behavioral avoidance of otherwise suitable habitat because of the presence of a wind facility 
and its infrastructure. If displacement effects are great enough then habitat fragmentation can 
occur. For the purposes of this discussion, fragmentation is considered the separation of a block 
of habitat for a particular species into two or more smaller blocks of habitat, so that the sum of 
the total value of habitat for the species is reduced.  
 
Leddy et al. (1999) found that total breeding bird densities were lower in Conservation Reserve 
Program (CRP) fields with turbines compared to those without turbines in southwestern 
Minnesota. This reduced density was attributed to displacement of birds within 80 m of the 
turbine string (Leddy et al. 1999). Other studies (e.g., Johnson et al. 2000a, Erickson et al. 
2004) suggest that the area of influence of wind turbines on grassland birds is within 
approximately 100 m of a turbine. Notwithstanding, there was no overall reduction in density 
within the larger area (the WRA) surveyed after the facility was in place (Johnson et al. 2000a, 
Erickson et al. 2004). Similar studies at the Stateline (Oregon-Washington) wind facility suggest 
a fairly small-scale impact of the wind facility on grassland nesting passerines, with a large 
portion of the impact related to direct loss of habitat from turbine pads and roads, and temporary 
disturbance of habitat due to construction areas (Erickson et al. 2004). Horned larks 
(Eremophila alpestris) appeared least affected, with some suggestion of displacement for 
grasshopper sparrows (Ammodramus savannarum), although sample sizes were limited. 
Shaffer and Johnson (2008) reported small-scale displacement of songbirds in a study of 
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songbirds in North and South Dakota. This study is described in more detail as a case study in 
Chapter 5. Displacement of waterfowl and shorebirds from 100 to 600 m has been reported at 
wind facilities in Europe (Winkelman 1990, Pedersen and Poulsen 1991, Spaans et al. 1998, 
Fernley et al. 2006). A study conducted in England to assess displacement of wintering 
farmland birds by wind turbines located in an agricultural landscape found that only common 
(ring-necked) pheasants (Phasianus colchicus) appeared to avoided turbines. The other bird 
types and examined (including granivores, red-legged partridge [Alectoris rufa], Eurasian 
skylark [Alauda arvensis] and corvids) showed no displacement from wind turbines. In fact, 
Eurasian skylarks and corvids showed increased use of areas close to turbines, possibly due to 
increased food resources associated with disturbed areas (Devereux et al. 2008). 
 
Most studies suggest that wind facilities have little impact on the nesting of birds (Howell and 
Noone 1992, Johnson et al. 2000b, 2003). The only report of avoidance of wind facilities by 
raptors occurred at Buffalo Ridge wind facility, Minnesota, where raptor nest density on 261 km2 
of land surrounding the facility was 5.94/100 km2, yet no nests were present in the 32 km2 
facility, even though habitat was similar (Usgaard et al. 1997).  
 
Prairie grouse and big game are likely candidates for displacement effects. Prairie grouse, 
which exhibit high site fidelity and require extensive grasslands, sagebrush, and open horizons 
(Giesen 1998, Fuhlendorf et al. 2002), may be especially vulnerable to wind energy 
development (Arnett et al. 2007b). Leks, the traditional courtship display grounds of greater 
sage-grouse (Centrocercus urophasianus), Gunnison’s sage-grouse (C. minimus), sharp-tailed 
grouse (Tympanuchus phasianellus), lesser prairie-chicken (T. pallidicinctus), and greater 
prairie-chicken (T. cupido), are consistently located on elevated or flat grassland sites with few 
vertical obstructions (Flock 2002), terrain very often attractive to wind energy developers.  
 
Several studies have demonstrated that prairie grouse strongly avoid certain anthropogenic 
features such as roads, buildings, powerlines, and oil and gas wells, resulting in sizable areas of 
habitat rendered less suitable (Braun et al. 2002, Holloran 2005, Pitman et al. 2005, Pruett et al. 
2009, Robel et al. 2004). Much of the infrastructure associated with wind energy facilities, such 
as power lines and roads, are common to most forms of energy development and it is 
reasonable to assume that impacts would be similar. Nevertheless, there are substantial 
differences between wind energy facilities and most other forms of energy development, 
particularly related to human activity. While results of studies of other anthropogenic features 
suggest the potential exists for wind turbines to displace prairie grouse from occupied habitat, 
well-designed studies examining impacts of wind turbines themselves on prairie grouse are 
currently lacking. Ongoing telemetry research being conducted by Kansas State University to 
examine response of greater prairie-chickens to wind energy development in Kansas (McNew et 
al. 2009) and a similar study being conducted  on greater sage-grouse response to wind energy 
development in Wyoming (Johnson et al. 2009a) will help to address this lack of knowledge. In 
addition to these ongoing telemetry studies, studies of lesser prairie chicken and sharp-tailed 
grouse response to wind turbines in Nebraska (Nebraska Game and Parks Commission [NGPC] 
2009) and studies of greater prairie chicken response to wind turbines in Minnesota (Toepfer 
and Vodehnal 2009) have found that some prairie grouse on leks as well as nesting hens do not 
appear to avoid turbines on the sites studied. Greater prairie chicken lek surveys were 
conducted three years before and five years after construction of a wind energy facility at a site 
in the southern Flint Hills of Kansas (Johnson et al. 2009b). During the year immediately 
preceding construction of the project (2005), 10 leks were present on the project area, with 103 
birds on all leks combined.  By 2009, four years after construction, only one of these 10 leks 
remained active, with three birds on the lek.  The 10 leks were located between 88 m to 1,470 m 
from the nearest turbine, with a mean distance of 587 m; eight of the ten leks were located 
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within 0.8 km (0.5 mi) of the nearest turbine.  Although this decline may be attributable to 
development of the wind energy facility, greater prairie chicken populations have declined 
significantly in the Flint Hills due to the practice of annual spring burning.  During the same time 
frame that leks were monitored at the Elk River facility, the estimated average number of greater 
prairie chickens in the southern Flint Hills declined by 65 percent from 2003 to 2009.  In Butler 
County, the estimated number of birds declined by 67 percent from 2003 to 2009 (Kansas 
Department of Wildlife and Parks, unpublished data).  This regional decline is attributed 
primarily to the practice of annual spring burning and heavy cattle stocking rates, which remove 
nesting and brood-rearing cover for prairie chickens (Robbins et al. 2002).  While not a true 
reference for this study area, this suggests that it is unlikely that the decline of prairie chickens 
on the Elk River site was due entirely to the presence of wind turbines (Johnson et al. 2009a).  
 
The only study to have examined response of greater sage-grouse to wind energy development 
is being conducted at a wind energy facility in Carbon County, Wyoming (Johnson et al. 2010, 
Beck et al. 2011).  Based on surveys at three leks, the mean number of males decreased from 
43 in 2008, the year prior to construction, to 23 in 2010, two years post construction. Similar 
declines occurred on leks within a nearby reference area, where mean lek size decreased from 
37 to 23 over this same time period, but the rate of decline appears to be slightly greater on the 
three leks in close proximity to wind turbines.  Results of the telemetry study indicate that female 
sage-grouse used areas near wind turbines as late as two years after construction and no 
statistically significant differences in nest success and brood-rearing success for 2009 and 2010 
occurred between the two sites. Notwithstanding, Johnson et al. (2010) and Beck et al. (2011) 
indicated that data from this study are preliminary and are not meant to form the basis for any 
conclusions regarding impacts of wind energy development on sage-grouse. 
 
Outside of North America, the black grouse (Lyrurus tetrix), another grouse with a lek mating 
system, was found to be negatively affected by wind power development in Austria (Zeiler and 
Grünschachner-Berger 2009).  The number of displaying males in the wind power development 
area increased from 23 to 41 during the 3-year period immediately prior to construction, but then 
declined to nine males four years after construction.  While no reference data were reported, in 
addition to the decline in displaying males the remaining birds shifted their distribution away 
from the turbines.  One lek located within 200 m of the nearest turbine declined from 12 birds 
one year prior to construction to no birds four years after construction. 
 
Although the data collected on response of prairie grouse to wind-energy development indicate 
that prairie grouse may continue to use habitats near wind energy facilities, population declines 
in greater sage-grouse populations attributed to oil and gas production occurred four years post-
construction (Naugle et al. 2009), and results of another study of oil and gas development 
suggested that there is a delay of 2–10 years before measurable effects on leks manifest 
themselves (Harju et al. 2010). Therefore, data spanning several grouse generations may be 
required to adequately assess impacts of wind energy development on prairie grouse. 
 
Sawyer et al. (2006) determined that mule deer (Odocoileus hemionus) are displaced from 
suitable habitat by human activity related to the development and operation of gas wells in 
western Wyoming. While these studies suggest a potential displacement effect from the 
development of wind energy, the magnitude of the displacement effect from wind development 
may be different from other developments that use different technology and have more human 
activity associated with their operations. For example, a recent study regarding interactions of a 
transplanted elk (Cervus elaphus) population with an operating wind facility in Oklahoma found 
no evidence that turbines had a significant impact on elk use of the surrounding area (Walter et 
al. 2004). Similarly, Johnson et al. (2000b) found no effect on pronghorn use of the Phase I and 
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II Foote Creek Rim project in Wyoming. Virtually nothing is known about habitat-related impacts 
to other species of wildlife, including reptiles, amphibians, forest carnivores, and small mammals 
(Arnett et al. 2007b).  
 
 

ORGANIZATION OF THIS DOCUMENT 
 
The information contained in this document provides a guide for conducting most wind 
energy/wildlife interaction studies. In addition, one of the goals of this document is to provide 
common terminology for those involved in conducting wind energy/wildlife interaction studies. 
Four commonly used terms in this document are metrics, methods, study design and protocol.  
 

• Metrics are measurements, concepts, and relationships, such as miles per hour or, in 
the case of wind energy/wildlife interactions: animal utilization rate (e.g., birds 
seen/survey), mortality (e.g., carcasses/MW/year), risk (probability of an effect), and so 
on.  

• Methods refer to observational or manipulative study techniques used to document 
animal location, numbers, use, behavior, and other associated parameters.  

• Study design, which is part of methods, sets forth how, what, when, and where samples 
will be selected. The study design will need to be tailored to the specific project, whereas 
the metrics and other methods may not require modification from study to study. 

• Protocol is a predefined plan of study that combines the metrics, methods and study 
design for a specific study. 

 
For research to be found defensible, the metrics and methods should be scientifically credible 
and comply with the needs of legal and regulatory processes. 
 
This document is organized into five chapters. Chapter 1 contains an introduction to the issues 
surrounding wind energy/wildlife interactions. The remaining chapters provide a detailed 
discussion of questions and the methods and metrics to address those questions, illustrated 
with case studies. Chapter 2 describes the first and very preliminary step in the process of 
screening potential sites for major wildlife issues that could influence the selection of a site or 
sites for development. Chapter 2 also describes the second step in the site selection process 
wherein sites remaining after preliminary screening process are evaluated using available site-
specific information and one or more site visits. Chapter 3 describes detailed pre-construction 
studies that may be necessary for making a final decision to construct a facility and to design 
the facility to avoid, minimize and/or mitigate for unavoidable significant adverse impacts, and 
for making permit issuance decision or to satisfy an environmental review process. Chapter 3 
also describes the process for designing and conducting the pre-construction portion of any 
studies that will involve pre- and post-construction components. Chapter 4 describes routine 
post-construction fatality studies and Chapter 5 describes a special case of studies that may be 
conducted at some facilities. These studies include the investigation of habitat impacts, 
evaluation of additional mitigation (risk reduction) measures potentially implemented at 
individual facilities and, when necessary, an evaluation of potential impacts to wildlife 
populations. The studies described in Chapter 5 are applied problem-solving efforts, address an 
acknowledged problem, and normally involve designs of impact assessment and/or 
manipulative studies including treatments and controls. Some of these studies may have a pre-
construction component and these components are introduced in Chapter 3. Sections at the end 
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of the document include Literature Cited and an Index of Key Terms, which provide definitions 
of terms used in this document. 
 
Finally, the document includes three very important appendices. Appendix A contains Kunz et 
al. (2007a), a detailed description of the methods and metrics recommended for the study of 
nocturnally active birds and bats. Appendix B describes a potential framework for decision 
making that is specific to wildlife and wind turbine interactions, that is intended to provide a 
guide on how to ask the right questions that need to be addressed with respect to potential 
wildlife impacts (both positive and negative) when developing a wind energy project and how to 
choose which methods to use to address those questions. Appendix C provides a detailed 
discussion of statistical aspects of studies including the design of monitoring studies and more 
specific studies focusing on habitat impacts, manipulative experiments and population effects, 
including field and/or model-based studies.  
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PRELIMINARY SCREENING OF SITES 
 
Site screening will be necessary when a developer has identified a number of potential sites 
within a region, or is considering development in an area but has not identified a specific site to 
develop. Site screening typically occurs on a larger scale (e.g., physiographic region, county) 
using publicly available data, usually as a “desk-top” exercise with no site visit. Site screening is 
extremely important because it occurs at a point in the development process before significant 
resources have been committed to a particular site. A company screening potential sites will 
consider a great deal of data including but not limited to the wind resource, site availability, site 
development feasibility, existing infrastructure including roads and transmission, a market for 
the energy, land use, cultural resources, contaminants, wildlife and permitting requirements. 
While a developer will consider all of these issues when screening sites, the following 
discussion will consider only wildlife.  
 
Problem Formulation 
 
Problem formulation is the first action at each stage in a risk and impact evaluation process. 
Because site screening typically is the first step in a multi-staged evaluation of wildlife issues in 
the development of a project, the problem formulation generated at this stage may influence all 
future stages of the evaluation process. The objective of problem formulation is to focus the risk 
analysis on the most relevant potential geographic and biological factors affecting wildlife risk. 
The first step in problem formulation for screening is to identify the scale (geographic extent) of 
the risk assessment. For example, should the evaluation be restricted to a small number of 
potential development sites, a single large wind resource area, multiple wind resource areas, 
some geo-political boundary (e.g., county), or a natural landscape unit (e.g., a watershed or 
range of a local population)? The scale of the evaluation will determine the resources that will 
be considered in the screening process. 
 
The next step is the identification of wildlife species, groups of similar species, animal 
assemblages, and their habitat that are of concern because they are potentially at risk of impact 
from development. As with any type of energy development, the initial list of species will include 
all species and their habitat that potentially occur in the area of interest that are protected by 
federal and/or state law. This list will quickly be paired down to species protected as threatened 
or endangered under the federal ESA or state endangered species law, species protected by 
other federal laws including the Migratory Bird Treaty Act (MBTA, which includes most birds in 
North America, and the Bald and Golden Eagle Protection Act (BGEPA), other special status 
species, and habitat for these species. Special status species will normally include species 
being considered for protection under federal or state endangered species laws, species of 
recreational and/or commercial value (e.g., state game species), and species known to be 
susceptible to negative impacts from wind energy development (e.g., bats). This list of species 
of concern will determine, to a large extent, the questions that should be addressed during the 
preliminary screening process. 
 
Problem formulation also should consider the potential types and causes of impacts to wildlife 
and their habitat resulting from wind energy development. The potential impacts include 
fatalities and habitat.  
 
Fatalities directly attributable to a wind energy facility may include collisions with facility 
components such as turbine blades, turbine towers, overhead power lines, and fences; 
electrocutions (APLIC 2006; Arnett et al. 2007b) would also be considered direct fatalities. 
Fatalities could also result from predators attracted to the wind facility. For example, there is 
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concern that perching opportunities for raptors within a facility might increase predation on 
ground nesting birds and displaying male prairie grouse. Non-collision fatalities have been 
reported for bats by Baerwald et al. (2008), wherein bat fatalities may be due to decompression 
injury.  
 
Habitat impacts may be direct, indirect, short-term, and/or long-term. A direct impact to habitat 
refers to the physical elimination or degradation of habitat for a species as a result of the 
construction of roads, tower pads, substations, and construction areas. Roads, tower pads and 
substations are long-term, extending for the life of the project. Construction impacts are 
relatively short-term, if site restoration returns construction areas to pre-impact condition and 
care is taken to avoid the introduction of noxious weeds and disruption of the site’s hydrology. 
 
An indirect impact to habitat refers to the loss of use of otherwise suitable habitat for species. 
For example, some invertebrate species appear to avoid the edge (i.e., transition between 
habitats) because conditions near the edge (e.g., relative humidity, plant associations) may 
have been modified (NRC 2007). Other species, such as prairie grouse, may avoid an area due 
to disturbance even though the habitat is not substantially modified (e.g., Holloran 2005). Such 
displacement impact may be short-term if the disturbance is removed (e.g., construction) or the 
animals become habituated to the disturbance. However, if displacement results from 
modification of the habitat so that it becomes less suitable, the impact is expected to be of 
longer duration (NRC 2007). Likewise, if the effect is due to the presence of the facility and/or 
traffic within the facility, the impact is long-term (i.e., as the project is operational), unless 
habituation occurs. 
 
While the species list is the primary driver of response to questions in evaluation, unique and/or 
protected landscapes and high value plant communities may also be included in the 
assessment. Such landscapes include those which are very limited in abundance or distribution, 
but that retain important environmental values. 
 
When the scale, the resources of interest, and the potential impacts are identified, the next step 
in problem formulation is to identify the specific questions that will be addressed. The specific 
questions will vary with the regulatory environment, public interest, species, and landscape, but 
the questions listed in Table 2.1 will commonly be addressed for most sites. 
 
Methods and Metrics 
 
When relevant wildlife data are available, an effective approach to answering most site 
screening questions is the use of a computerized mapping tool, that is, some type of geographic 
information system (GIS). Most companies either have or have access to GIS technology. A 
complete description of GIS is beyond the scope of this resource document, but the reader is 
referred to the Guide to Geographic Information Systems (http://www.esri.com/industries 
/natural-resources/index.html) for detailed discussion of this technology. The mapping exercise 
may include overlay wind resource data from the NREL database (http://www.nrel.gov/wind 
/resource_assessment.html) or wind data generated by the company with base maps showing 
topography, existing infrastructure (e.g., roads and transmission), digital elevation, land cover, 
wetlands, protected areas and occupied wildlife ranges, particularly of state and federal 
protected species. (See Table 2.2 for examples.) This relatively simple approach is an exercise 
to determine whether, based on existing information, there are obvious places where wind 
development may result in significant adverse impacts to wildlife. Increasingly, state wildlife 
agencies and other sources of expertise are cooperating to provide on-line mapping tools that 
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identify areas of concern regarding wind energy/wildlife interactions. Identifying and using such 
sources is a basic component of site-screening exercises. 
 
 
Table 2.1. Common questions that should be addressed during screening and 

assessment of a site, group of sites, or area of interest. 
1. Are there large areas of intact habitat with the potential for fragmentation, with respect to 

species of concern with needs for large contiguous blocks of habitat? 

2. Are there known critical areas for species of concern, including, but not limited to, 
roosting/resting areas, hibernacula, staging areas, winter ranges, breeding areas, nesting 
sites, brood-rearing areas, migration stopovers or corridors, or other areas of seasonal 
importance? 

3. Does the landscape contain any areas of special designation, including, but not limited to, 
“area of scientific importance” or “of significant value”; federally-designated critical habitat; 
high-priority areas for non-government organizations; or other local, state, regional, 
federal, tribal, or international categorization that may preclude energy development? 

4. Are there known threatened, endangered, federal “sensitive”, state-listed, or other special 
status species present on the proposed site? Is habitat (including designated critical 
habitat) present for these species, and how are these species likely to use the site? 

5. Are there landscape features influencing the likelihood of encountering a rare species or 
high-quality natural community (e.g., rivers, lakes, wetlands, rim rocks, rare and 
uncommon plant communities) or protected landscapes and high value plant communities 
that retain important environmental values? 

 
Other more complicated site screening approaches have been proposed. In their review of the 
impacts of wind energy development on wildlife, the NRC (2007) of the National Academies of 
Science (NAS) recommended more than the simple ranking of relative importance of each area 
to wildlife when screening potential sites for development; rather, they recommended that pre-
site selection evaluation also consider potential for impacts to occur if a wind facility is 
constructed on a particular site, and possible cumulative impacts, placed in the context of other 
sites being developed or proposed. One such approach was the PII screening process 
proposed by the United States Fish and Wildlife Service (USFWS) in their Interim Voluntary 
Guidelines (USFWS 2003). The guidelines described the PII as a two-step process: 
 

1. Identify and evaluate reference sites within the general geographic area of Wind 
Resource Areas (WRA) being considered for development of a facility. Reference 
sites are areas where wind development would result in the maximum negative 
impact on wildlife, resulting in a high PII score (relative habitat value). Reference 
sites are used to determine the comparative risks of developing other potential sites. 

2. Evaluate potential development sites to determine risk to wildlife, and rank sites 
against each other using the highest-ranking reference site as a standard. While 
high-ranking sites are generally less desirable for wind development, a high rank 
does not necessarily preclude development of a site, nor does a low rank 
automatically eliminate the need to conduct pre-development assessments of wildlife 
use and impact potential. 

 
The reference area described for the PII emphasized the value of a highly diverse site, such as 
a wetland or a woodland complex within a grassland community, or a mosaic of grasslands and 
forests, rather than comparing similar areas. This approach increased the possibility that areas 
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with a single important species, for example a grassland area with relatively few wildlife present 
but important habitat for a particular species of concern, might actually look like a good site for 
wind development when compared to a high-density wildlife habitat. 
 
 
Table 2.2. Typical sources for spatial data useful in screening. 
Aerial Photos (Digital-Raster) 

Data Source: National Agriculture Imagery Program; ranging from 2005 to 2008. Some 
states have partial to total color infrared coverage. These are typically high quality maps, but 
there are times when the aerial coverage is poor or non-existent for a project area in more 
remote areas of the U.S. 
Link: http://datagateway.nrcs.usda.gov/ 

Breeding Bird Survey Routes (Digital-Vector) 
Data Source: USGS; based on surveys from 1966 to 1998. Any routes that were still 
considered active in 1998 are included in the available shape file. The information is useful, 
although it is somewhat dated. 

Digital Elevation Map (DEM) (Digital-Raster) 
Data Source: National Elevation Dataset 1999. Data quality high. 
Link: http://ned.usgs.gov/ 

Land Cover (Digital-Raster) 
Data Source: National Land Cover Dataset 2001; data ranging from 1999 to present. Data 
quality high and continuously updated. 
Link: http://ned.usgs.gov/ 

Topographic (Digital-Vector) 
Data Source: USGS 24K and 100K Quads. Data quality high. 
Link: http://www.charttiff.com/ 

National Wetlands Inventory (Digital-Vector) 
Data Source: USFWS National Wetlands Inventory (NWI); ranging from 1977 to present. 
Data are good when available. USFWS is in the process of creating all hard-copy NWI data 
to digital format but much of the U.S. is not yet complete, particularly in more arid/western 
states where digital coverage is spotty. The eastern half of the U.S. is pretty well covered. 
Link: http://www.fws.gov/wetlands/ 

State Natural Heritage Programs 
Data Source: A network of similar programs exists in states throughout North America. Each 
program in the network uses the same database methodology and software, and receives 
technical support from a coordinating organization known as NatureServe (http://www. 
natureserve.org). Most databases have the minimum requirement of ArcGIS 3.X or higher. 
Examples: 

Link: http://www.dfg.ca.gov/biogeodata/cnddb/ 
Link: http://ndis.nrel.colostate.edu/ 
Link: http://dnr.state.il.us/conservation/naturalheritage/inhd.htm 
Link: http://www.kansasgis.org/ 
Link: http://cugir.mannlib.cornell.edu/about.jsp 
Link: http://www.dnr.state.oh.us/Home/Heritage/NaturalHeritage/tabid/2010/Default.aspx 
Link: http://www.pdx.edu/pnwlamp/oregon-gap-analysis-program 
Link: http://wdfw.wa.gov/hab/phspage.htm 
Link: http://uwadmnweb.uwyo.edu/wyndd/ 

 
The USFWS established a Federal Advisory Committee in 2008, the Wind Turbine Guidelines 
Advisory Committee (WTGAC), to provide public input and new specific recommendations to 
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the USFWS that would be considered as they develop new guidelines. Recommendations from 
the committee were published in the spring of 2010 (WTGAC 2010) and final guidelines from 
the USFWS are expected to follow in late 2011 or early 2012. 
 
The NRC (2007) report suggested an alternative paradigm for selecting reference areas 
wherein the reference area is similar to the area being proposed for development. The 
reference area or areas would be in similar landscape features with comparable wildlife 
communities where wind power facilities already exist. While this is offered as an approach to 
site screening it is more applicable to site characterization studies described in detail below. 
 
Some evaluations have used a more comprehensive approach to screen potential development 
sites. Table 2.3 provides a detailed screening process using data on wildlife, landscape 
characteristics, environmental contaminants, and infrastructure manipulated through a 
spreadsheet (Dave Young, WEST, Inc., personal communication). The Comprehensive 
Environmental Issues Assessment (CEIA) tool included publicly available empirical data and 
subjective scoring to provide a CEIA Scorecard for each of a large number of potential 
development sites. The sites were then ranked according to their score and specific issues 
considered relevant to the difficulty of developing each site were identified. 
 
As can be seen from the above discussion, the site screening process can range from a 
relatively subjective landscape-level mapping exercise where obvious deterrents to 
development are identified, to a very detailed and relatively time-consuming look at individual 
sites. The computerized mapping process can be accomplished by developers using in-house 
capability and is similar to the recommendations from the WTGAC (2010). This approach is 
most appropriate for the screening process envisioned in this framework.  
 
Decision Process 
 
Regardless of which approach is used, the objective of the preliminary screening process is to 
identify sites that the developer wishes to consider further for development. The process for 
making a decision regarding which sites qualify for further consideration will likely be unique to 
each developer. However, preliminary site screening allows the developer to avoid sites with 
obvious serious environmental problems in favor of sites with little known environmental impact, 
or at least to identify sites that will be much more difficult to develop because of potential 
environmental problems.  
 
 

SITE EVALUATION 
 
Site evaluation studies typically are conducted at one or more sites that meet most of the criteria 
for wind facility development (i.e., wind, transmission, and access, and lack of critical 
environmental flaws), although not all issues may have been worked out in detail. Potential 
environmental constraints are considered in more detail and additional site-specific data are 
necessary to determine if there is risk of substantial impacts to wildlife if the facility is 
constructed. Distinguishing features of site evaluation studies are that they focus on specific 
sites, use an in-depth evaluation of the available information about the sites, involve 
consultation with local experts, agencies and potentially the public, and normally include at least 
one visit to each prospective site(s).  
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Table 2.3. Wildlife and natural resource elements of the Comprehensive Environmental Issues Assessment Tool. 
Resource Elements Data Source Data 
Protected Lands State lands (e.g., Game Range, 

state park), federal lands (e.g., 
National Park, Wilderness Area, 
Wildlife Refuge, ESA Critical 
Habitat), Wild and Scenic River, 
Native American Lands. 

Maps. Subjective score based 
on area. 

Wetlands Jurisdictional Wetlands and 
Ecological Wetlands. 

Aerial photos, NWI, Topographic, 
USGS Land Use, and DEM Maps. 

Relative ranking based on 
number of permits. 

Natural Features 
Inventory 

Landscape features influencing the 
likelihood of encountering a rare 
species or high-quality natural 
community (e.g., rivers, lakes, rim 
rocks, rare and uncommon plant 
communities). 

Aerial photos, state and regional 
natural feature inventories (e.g., 
Michigan Natural Features Inventory 
(http://web4.msue.msu.edu/mnfi/explor
er/index.cfm). 

Area units/subjective 
score. 

Federally-Listed 
Threatened and 
Endangered Species 

Species protected under the 
federal ESA and similar state acts. 

Maps and federal and state data bases 
(e.g., state National Heritage Program 
Natural Diversity Databases). 

Subjective score based 
on proximity to potential 
habitat and occurrence 
areas. 

Migratory Birds Potential for area as migratory 
stopover, known migration corridor, 
proximity to Important Bird Areas 
(IBA). 

Maps and federal and state data bases 
(e.g., state National Heritage Program 
Natural Diversity Databases), Hawk 
Watch sites, USGS Breeding Bird 
Survey routes. 

Subjective score based 
on proximity to potential 
habitat and concentration 
areas. 

Bats Presence of a listed species, 
presence of hibernacula, potential 
for migratory bats. 

Maps and federal and state data bases 
(e.g., state National Heritage Program 
Natural Diversity Databases). 

Subjective score based 
on proximity to potential 
habitat and concentration 
areas. 

Raptors Presence of special status species, 
raptor nesting habitat or known 
nests, raptor migration corridors. 

Maps and federal and state data bases 
(e.g., state National Heritage Program 
Natural Diversity Databases), Hawk 
Watch sites, USGS Breeding Bird 
Survey routes. 

Subjective score based 
on proximity to potential 
habitat and concentration 
areas. 
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At this stage in the evaluation, the site visit is a reconnaissance to subjectively evaluate the 
site’s characteristics. The information gained from a site visit is useful in interpreting publicly-
available information such as published studies, technical reports, databases, and information 
from agencies, both regulatory and conservation, local experts and local conservation 
organizations.  
 
Problem Formulation 
 
The objective of the site evaluation problem formulation is essentially identical to the process 
described for site screening, except that the focus is on one or more specific sites that remain 
under consideration for development. Some developers consider this step in the site selection 
process a “fatal-flaw” analysis. Compared to site screening, many of the issues are clearer in 
the problem formulation. For example, the scale (geographic extent) of the risk assessment is in 
reference to a specific site, or wind resource area, so the potential geographic extent of the 
potential impact of the project is more certain.  
 
The next step is a review of the wildlife species, groups of similar species, animal assemblages 
and their habitat identified in the preliminary screening that are potentially at risk of impact from 
the development. Because the geographic extent of the potential development is more specific, 
the list of species will likely be shorter. The answers to the questions that should be developed 
in site evaluation are, as in screening, determined to a large extent by the species identified as 
occurring or potentially occurring on or nearby the site being evaluated and the presence of 
unique or protected landscapes and high-value plant communities. 
 
The potential types and causes of impacts to wildlife and their habitat resulting from wind energy 
development are identical to screening, including fatalities directly attributable to a wind energy 
facility and direct and indirect habitat impacts. Additionally, with more certainty regarding the 
scale of the development and potentially better estimates for fatalities and habitat impacts, the 
significance of these impacts to wildlife populations and cumulative impacts with other planned 
or existing facilities at least can be subjectively evaluated.  
 
As in screening, the specific questions will vary with the regulatory environment, public interest, 
species, and landscape, but the questions listed in Table 2.1 commonly will be addressed, this 
time for the specific sites using the more detailed information and information from the site visit. 
Conceivably, a decision could be made to develop a site at this stage of evaluation with no need 
for further investigation. For example, if a site is surrounded by or adjacent to existing facilities, 
and the data collected during the operation of these facilities indicate little adverse impact, a 
developer might pursue the necessary permits at the end of a site evaluation. Even when 
expanding an existing project, concerns for cumulative impacts may create the need for further 
study. If a decision is made to pursue permits, the level of detail included in site evaluation 
studies will be influenced by permitting requirements.  
 
For a discussion of the various aspects of the permitting process regarding wind energy 
facilities, see Permitting of Wind Energy Facilities: A Handbook (NWCC 1998). Chapter 3 of the 
Handbook provides an overview of where, why, when, and how biological resources and bird 
and bat resources may be considered during the permitting process. Because of the evolving 
federal permitting process related to the BGEPA (50 CFR 22.26 and 22.27), the USFWS’ 
Migratory Bird Website should be consulted for the most current information available to the 
public on these issues (www.fws.gov/migratorybirds/). 
 

http://www.fws.gov/migratorybirds/�
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Permitting processes often have a defined time line, usually beginning with the formal filing of a 
permit application. Wildlife information normally will be collected during the pre-application 
period and may be simple and straightforward (e.g., site screening studies) or more complicated 
(e.g., baseline studies), depending on the wildlife resources and specific situation. It is valuable 
to understand the wildlife resource-related laws, standards, regulations, and ordinances of the 
project site areas. It is also useful to clarify early in the wind facility site evaluation process any 
project-specific and jurisdiction-specific legal and biological information that may be needed 
(NWCC 1998). 
 
Methods and Metrics 
 
Information-gathering at this stage can cover many variables and is intended to eliminate 
surprises late in the permitting process. By conducting an appropriate site assessment, the wind 
facility developer can decide whether to continue the development process at the sites of 
interest and potentially enter the permitting process or delay or abandon the development of 
one or more sites as a result of potential significant adverse impacts to wildlife. 
 
Sources of Existing Information 
Local Expertise: Seeking out local experts familiar with the site(s) being considered can save 
time as well as provide valuable information. Local experts can quickly identify potential bird and 
other biological concerns or issues at the site(s) under consideration. They may have an 
established working relationship with or knowledge of other persons or resources that can be 
utilized to provide valuable biological, regulatory, and legal information. Interviews should be 
documented in a written report. Local expertise can include the following:  
 

• State fish and game agents/biologists 

• Federal wildlife agents/biologists (e.g., USFWS, BLM, U.S. Forest Service [USFS], 
U.S. Geological Survey [USGS]) 

• University professors/graduate students 

• Partners in Flight representatives 

• National Audubon Society representatives 

• State Chapters of the Nature Conservancy 

• Hawk Migration Association of North America representatives 

• Bird Observatory representatives 

• Other knowledgeable parties  

 
The following example illustrates the importance of contacting local experts. In the pre-permit 
evaluation of the Columbia Hills wind power site, the proponent for the site discovered that the 
State of Washington's wildlife agency had historical records of several bald eagle day roosts 
near the site. A reconnaissance level survey of the site also discovered a night roost used by a 
small number of eagles. This information was used in the final design of the wind facility and, 
had the project proceeded, would have resulted in the company eliminating at least one string of 
turbines that potentially placed birds using the roosts at risk (S. Steinhour, pers. comm.).  
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Literature Search: A literature search can provide valuable information about wildlife resources 
and their habitat in an area. Peer reviewed literature, environmental documents previously 
prepared for the site, nearby sites, or the general area, research reports (published and 
unpublished), natural history journals, and agency reports may be useful. Research results from 
other wind energy facilities with similar species and landscapes can be used in site evaluation to 
identify potential adverse impacts. As more wind energy/wildlife interactions study results 
become available, these resources will grow in their value for estimating impacts at new 
proposed developments. Many sources of literature will be gray literature, i.e., published and 
publicly available technical reports that have not been independently peer reviewed (e.g., 
agency, industry or stakeholder reports). Gray literature can provide useful information; 
however, the value of any literature should be determined by an experienced biologist with 
knowledge of the species of special interest in the area. 
 
Natural Resource Database Search: Most federal, state, and local agency offices and many 
conservation organizations maintain databases of sensitive resources in the area of their 
jurisdiction or focus. Perhaps the most complete source of information about rare and 
endangered species and threatened ecosystems are the state natural heritage programs, 
originating through the effort of The Nature Conservancy (TNC) in the 1970s. The natural 
heritage programs form a network of similar programs throughout North America. Each program 
in the network uses the same database methodology and software, and receives technical 
support from a coordinating organization known as NatureServe (http://www.natureserve.org). 
State databases may be more comprehensive for specific local or regional resources (e.g., 
California Native Plant Society [http://www.cnps.org/], the Wyoming Game and Fish 
Department’s Wildlife Observation System). 
 
These databases can be valuable for determining whether sensitive wildlife species and other 
sensitive resources are known to use the potential site or vicinity. This information usually 
consists of known animal or plant locations, typically collected for other purposes. 
Consequently, a specific site may never have been inventoried for wildlife resources or a rare 
species existing on the site may not have yet been detected. Clearly, absence of evidence 
should not be considered evidence of absence and the result of database searches should be 
interpreted and used appropriately. 
 
Some additional sources of information regarding sensitive species that should be searched 
include: 
 

• National Audubon Society Christmas Bird counts 

• Herbaria (e.g., Rocky Mountain Herbarium, New York Botanical Garden) 

• Museums 

• Breeding Bird Surveys summaries - available from the USGS Patuxent Wildlife 
Research Center (http://www.pwrc.usgs.gov/bbs/) 

• State wildlife atlases/field guides 

• State and federal endangered and threatened species lists and occurrence 
information 

• Federal, state, and local resource agency offices 

• State wildlife habitat relationship programs 

http://www.natureserve.org/�
http://www.cnps.org/�
http://www.pwrc.usgs.gov/bbs/�
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• State Wildlife Action Plans or Conservation Strategies 

• Ducks Unlimited 

• National Audubon Society State and Federal Watch Lists 

 
Finally, there are bibliographic databases that provide lists of publications and reports on a 
variety of wildlife issues including wind impacts (e.g., NREL's Wind-Wildlife Impacts Literature 
Database [WILD], which can be found at http://www.nrel.gov/wind/wild.html).  
 
Site Visit: A site visit is an important part of a site assessment. Notwithstanding, these site visits 
will be reconnaissance surveys, i.e., a qualitative assessment of the site and its characteristics, 
and will not involve designed quantitative studies. Reconnaissance surveys are on-site surveys 
used by a biologist to get a general feel for the site, topography, habitat for species of interest, 
potential use by those species, and presence of habitat for species of interest. This type of 
survey can provide valuable information for site characterization. Depending on the site and 
species known to occur there, reconnaissance studies combined with existing information 
discussed above may provide adequate information to estimate potential impacts sufficient to 
make siting decisions. In rare circumstances reconnaissance studies will detect potential 
environmental conflicts that may be sufficient to discourage development. In most situations, 
reconnaissance studies will identify information gaps and help focus more detailed studies of 
wildlife resources (i.e., baseline studies). Site visits also may provide an opportunity to evaluate 
the site in the context of the surrounding area, which may allow a general assessment of 
potential cumulative impacts to sensitive species or their habitats. 
 
Vegetation Mapping and Wildlife Habitat Relationships: Each site should be visited by a trained 
and experienced biologist with specific knowledge of and experience detecting the wildlife 
species, particularly birds and bats, and other natural resources of the project site and vicinity. 
Plant and animal species, plant communities and other landscape features potentially providing 
habitat for species of interest (e.g., bat hibernacula, water bodies, cliff structures, large 
expanses of intact native plant associations) observed on the project site and vicinity should be 
documented. The vegetation associations should be identified and mapped at an appropriate 
scale (e.g. 1" = 500'). Wildlife habitat relationships are complex, but there is usually information 
available describing in general terms the habitat requirements of the species of interest and the 
presence of habitat for a particular species can be used to subjectively assess the likelihood the 
species will be present. Where available, species habitat preference and landscape and 
vegetation maps can be evaluated to develop lists of species that may utilize the site. Many 
states also have detailed information on seasonal ranges of important wildlife species, further 
supporting the likelihood that a species of interest may potentially occupy a site. See Morrison 
et al. (2006) for a review of the literature on wildlife-habitat relationships.  
 
Sensitive species use (or likely use) is one determinant of a project’s potential for significant 
adverse impact. If the value of the site for sensitive species is well known, more detailed studies 
may be needed to characterize the use (see Chapter 3). If a potential site has a high likelihood 
for biological conflicts, it may not be worth the time and cost of detailed site evaluation work 
(NWCC 1998). If the potential for species risk is likely to be low, then very little additional 
information may be needed. On rare occasions, there may be evidence of potential use of a site 
by species of interest because of existing data on similar areas although there is no record of 
use at the site being evaluated. In this situation, it may be desirable to complete a short-term 
on-site survey involving one or more additional site visits in attempt to verify use. For example, a 
site may be near an area frequented by a raptor species of concern during the spring migration 

http://www.nrel.gov/wind/wild.html�
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but no evidence of use exists at the site being evaluated. In this case, one or more site visits 
during spring migration might help to determine presence or absence of the raptor. 
 
Short-Term On-Site Surveys and Monitoring 
Uses of the potential site may include such activities as breeding/nesting, roosting, migrating, 
wintering, migratory stopover, and foraging. Historical evidence and/or sign of significant use by 
species of interest and the presence of their habitat are early evidence that may lead to 
additional investigations. Short-term on-site surveys/monitoring refers to multiple 
reconnaissance visits to a site to document species use or some other needed information. 
When sufficient concern persists regarding the presence and use of the site by sensitive 
species or the numbers and types of species using the site, this short-term on-site survey may 
be needed for the developer to make the decision to proceed to the next level of evaluation 
(e.g., baseline studies). If a decision is made at this point to begin the permitting process, this 
type of study may also respond to permitting requirements for surveys less intensive than a 
baseline study but more involved than a single site visit.  
 
Most reconnaissance surveys will occur during diurnal periods when the opportunity for actually 
seeing animals and their habitat is maximized. Nevertheless, many wildlife species of concern 
are active mostly during low light (crepuscular) periods at sunset and sunrise. For example, 
owls and bats are normally active at night. Birds and bats active during low light and at night 
may be resident, breeding, migrating, or wintering species. Concern about crepuscular or 
nocturnally-active species may warrant extending the reconnaissance surveys to cover these 
periods. 
 
 

DOCUMENTATION 
 
It is important to document in writing how, what, when, and where all biological information was 
obtained throughout the site evaluation process. Written documentation ensures that credibility 
can be determined for both the biological information and how it was gathered. The integration 
of the site evaluation information into a written report that describes the resources and 
estimates potential impacts is valuable and often required. 
 
ADEQUACY OF THE DATA  
 
At this stage of the site evaluation process, a decision should be made regarding whether the 
existing information is adequate and defensible for the permit application. Has adequate 
biological information been gathered? Adequate information is the amount and type of 
information needed to be in compliance with regulatory and environmental laws, ordinances, 
regulations, and standards of the jurisdiction(s) involved. Meeting the test of adequacy requires 
that the biological information (written report or raw data) is both sufficient and sufficiently clear 
to allow for reasonable estimates of wildlife impacts. Ensuring the smooth progress of a wind 
energy facility development project may also depend on avoiding impacts to wildlife and habitats 
that are not specifically protected under state or federal statutes and programs. It is 
advantageous to identify species that are of concern to local, state, or national conservation 
organizations. Addressing these concerns early and thoroughly in the site evaluation process 
may help a project withstand legal challenge by a third party or an agency. The types of 
information discussed in this chapter should be adequate to assist with making many project 
decisions.  
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CASE STUDY – A SITE CHARACTERIZATION STUDY 
 
The objective of the site characterization study (SCS) is to conduct an early screening of critical 
environmental aspects of a potential project, so that the project development team can 
determine early in the process whether potential environmental issues exist that warrant further 
detailed assessment. In particular, the SCS provides a platform for development of 
recommendations for pre-construction wildlife studies, as well as other detailed environmental 
studies (e.g., cultural resource surveys, wetland delineations, Phase I Environmental Site 
Assessments) that may be warranted prior to finalization of site development plans. The 
standard SCS is not intended to satisfy requirements imposed by permitting authorities or by 
laws/regulations. In some cases, however, the activities performed as part of the standard SCS 
may be used to assist in satisfying such requirements. 
 
The activities comprising the SCS (see list below) are conducted for the entire area identified as 
the WRA and a two-mile buffer around the WRA. The WRA and the two-mile buffer are 
collectively considered the Evaluation Area. 
 
The SCS includes various activities, some of which are not focused on wildlife. The wildlife 
activities are primarily focused on collection and review of publicly-available information: 
 

• Evaluation of available mapping data to identify and characterize key land cover, 
characteristics and uses; 

• Identification of federal, tribal and state lands, and any other areas owned or operated by 
public entities (e.g., local parks); 

• Characterization of avian and bat species that could potentially be affected by the 
project; 

• Evaluation of sensitive or protected biological resources that could potentially be 
affected by the project, including federally-listed and state-listed avian, bat, terrestrial, 
aquatic, and herbaceous species; 

• Identification of designated protected, sensitive or special wildlife habitat (e.g., Important 
Bird Areas [IBAs; http://www.audubon.org/bird/iba); 

• Identification of documented aquatic resources potentially subject to United States Army 
Corps of Engineers or State permitting, including wetlands, lakes, rivers, and streams; 

• Evaluation of potential land-use related issues, including documented county/township 
restrictions (e.g., zoning, noise or visual restrictions, height limits, or setbacks), specially 
designated agricultural and conservation lands, and floodplains; 

• Identification of potentially applicable State or local wind power siting or construction 
guidelines or protocols; and 

• Preparation of an overview environmental permit matrix that summarizes the federal, 
state and local agencies with jurisdiction over environmental aspects of the project, and 
the specific permits/authorizations that likely will be required. 

 

http://www.audubon.org/bird/iba�
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Collection of Available Site Mapping Information 
 
Site maps are prepared and incorporate Evaluation Area boundaries and other data. A GIS 
platform may be used to consolidate and display the various information collected and assessed 
as part of the SCS.  
 
Typical mapping data include: 
 

• Topographic contour data from the USGS National Elevation Dataset (NED) including 
datum, elevation unit, and projection; 

• Political boundaries in the vicinity of and within the Site (including federal, state, county, 
township, and municipal); 

• USGS 7.5-minute Topographic Maps; 

• National Wetland Inventory (NWI) maps from the USFWS; 

• USGS National Land Cover Data (NLCD) including 21 classes of land cover, percent 
tree canopy and percent urban imperviousness at 30 m resolution derived from Landsat 
imagery; 

• State, federal and tribal land boundaries; 

• Federal Emergency Management Agency (FEMA) Flood Insurance Rate Maps (if 
available); 

• Farm Service Agency Conservation Reserve Program maps (if available); and 

• State-specific wind-wildlife maps. 

 
Evaluation of Land Cover, Characteristics and Uses 
 
Based on the mapping data collected, the land cover and land use is characterized and 
described in graphical and tabular fashion. The general characteristics of the land are described 
in terms of landforms and ecoregions. Federal and state lands are identified and the intended 
purposes and/or constraints associated with the lands potentially impacted by the development 
considered. Additionally, other lands owned or operated by municipal entities (e.g., city parks) 
are identified, if possible based on available mapping data. 
 
Identification of Officially Designated Tribal Lands 
 
On-line resources are used to identify and plot any officially designated tribal lands based on 
information provided in the United States Census Bureau’s on-line GIS databases or other 
official sources (such as the individual tribe).  
 
Biological Resource Evaluation 
 
The biological resources at the site are evaluated and characterized. Information is sought to 
help predict avian and bat use, the potential presence of federal and state listed species, 
common vegetation and unique landscape features.  
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Pre-Field Evaluation 
 
The pre-field evaluation focuses on acquisition of existing information regarding biological 
resources, completion of a literature review including database queries for site-specific 
information, and evaluation of other relevant reports and literature to help evaluate potential 
biological concerns.  
 
Sources of pre-field evaluation information typically include, but are not necessarily limited to, 
the following: 
 

• Topographic maps;  

• Aerial photographs;  

• Published literature;  

• Wildlife occurrence mapping; 

• Wildlife and plant occurrence databases; 

• Sensitive and protected species databases and maps; 

• NWI (http://www.fws.gov/wetlands/) mapping;  

• Land use/land cover mapping; 

• Digital elevation mapping; 

• Available literature from other nearby studies;  

• The Nature Conservancy (TNC) mapping; 

• Audubon IBA (http://www.audubon.org/bird/iba) mapping; 

• Critical habitat mapping; and 

• Breeding Bird Survey mapping and databases. 

 
As appropriate for the region in which the Site is located, additional region-specific wildlife 
information resources (e.g., big game winter range) can also be included in the evaluation.  
 
Site Visit 
 
A qualified biologist with experience in evaluating wind power project sites and associated 
impacts conducts a visit to the site (typically one day in duration, with the potential to be longer 
for larger sites) to evaluate vegetation and other landscape features (e.g., topography, 
wetlands, streams, lakes) and potential for avian migratory pathways, and to look for raptor 
nests, prey populations, and other biological resources. The site visit is not intended to be an 
exhaustive biological survey, but is instead intended to provide a preliminary characterization of 
the ecological setting. Current wildlife habitat and land use practices are noted to help in 
determining the baseline against which potential impacts from the project could be evaluated. 
The vegetation and other landscape features are reviewed in order to assist in identifying 
wildlife resources with the potential to occur at the site. Species observed during the site visit 
are noted, with particular focus on any sensitive or protected resources. 
 

http://www.fws.gov/wetlands/�
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Agency Information Solicitation 
 
State and Federal natural resource agencies are contacted to solicit information regarding their 
concerns about wildlife or plant resources in the site vicinity. At a minimum, the state natural 
resource agencies and the USFWS, primarily through the nearest Ecological Service Field 
Office, are contacted for information. Requests for information are included in the SCS Report, 
as well as copies of responses. Expressed agency concerns are discussed. Agency contact at 
this stage is simply solicitation of information and comment on the potential project. No agency 
meetings or long-term coordination for future studies are conducted for the purpose of the SCS. 
 
Identification of Wetlands and Waters of the United States 
 
Publicly available mapping information is reviewed for the purpose of identifying wetlands and 
other Waters of the U.S. potentially present. If available, NWI maps are presented together with 
aerial photography maps. Additionally, land use/land cover data are reviewed to prepare an 
estimate of the amount of wetlands and water bodies present. 
 
Additionally, if the associated information is available, floodplain designations are assessed and 
described. Conservation Reserve Program (CRP) information is solicited from the local USDA 
Farm Service Agency (FSA) office. 
 
Wind Power Guidelines and Permitting Requirements 
 
An evaluation is conducted to identify and describe any potentially relevant draft or final wind 
energy facility siting or development guidelines. To the extent that they are available, copies of 
the guidelines are obtained and presented. 
 
An overview environmental permit matrix is prepared. The permit matrix identifies federal, state 
and local agencies with potential jurisdiction over aspects of the project, the 
permits/authorizations for which each identified agency has jurisdiction, the “triggers” for each of 
the permits/authorizations, the general timing for permit/authorization approval, and any other 
relevant information concerning the permits/authorizations. 
 
The overview environmental permit matrix may include some information regarding other (non-
environmental) permit requirements (e.g., local building permit requirements) if this information 
happens to be obtained during the environmental permitting requirements information collection 
process; however, the overview environmental permit matrix is not intended to be all-inclusive of 
all regulatory requirements for the project.  
 
In many cases, information regarding permitting requirements is best obtained via direct 
communication with government representatives.  
 
Reporting 
 
Upon completion of data gathering, the site visit and analysis of information, a draft SCS Report 
is prepared and provided to the developer in electronic format. As a separate electronic file, an 
Environmental Management Plan (EMP) also is provided. The EMP provides summary-level 
information for the various topics of the SCS (e.g., Habitat, Wetlands, Threatened and 
Endangered [T&E] Species, etc.) together with recommendations for any associated further 
actions or studies.  
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Next Steps 
 
The SCS and the recommendations presented in the EMP are used to plan activities to address 
issues and recommendations outlined in the SCS, as well as general timing for completion of 
these activities. 
 
 

SUMMARY 
 
Preliminary screening studies are landscape- or regional-scale screening processes allowing 
developers the opportunity to identify potentially significant environmental issues that can help 
in prioritizing sites for development. These studies rely on existing information, primarily in map 
form, and are generally less time-intensive and expensive than actual field studies. In most 
cases the data obtained for wildlife will be combined with other information (e.g., wind data, 
access, transmission) to complete the screening process. The screening process may include 
one or more potential sites, or no specific sites. The screening process is likely most useful for 
relatively large developers that have multiple sites in their development pipeline. 
 
The next level of complexity, site assessment studies, occurs at sites that remain in the 
development pipeline following the screening. Site assessment studies address the same 
questions addressed during screening except that the questions are addressed for one or more 
specific sites. Site assessment studies are based on existing site-specific information and 
include one or more visits to each site. 
 
 

DECISION PROCESS 
 
At the end of site assessment the developer, and potentially the permitting authority, must make 
a decision regarding whether to move forward with the project, either through the permitting 
process or to conduct additional and more complex studies. As with screening, the process for 
making a decision regarding which sites qualify for permitting or for further consideration will 
likely be unique to each developer. At the end of the site assessment, more site-specific 
information increases the developer confidence that a site is worth considering further and 
potentially that the permitting process may begin.  
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INTRODUCTION 
 
The first level of effort focused on screening potential sites and the next level of effort focused 
on specific sites that made it through the screening process. If a developer decides as a result 
of the site assessment to proceed with a particular site, baseline studies provide quantitative 
data that (in conjunction with the literature) are useful both in providing estimates of impacts and 
risk, and in designing a project to avoid and/or minimize risk to wildlife. Baseline studies assess 
the existence of wildlife and their habitat prior to the construction of a project. While the study of 
wildlife will involve both diurnal and nocturnal studies, the main body of this document focuses 
primarily on diurnal studies. Appendix A specifically describes nocturnal methods and metrics. 
The general methods and metrics provided below and in the description of post-construction 
studies that follow are also applicable to studies of nocturnal wildlife species.  
 
 

PROBLEM FORMULATION 
 
Problem formulation for baseline studies and predictive models (baseline studies) should 
include the following: 
 

1. An evaluation of data gaps identified by site assessment studies in reference to the 
permitting for a project; 

2. A pre-construction prediction of risk to wildlife and their habitat; 

3. Data necessary to design a project to avoid or minimize risk; 

4. Data useful in evaluating predictions of impact and risk through post-construction 
comparisons of estimated actual impacts to predicted impacts and risk; and, 

5. Information useful in identifying the need for and in developing mitigation measures to 
offset unavoidable impacts.  

 
The adequacy of mitigation measures to offset unavoidable impacts will vary with the regulatory 
environment, the magnitude of the impacts and the resources (i.e., wildlife and habitat) involved. 
 
Baseline studies focus on wildlife species, groups of similar species, animal assemblages and 
their habitat that are potentially at risk of impact from the development. In most cases, this list 
will be a subset of the species of concern identified in the site assessment problem formulation, 
based on information generated during site assessment studies. Baseline studies also provide 
data needed to fill gaps identified during the site assessment stage. 
 
While the specific questions will vary with the regulatory environment, public interest, species, 
and landscape, Table 2.1 lists the questions that commonly are addressed, this time for the 
specific sites using the more detailed information and information from the site visit made during 
the site assessment. Conceivably, a decision could be made to develop a site at this stage of 
evaluation with no need for further investigation. For example, if a site is surrounded by or 
adjacent to existing facilities, and the data collected during the operation of these facilities is 
publicly available and indicate little adverse impact, a developer might pursue the necessary 
permits at the end of a pre-construction site evaluation. Thus, the level of detail included in site 
evaluation studies may be influenced by permitting requirements.  
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Should the developer decide to proceed with the evaluation of a site, baseline studies will 
address those questions identified in screening and site assessment (Table 2.1) at a more 
quantitative level. Whereas earlier stages focus on the potential presence or absence of species 
of concern on the site, baseline studies attempt to fill in gaps in the existing data by quantifying 
empirically the distribution, relative abundance, behavior, and site use by these species. These 
data may also be used in a modeling exercise to estimate risk to these species from the 
proposed wind energy facility.  
 
In addressing the Table 2.1 questions, developers should collect sufficient data to enable 
analysis that answers the following questions: 
 

1. What are the potential risks of impacts of the proposed wind energy project to individuals 
and local populations? When necessary, due to the presence of rare and/or endangered 
species, assessment of risk also may include consideration of possible impacts to entire 
species and their habitats.  

2. If significant impacts are predicted, especially to wildlife of interest, can these impacts be 
avoided, minimized, or mitigated?  

3. Are there studies that should be initiated at this stage that would be continued following 
construction and during operation of the facility? 

 
The final step in the problem formulation is the identification of the necessary site-specific 
protocols needed to address the above questions. The development of these protocols should 
follow the information contained in Appendix C of this document, in particular the statistical 
considerations addressing sampling and areas of inference (i.e., the scale of the study). These 
protocols also should consider how these data may be used in conjunction with post-
construction studies. The protocols are best developed in collaboration with the federal and 
state wildlife agencies. 
 
 

ESTIMATING ABUNDANCE AND HABITAT USE 
 
Point-Count Surveys 
 
Point counts are commonly used for surveying birds (Ralph et al. 1995; also see Appendix C) 
that are diurnally active as well as for some nocturnally active species (e.g., owls). Two types of 
point-count surveys may be conducted to assess bird use of wind resource areas (WRAs), 
depending on what the target species are. Long-duration large-plot surveys are typically 
conducted to estimate raptor use of a WRA. Plots usually have a 0.5-mile (800 m) radius 
viewshed, and survey periods at each plot typically range from 20 to 40 minutes (e.g., Hoover 
and Morrison 2005, Smallwood et al. 2009).  
 
Large-plot surveys are conducted to assess estimated use of a WRA. This information can be 
used to predict potential impacts, and to design the wind energy facility to reduce or mitigate 
impacts by avoiding high-use areas. When habitat and topography are relatively uniform within 
a WRA, circular plots can be established using a systematic sampling design to sample the 
entire WRA (see Appendix C). If proposed turbine locations are known, the plots can be 
established to concentrate survey effort on these areas. Depending on the size of the proposed 
development, it is not necessary that every turbine location be included in a sample plot. 
However, the number of plots should be sufficient to ensure that the data collected are 
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representative of the different topographic features, vegetation types, etc. of the entire WRA. If 
data will be used to assist with siting turbines – a priority, for example, where turbines will be 
located near rims, cliff edges, saddles or other topographic features that might concentrate 
raptor use – it may be desirable to have overlapping plots to ensure that all birds using the area 
will be recorded and their flight paths mapped so that all potential high-use areas can be 
mapped. 
 
Although the surveys are designed to obtain data on raptors and other large birds such as 
waterfowl and waterbirds, all birds seen during each survey are recorded. Because it is often 
impractical to measure exact distances to birds, observations should be placed in distance 
bands, such as 0-25 m, 25-50, 50-100 m, etc. Temporary flagging and/or landmarks can be 
used to assist observers in distance estimation. Observations of birds beyond the specified 
radius can be recorded, but data collected on these birds should be analyzed separately from 
data collected on birds observed within the plot. The date, start, and end time of the observation 
period, plot number, species or best possible identification, number of individuals, sex and age 
class, distance from plot center when first observed, closest distance, height above ground, 
activity, and habitat are recorded for each observation.  
 
Flight paths for all species of interest (e.g., raptors, sensitive species) typically are mapped and 
given observation numbers that correspond to the data sheet (e.g., Young et al. 2003b). USGS 
1:24,000-scale topographic maps (or aerial photographs if available) attached to each data 
sheet showing the plot circle are useful for recording locations of observations as accurately as 
possible.  
 
Bird behavior and habitat are recorded for each observation. Examples of behavior categories 
include perched, soaring, flapping, flushed, circle soaring, hovering, diving, or gliding. The 
approximate flight height at first observation and the approximate lowest and highest flight 
heights observed are typically recorded to within one- or five-meter intervals. Weather 
information recorded for each survey should include temperature, wind speed, wind direction, 
cloud cover and precipitation. 
 
Plot surveys should be scheduled to cover all daylight hours, especially if raptors are of interest, 
and weather conditions. A schedule should be established prior to the field surveys to ensure 
that each station is surveyed approximately the same number of times each period of the day 
and to efficiently utilize personnel time by minimizing travel time between plots.  
 
The number of raptors and other species seen during each point-count survey can be 
standardized to a unit area and unit time searched. For example, if 4 raptors are seen during a 
20-minute period at a point with a viewing area of 2 km2, these data are standardized to 4/2 = 2 
raptors/km2 in a 20-minute survey. This metric can then be compared to similar raptor use 
values collected at other WRAs, many of which also have raptor fatality data, to help predict the 
potential impact of the proposed facility on raptors (e.g., Figure 1.4).  
 
The data can also be used to calculate a relative index to collision risk (R) for bird species 
observed in the project area using the following formula: 
 

R = A*Pf*Pt 

 
Where A = mean use for species i averaged across all surveys, Pf = proportion of all 
observations of species i where activity was recorded as flying (an index to the approximate 
percentage of time species i spends flying during the daylight period), and Pt = proportion of all 
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flight-height observations of species i within the rotor-swept height (RSH). This index does not 
account for differences in behavior other than flight characteristics (i.e., flight heights and 
proportion of time spent flying). 
 
Based on a regression analysis of raptor use and mortality for 13 new-generation wind energy 
facilities, where similar methods were used to estimate raptor use and mortality, there is a fairly 
significant correlation between pre-construction raptor use and post-construction mortality (R2 = 
66.4%; Figure 1.4). Therefore, raptor use data collected using the above techniques can be 
used to predict what actual raptor mortality might be, or at least whether it might be categorized 
as low, moderate, or high. One of the limitations of this analysis is that the raptor use estimates 
are diurnal studies where the mortality estimates include both diurnal and nocturnal raptors (e.g. 
owls).   
 
Mapped flight paths obtained during the surveys are useful for siting facilities to avoid potential 
high raptor use areas. For example, the Foote Creek Rim WRA in Wyoming is located on a 
distinct table top mesa with steep slopes on the east and west sides. Mapped raptor flight paths 
indicated that raptor use was concentrated within 50 m of the rim edge (Johnson et al. 2000b). 
The developer agreed to not place any turbines within this area. Possibly as a result of this 
measure, raptor mortality at Foote Creek Rim was lower than predicted given the amount of use 
at the site (Young et al. 2001). 
 
When passerines are a primary group of interest, point-count survey plots typically range from 
50-100 m in radius and survey periods are usually 3-10 minutes in length. Unlike with raptors, 
there does not appear to be a strong correlation between pre-construction use by passerines 
and post-construction mortality. That said, Smallwood et al. (2009) found a correlation between 
monthly fatality rate and monthly rate of the number of birds/session crossing the turbine row 
based on a within-site comparison (monthly bird use associated with monthly bird mortality). 
Point-count surveys to estimate passerine use of WRAs are usually conducted to quantify 
passerine use of the WRA by habitat, determine the presence of sensitive species, and to 
provide a baseline for assessing displacement of passerines following development of the wind 
energy facility. Point-count surveys are especially appropriate in forested areas where most 
birds are detected by sound alone, but they are routinely used in all habitat types.   
 
Point-count surveys can be used to estimate animal density using distance sampling methods 
(Buckland et al. 2001) when the distances to detected birds are recorded, allowing an estimate 
of the probability of detection. When the probability of detection is not estimated for point-count 
surveys, the data collected provide estimates of relative abundance rather than absolute 
density. Another method for estimating detection probabilities is to have two observers 
independently record birds at the same point (Forcey et al. 2006). Use of distance sampling and 
double counting add significant time (and cost) to the studies. For studies of WRAs with similar 
vegetation and topography, indices of relative abundance should be sufficient and comparable 
among surveys if the methods are standardized. However, comparisons among facilities with 
substantially different landscape characteristics must use estimates of density. 
 
Passerine surveys typically are not used to estimate abundance, but rather to determine 
species composition, spatial distribution, and habitat use. Passerine surveys typically are 
conducted between a half hour before sunrise and four hours after sunrise. At each point, 
observers record all birds detected by sight or sound. Dettmers et al. (1999) examined data 
from point-count surveys conducted for 3, 5, 10 and 20 minutes. They concluded that for most 
species, except those with low detection rates, current recommendations for point count 
durations of 5 or 10 minutes are appropriate. Dettmers et al. (1999) also examined the number 
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of visits. Models of habitat use based on a single visit did not perform as well as models based 
on repeated visits. However, there was little to no improvement when the number of visits was 
increased from 2 to 3. Therefore, when species composition and habitat use is the goal of a 
study, two visits to each point during the breeding season should be sufficient. However, if the 
objective of the surveys is to detect rare species, estimate abundance, or if it is expected that 
many species present may have low detection rates, then three or more surveys may be 
necessary (MacKenzie et al. 2006).  
 
The USGS Breeding Bird Survey (BBS) is a standardized point-count survey along roads. Long-
term data from the BBS are routinely used to estimate changes in bird abundance (Sauer et al. 
2004). Each BBS route used by the USGS is 24.5 miles (39.2 km) long, with 50 points spaced 
at 0.5-mile intervals. The plot radius is 0.25 miles (400 m). All birds seen or heard at each point 
are tallied for a three-minute period. Breeding bird surveys are typically conducted in late May 
and June. Although BBS data normally are collected along a linear 24.5-mile road corridor, the 
points could be established in a grid throughout a WRA to obtain adequate coverage. While the 
BBS protocol is inadequate to estimate short-term abundance, BBS type surveys potentially 
could be used to establish breeding bird use of an extensive WRA area, when conducted in a 
double sampling plan (see Appendix C) with avian point counts, when using avian point counts 
over the entire area may be impractical. 
 
Conducting point counts along roads is commonly done in WRAs for early risk assessments 
conducted before developers have signed leases with landowners and arranged for access to 
private property. A study conducted in shrub-steppe and grassland habitats in southwestern 
Idaho found that for most species, roadside surveys are not biased (Rotenberry and Knick 
1995). They compared data from 200-m radius point counts centered on roads to similar point 
count data collected 400 m away from roads and found no differences (P > 20) in the number of 
individuals counted for all species but western meadowlark (Sturna neglecta). Meadowlarks 
were over-represented by roadside counts due to their tendency to perch on fences, which 
frequently occur along roads. 
 
Data collected during passerine point-count surveys are similar to those collected for raptor 
surveys, and should include time, species, number, estimated distance from the observer, 
activity, habitat, flight direction, and estimated flight height. For data analysis, these flight 
heights are categorized to correspond to the height below, within, and above the space 
occupied by turbine blades. Weather data (temperature, wind speed and direction, cloud cover, 
precipitation) are also recorded each visit. 
 
It is common for baseline estimates of bird use to be made using point count data collected for 
only one year, including one breeding season and a fall and spring migration. Using existing 
breeding bird survey data for the region containing an area proposed for development in 
combination with site-specific point count data can help address the question of whether data 
for one breeding season represent average, low or high use years for the proposed 
development area. Likewise, point count data for passerines during one or more migration 
season could be compared to NEXRAD data (Appendix A) to determine how use during 
baseline studies compares to a different estimate of relative abundance during migration. 
 
Transect Surveys 
 
Some investigators prefer transect surveys over point counts for estimating distance in open 
habitats such as grasslands and shrub-steppe, where birds are easily observed (also see 
Appendix C). Transect locations should be established on maps to sample the area of interest. 
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Once established in the field, a global positioning system (GPS) unit can be used to record start 
and end points for use during future surveys. The transect start and end points should be 
permanently marked using a small fence post or piece of rebar; and,  temporary flagging can be 
used to help keep observers oriented. For example, flags can be located every 200 - 300 m 
along the line, depending on the terrain, so that a flag is always visible in the distance. Flagging 
also can be periodically placed at varying distances from the line to assist with estimating 
distances. For example, different colored flags could be used to demarcate 25, 50, 100 and 150 
m distances from the line. Observers should walk slowly along the line at a constant speed. If 
studies are conducted using transect surveys for the purpose of collecting pre-construction data 
for comparison with post-construction data, care should be taken to ensure that all observers 
follow a specific protocol (e.g., walk at approximately the same speed). If feasible, transects 
should be oriented such that observers don’t walk towards the rising sun in the morning, as this 
makes viewing difficult. 
 
When conducting transect surveys, an observer walks a pre-determined route and records all 
birds observed as well as the perpendicular distance of each bird from the line. Because it is 
often impractical to measure exact distances to birds, many studies use distance bands, such 
as 0-25 m, 25-50, 50-100 m, etc. However, use of a rangefinder may provide a more accurate 
and quicker method of obtaining actual distances (Ransom and Pinchak 2003). Several 
assumptions apply to use of line transect sampling: 1) birds on the line or within the first 
distance band are always detected; 2) distances are measured without error; 3) birds do not 
move in response to the observer; and 4) birds are not double counted (Morrison et al. 2006). 
 
Transect surveys are useful for characterizing bird use of a WRA, particularly in the gradient 
analysis, and to survey for listed or other sensitive species. Data useful as the before 
component of BA and BACI (see Appendix C) displacement studies can also be obtained 
through use of transect surveys. In these cases the exact location of each bird detected is 
important for data analysis and the distance along the line also should be recorded so that bird 
locations can be mapped in relation to the proposed or existing turbine locations. As with point-
count surveys, the distance to individual birds observed is necessary to estimate detection 
probabilities and density. Without density estimates, comparisons among areas is limited by the 
similarity of their respective landscapes. Transect survey data should be directly compared to 
other transect surveys rather than to point counts.   
 
Hawk Watch Surveys 
 
If a proposed WRA is in an area where migrating raptors may be of concern, methods similar to 
those used by hawk watch organizations may be appropriate to measure use. Hawk watch 
surveys follow a specific protocol that is a variation of the point-count survey. These surveys are 
conducted from a single or series of points, but the survey length can be up to several hours at 
the same location. There are currently over 1500 established Hawk Watch sites in North 
America (Lewis and Gould 2000), which provide valuable baseline data for comparison to 
similar data collected at WRAs. Historic hawk watch data can be requested from HawkCount 
(http://www.hawkcount.org/) or Hawk Watch International (http://www.hawkwatch.org/home/).  
 
Hawk watch surveys typically are conducted on prominent ridges or coastlines where raptor 
migrations are likely concentrated. Migrating birds are detected using the naked eye, binoculars, 
or even spotting scopes. Usually several people (“spotters”) are used to help detect migrating 
raptors. For surveys conducted during the migration season, typically only birds moving in a 
southerly direction (fall) or northerly direction (spring) are defined as migrants. Birds are officially 
counted only after they pass by the observer. Fall counts may start as early as August and can 

http://www.hawkcount.org/�
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continue through December, while spring counts typically begin in February and continue into 
early June, depending on location. If obtaining data throughout the entire raptor migration period 
is not warranted, the survey period can be shortened to 30 or 60 days to target the peak of 
raptor migration activity. Counts do not have to be continuous during these periods, but count 
intervals should be frequent enough (2 or more days per week) to provide an adequate 
assessment of raptor migration activity. The number of count days per week required for 
sufficient monitoring should be evaluated on a site- and species-specific basis (Lewis and Gould 
2000). Because of high year-to-year variability in the numbers of migrants tallied at most sites, 
more than one year of data may be required to adequately evaluate raptor migration rates at a 
WRA. Alternatively, Hawk Watch data collected at existing points by others may be compared to 
point counts during the same time period to evaluate the point count data with respect to year-
to-year variation. 
 
Territory/Spot Mapping 
 
Territory mapping is used in instances where more specific information on impacts to breeding 
birds is required.  It is not a subset of point count or transect surveys. Because breeding birds 
are territorial, the breeding territory of an individual can be delineated by making repeated 
observations and mapping these locations. Territory mapping is often used to determine the 
number of breeding pairs occurring in an area. Territory mapping is conducted by making 
repeated visits, often as many as 10 visits, to a study area during the breeding season (Bibby et 
al. 1992). During each visit, all birds detected by sight or sound are mapped on a large-scale 
map of the study area. To assist with accurately locating sightings, maps should be made prior 
to the study depicting habitat types, as well as individual objects such as trees, shrubs, roads, 
etc. Colored survey stakes can be placed on a grid within the survey area to aid in accurately 
mapping bird locations. Compasses and rangefinders also can be used to assist in accurately 
locating birds (Collister and Wilson 2007). The availability of GPS units has simplified the 
recording and management of spot mapping data, which has substantially reduced (but not 
entirely eliminated) the need for marking areas with stakes and flags. Data on bird locations 
collected in the field by GPS units can then be downloaded and mapped on GIS-generated 
images (e.g., from satellite imagery or aerial photos).  
 
Mapped locations for each species are combined to depict the number of breeding territories in 
the study area. Information to record for each sighting should include species, sex and age, 
behavior, and habitat. If working on different plot sizes, the amount of time on each plot should 
be proportional to plot size (Kirsch et al. 2007). Territories can be delineated and mapped using 
the minimum convex polygon method. Data can be expressed as the number of territories per 
unit area (Weakland and Wood 2005). Because territory mapping is very time-consuming, it is 
best used for small study areas. Shaffer and Johnson (2008) used a variation of the spot-
mapping technique to map bird locations within grassland plots around turbines in North and 
South Dakota for a study to examine displacement of grassland birds.  
 
Raptor Nest Surveys 
 
Raptor nest surveys are conducted to quantify abundance and species composition of breeding 
raptors in the study area, as well as to map raptor nest locations so that wind energy facilities 
can be sited to avoid impacts to nesting raptors. When the project is located on federal land, 
federal agencies such as the BLM and USFS typically have no surface occupancy (NSO) 
buffers around nests, where turbines or other permanent facilities are not allowed, as well as 
timing restrictions during the nesting season when construction activities are not allowed to 
occur. Therefore, it is important to map raptor nest locations so that their locations can be taken 
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into consideration when developing turbine layouts as well as in planning the timing of 
construction activities.  
 
Depending on several factors, including objectives for the study, the size of the area, 
topography, and abundance of raptor nesting substrates such as trees, cliffs, rocky outcrops 
and powerlines, aerial and/or ground-based surveys should be conducted. Aerial surveys are 
usually advised when the project area is too large to be adequately covered from the ground or 
is difficult to access, or when raptor nesting substrates are abundant or hard to examine from 
the ground (e.g., long areas of cliff face). Surveys should include the development area and an 
appropriate buffer, the magnitude of which will normally be a function of study objectives and 
discussion with the appropriate agencies. Ground-based surveys can be conducted by driving 
areas with good road access or by walking in areas where no roads are present. Binoculars and 
spotting scopes are used to survey areas of likely nesting habitat. 
 
Occupancy determination is the most important goal for the raptor nest searches (Pagel et al. 
2010). A nesting territory is an area that contains, or historically contained, one or more nests 
within the home range of a mated pair (Pagel et al. 2010). Steenhof and Newton (2007) further 
define territory as a confined locality where nests are found, usually in successive years, and 
where no more than one pair is known to have bred at one time (Steenhof and Newton 2007). 
Occupancy should be determined for all historical nesting territories and ones identified from the 
initial survey. Nesting territories and inventoried habitats should be designated as: (1) 
Unoccupied - territory is unoccupied during at least two complete aerial surveys spaced 30 days 
apart; or (2) Occupied - an adult, eggs, or young, freshly molted feathers or plucked down, or 
current years’ whitewash are present (Pagel et al. 2010). Data collected during the inventory of 
territories located within the survey area should follow the inventory standards of Pagel et al. 
(2010) which include documenting the status of each territory as: Unknown; Vacant; Occupied - 
1 bird; Occupied - 2 birds, laying or non-laying. This survey should occur following the nesting 
chronology of raptor of interest. 
 
Aerial raptor nest surveys are usually conducted from helicopters due to the need for 
maneuverability and ability for slow flight speeds. However, surveys also can be conducted from 
fixed-wing aircraft (e.g., Ayers and Anderson 1999). Aerial surveys are only capable of detecting 
nests visible from the air, such as those of eagles, buteos, and certain owls, such as great 
horned owl (Bubo virginianus). These surveys are not appropriate for detecting ground nesting 
species (e.g., northern harrier, burrowing owl) or cavity nesters (e.g., American kestrel [Falco 
sparverius]). Nests are located by searching suitable nesting habitat, such as stands of trees, 
rocky areas, cliffs and certain man-made structures such as utility lines and windmills. The 
helicopter can be flown at an altitude of approximately 76 m (250 feet) and lower during 
surveys. When a nest is observed, the helicopter should be moved to a position where the 
observer can determine if the nest is occupied and the species occupying the nest. Efforts 
should be made to minimize disturbance to breeding raptors, including keeping the helicopter a 
maximum distance from the nest at which the species can be determined. Those distances vary 
depending upon nest location and wind conditions. Locations of inactive nests also should be 
recorded, as nests may be occupied during future years. The locations of all nests should be 
marked using a GPS, mapped on field maps, and given a unique identification number. Surveys 
should be conducted after most raptors have begun nesting but prior to deciduous tree leaf-out 
so that nests are most visible. Depending on the species nesting in the area, one survey may 
not be adequate to detect all nesting species. For example, in the western United States, great 
horned owls and eagles typically nest much earlier than Swainson’s hawks (Buteo swainsoni), 
and surveys conducted during the appropriate time to detect eagles would not detect 
Swainson’s hawks.  
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Data to be collected for each nest observed should include status (active, inactive), condition 
(e.g., good, fair, poor), species, stage (eggs, young in nest), and substrate (e.g., deciduous tree, 
cliff).  
 
Certain precautions should be taken when conducting aerial surveys. Any residential areas 
within the survey area should not be surveyed. Rural residential areas should only be surveyed 
if the helicopter or plane can be kept at a minimum distance of ¼ mile from occupied 
residences. The helicopter or plane should be kept at an altitude of approximately 152 m (500 
feet) while traveling between survey and staging areas to minimize effects on residents. 
Attempts should be made to minimize disturbance to horses, cattle, pets and other livestock. 
The helicopter or plane should be kept approximately 400 m (¼ mile) from livestock and pets, 
but greater distances may be warranted if livestock or pets appear disturbed. 
 
Several studies have found that aerial surveys routinely miss nests. For example, during fixed-
wing aerial surveys to estimate ferruginous hawk (Buteo regalis) populations in Wyoming, 
observers detected 23.7%-36.5% of known nests (Ayers and Anderson 1999). Many ferruginous 
hawks nest on the ground or on rock outcrops, and nests of this species are likely harder to 
detect than nests located in deciduous trees. However, aerial surveys should be followed by 
ground surveys, especially in areas within NSO zones or buffers associated with timing 
restrictions. 
 
A comprehensive survey would include the identification of all occupied and unoccupied raptor 
nests. Basic nest use should be recorded and include: (1) Unoccupied - a nest with no evidence 
of recent use, or attendance by adult birds of prey; (2) Occupied - a nest site, or series of 
supernumerary nests within a 1-km radius, that revealed recent refurbishing (greenery, recent 
egg cup), or is represented by one or more adults on, or immediately adjacent to, nest 
structure(s); (3) Successful - a nest that fledged at least one young; (4) Unsuccessful - a nest 
known to be active but displaying addled/infertile eggs, a destroyed clutch, dead young, or 
empty at a period when dependent young should be present; and, (5) the number of chicks 
fledged (Steenhof and Kochert 1982). This type of survey will require visits throughout the 
nesting chronology of the raptor of interest.  Often two to three surveys of each nest are 
required to determine nest timing so that future visits can be timed to coincide with fledging. 
 
Prairie Grouse Lek Surveys 
 
Much concern has recently been expressed regarding the potential impacts of wind energy 
facilities on prairie grouse species, which include the greater sage-grouse, greater and lesser 
prairie chickens, and sharp-tailed grouse. It is currently unknown how prairie grouse, which are 
accustomed to a relatively low vegetation canopy, would respond to numerous wind turbines 
hundreds of feet taller than the surrounding landscape. Some scientists speculate that such a 
skyline may displace prairie grouse hundreds of meters or even kilometers from their normal 
range (Manes et al. 2002, NWCC 2004, USFWS 2003). If birds are displaced, it is unknown 
whether, in time, local populations may become acclimated to elevated structures and return to 
the area, although Robel et al. (2004) did not detect habituation by the greater prairie chicken to 
other forms of development. The USFWS argues that because prairie grouse evolved in 
habitats with little vertical structure, placement of tall man-made structures, such as wind 
turbines, in occupied prairie grouse habitat may result in a decrease in habitat suitability 
(USFWS 2004).  
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If prairie grouse are potentially present on a WRA, historical data on lek locations and activity 
can be reviewed and active lek locations documented and mapped by conducting field surveys 
when males are attending leks. Depending upon the size of the study area, surveys can either 
be aerial or ground-based. When conducting aerial surveys, either fixed-wing or helicopters can 
be used. Parallel transects designed to provide full coverage of the project area and appropriate 
buffers should be flown. Prior to conducting the surveys, known locations of historic and existing 
leks should be obtained from appropriate federal and state natural resource agencies. All 
mapped leks should be flown to check for occupancy. To search for additional leks in the survey 
area, transects oriented north-south and separated by approximately one kilometer should be 
flown. Transects should be flown at a height of approximately 100-150 meters. Flights should 
take place from one-half hour before to one hour after sunrise, and should only occur during 
calm, clear mornings. Two observers in addition to the pilot should be used to conduct the 
surveys. GPS coordinates and approximate number of grouse observed should be recorded for 
all leks located.  
 
Because accurate counts of birds on leks cannot be obtained from the air, follow-up ground 
surveys should be conducted of all identified leks. Each active lek located during aerial surveys 
and all known historic lek locations should be visited at least three times from the ground to 
count the number of grouse using the lek. Counts on each lek should be separated by 7-10 
days. Counts should be conducted for a 15-30 minute period in the early morning (½ hour 
before to one hour after sunrise). Ground surveys should only be conducted when winds are 
light and there is no precipitation. Data collected should include maximum number of males, 
females, and unknown gender birds observed, time, date, habitat, weather information and 
behavioral observations. A GPS should be used to record the approximate lek center and 
perimeter of each lek in the survey area. Although accurate counts of sage-grouse can typically 
be achieved without flushing the birds, prairie-chickens and sharp-tailed grouse may have to be 
flushed to obtain accurate counts. 
 
When conducting surveys from the ground, observers should stop every 800 m (0.5 mile) along 
roads (if access is suitable) or along transects spaced one mile apart, and listen for displaying 
males. Binoculars also should be used to scan suitable habitat for birds on leks. Three surveys 
should be spaced at least seven days apart.  
 
If post-construction impact studies are planned, additional pre-construction data will be required. 
Relating changes in lek activity after a project is constructed to the effect of a wind facility will 
require that surveys of one or more reference leks and the impacted lek be completed both 
before and after the project (see Appendix C). Because grouse exhibit such high site fidelity, an 
effect of facility development on them may take several years to detect, and may result in fewer 
and fewer displaying males over a number of years post-construction. At a minimum, lek 
surveys and male counts should be conducted annually for the first five years post-construction. 
If an impact occurs and there is interest in determining if recovery follows, surveys should be 
continued every 5th year thereafter, for the life of the project.  
 
Radio Telemetry 
 
Radio transmitters provide cost-effective and convenient means of remotely monitoring the 
movements, resource selection, behavior, and demographics of animals (Millspaugh and 
Marzluff 2001). Radio tracking wildlife began nearly 50 years ago and has advanced 
tremendously in the last decade or so (Kenward 2001). While not typically a pre-construction 
study method, radio telemetry studies can be conducted to obtain data on how birds and other 
wildlife use a WRA (see also Appendix C). Study objectives may include obtaining pre-
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construction data for site planning and for post-construction comparisons to assess 
displacement impacts as well as effects on demographic parameters such as survival and 
reproduction. In some cases, such as when dealing with threatened or endangered species, 
telemetry also can be used to determine how a WRA is used by a particular species of interest. 
The resulting data can be used to site facilities to avoid or minimize impacts.  
 
Radio telemetry involves capturing individuals and placing a transmitter on them so that their 
locations and movements can be tracked over time. Two types of transmitters are available, 
including very high frequency (VHF) transmitters and GPS transmitters. When using VHF 
transmitters, researchers have to obtain locations either from foot, vehicle or airplane. The 
number of locations depends on the amount of time spent tracking individual animals. GPS 
transmitters use satellites to obtain animal locations, and these GPS transmitters can collect an 
almost unlimited number of animal locations per day at high accuracy (i.e., within a few meters). 
There are advantages and disadvantages associated with using VHF and GPS transmitters. 
The VHF transmitters are much cheaper. For example, a VHF necklace type transmitter 
typically used on upland game birds costs approximately $150-$200, versus around $4,000 for 
a single GPS transmitter. Additionally, GPS units weigh substantially more than an equivalent 
VHF unit and thus cannot be used on smaller species. There are also costs associated with 
satellite time for storing data. Substantially more animals can be tracked using VHF transmitters 
for the same price, but the labor involved is much higher for tracking animals after they have 
been collared. Determining which type of transmitters to use will depend on study objectives, 
sample size considerations, and available budgets. Regardless of the method used, telemetry 
studies are expensive and usually are not warranted unless there is substantial concern over 
potential impacts to certain species.  
 
Because of the expense, there has been few telemetry studies conducted for wind energy 
facility risk assessments. As an example of how telemetry data could be used to assess risk, the 
Washington Department of Fish and Wildlife (WDFW) recently used GPS telemetry to monitor 
golden eagle and other raptor use of a proposed wind energy facility in Klickitat County, 
Washington. GPS transmitters were attached to a local nesting pair of golden eagles. Locations 
were recorded once an hour and were accurate to within 15 m. Core use areas were 
determined using a 95% kernel home range estimate, and these maps were overlaid onto 
proposed turbine locations to determine the degree of overlap and assess potential risk to the 
eagle pair (Jim Watson, WDFW, unpublished data). Granger Hunt (Hunt 2002) used VHF 
telemetry on golden eagles at the APWRA over a 4-year period to determine the demographic 
effect of the relative high number of annual fatalities within the WRA.  
 
Telemetry also can be used on relatively small animals such as bats (e.g., Johnson et al. 2010; 
Watrous et al. 2006; Menzel et al. 2005). For example, the miniaturization of radio-transmitters 
has dramatically improved our knowledge of use of roost sites, foraging areas, and habitat types 
by bats in recent years (Hayes 2003, Brigham 2007). The GPS transmitters and receivers used 
with Argos satellites, however, are currently too large to be used on passerine birds and small 
bats (Aldridge and Brigham 1988). Kunz et al. (2007a; Appendix A) discuss radio tracking as a 
tool for studying nocturnal wildlife at proposed and operating wind facilities. Others have 
reviewed radio tracking methods extensively and those designing radio tracking studies will find 
White and Garrott (1990) and Millspaugh and Marzluff (2001) to be important references. 
 
New global positioning system (GPS) technology such as the global system for mobile 
communications (GSM) is still in its infancy, and recent statistical advancements in estimation of 
home ranges and movement events (e.g., Sawyer et al. 2009a) have yet to be applied to most 
GPS data. Future telemetry studies should take advantage of technological advancements, 
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which will improve our understanding of wildlife movements and habitat use in relation to wind 
energy projects.  
 
Surveys for Other Wildlife Species 
 
It is uncommon for pre-construction studies at wind energy facilities to be concerned with 
species other than birds or bats, and consequently we have devoted little attention to method 
and metrics for the study of other species. Large mammals are the most common species for 
which concern is expressed when wind projects are being evaluated. At western wind facilities 
located in native range, the typical species of concern are elk (Cervus elaphus), mule deer 
(Odocoileus hemionus), and pronghorn (Antilocapra americana). In the Midwest and eastern 
United States and Canada, white-tailed deer (Odocoileus virginianus) and black bear (Ursus 
americanus) may be impacted by development of wind energy (Arnett et al. 2007b). Direct loss 
of habitat for large mammals resulting from wind development has been documented in several 
states, although these losses generally encompassed habitat in adequate supply and, to date, 
have not been considered significant (Arnett et al. 2007b). At the Foote Creek Rim facility in 
Wyoming, pronghorn observed during raptor use surveys were recorded year-round for two 
years before and two years after construction (Johnson et al. 2000b) and results indicated no 
reduction in use of the affected area. A recent study regarding interactions of a transplanted elk 
population with an operating wind facility found no evidence that turbines had significant impact 
on elk use of the surrounding area (Walter et al. 2004). There has been concern expressed that 
development of wind power in the northeast United States on forested ridge tops, in stands of 
mast-producing hardwoods, and in wetlands will have a negative impact on black bears. Large 
mammals may avoid wind facilities to some extent, depending on the level of human activity. 
These impacts could be negative and perhaps biologically significant if facilities are placed in 
the wrong locations, particularly if the affected area is considered a critical resource whose loss 
would limit the populations (Arnett et al. 2007b). 
 
The distribution and relative abundance of diurnally active animals can generally be determined 
with systematic observational surveys of the area of interest using point count or line-transect 
surveys as described above for birds and in Appendix C, looking for animals, their sign, or both. 
Protocols and survey methods for reptiles and amphibians are well established (e.g., Corn and 
Bury 1990, Hobbs et al. 1994, Olson et al. 1997, Ryan et al. 2002, Bailey et al. 2004, Graeter et 
al. 2008), and specific protocols for specific sites should be determined and agreed upon with 
state and federal agencies. If absolute abundance is desired then line-transect methods using 
distance or mark-recapture methods as described in Morrison et al. (2006; also see Appendix 
C) will be necessary. “Sign” of animal activity, such as fecal droppings and footprints, is typically 
used as an indication of use rather than abundance. Because sign may be used as an indicator 
of relative abundance for some species, one must be aware of the potential for differential use 
of different types of habitat. For example, mammals often leave more feces near feeding, 
bedding or hiding cover and less during movements. Alternatively, prairie dog relative 
abundance is frequently based on the number of active burrows in a given unit of study. A 
burrow typically is determined to be active based on the presence of a prairie dog or sign at the 
burrow entrance. For a detailed description of methods and metrics for other species the reader 
is referred to The Wildlife Society’s Wildlife Techniques Manual (TWS 2005). 
 
Estimation of distribution and relative abundance for nocturnally active species is more 
challenging as direct observation is difficult. The methods and metrics for nocturnal surveys of 
birds and bats (Kunz et al. 2007a) are contained in Appendix A of this document. For terrestrial 
mammals, surveys of indirect measures of animal abundance, such as track counts, are often 
required.  
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Habitat (Habitat Mapping) 
 
Pre-construction baseline and modeling studies should include an estimate of the habitat 
available for species of interest. Habitat estimates typically are based on a map of various 
resources for a specific study that are considered important habitat features (e.g., vegetation, 
topography). Potential habitat maps are created using identical methods described for mapping 
at the landscape scale for screening, except that habitat is mapped for a specific site, for a 
specific species and typically in more detail. Habitat mapping should take advantage of existing 
mapping conventions used in the state where the project is being considered for development. 
The following is an example of the methods for detailed habitat mapping. 
 
Identification and Description of Habitats in the Study Area – Case Study 
The following is a case study from a project in Eastern Oregon (Oregon Department of Energy 
[ODOE] 2007) using a classification developed by the Oregon Department of Fish and Wildlife 
(ODFW 2003). The case study illustrates general land cover mapping and more detailed 
descriptions and quantification of landscape condition and value. The Oregon example uses the 
term “habitat category” to describe different landscape forms ODFW felt provided habitat for 
important species. These resulting classifications serve as the basis for determining the level of 
mitigation for the direct permanent impacts to habitat. These general categories are: 
 

Category 1: Irreplaceable, essential habitat for a fish or wildlife species, population, or for a 
unique assemblage of species; and, that is limited on either a physiographic province or 
site-specific basis, depending on the individual species, population, area requirements or 
unique assemblage. 

Category 2: Essential habitat for wildlife species, population, or unique assemblage of 
species that is limited either on a physiographic province or site-specific basis depending 
on the individual species, population, or unique assemblage.  

Category 3: Essential habitat for fish and wildlife, or important habitat for fish and wildlife 
that is limited either on a physiographic province or site-specific basis, depending on the 
individual species or population.  

Category 4: Important habitat for fish and wildlife species.  

Category 5: Habitat for fish and wildlife having high potential to become either essential or 
important habitat.  

Category 6: Habitat that has low potential to become essential or important habitat for fish 
and wildlife.  

 
The objectives of habitat mapping surveys are to identify the vegetation types (plant 
associations) and other landscape features (e.g., topography) that provide potential habitat for 
species of interest and that may be directly impacted by development of the study area. Of 
particular interest is the estimation of habitat potentially suitable for federal or state listed and 
sensitive species, including rare plants, on the study area.  
 
In this case study, surveyors produced a map of vegetation associations and other landscape 
features that could be used to identify potential habitat for species of interest. Valuable 
information resources included recent aerial photography, field surveys and existing vegetation 
maps. A vegetation map was developed based on general vegetation types (e.g., grassland and 
forest) and land-use (e.g. cultivated areas, developed areas, bodies of water). Common land 
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unit (CLU) boundaries and CRP enrollment data were mapped and ground-truthed to distinguish 
native habitats from CRP grasslands.  
 
This general vegetation map provided some indication of the amount and location of potential 
habitat for some species, both plant and animal. This information was used to predict potential 
impacts, delineate the areas to be sampled for presence/absence of sensitive wildlife or plant 
species, and to aid in estimating habitat impacts for mitigation purposes. The potential impacts 
were determined by estimating the amount of each vegetation and habitat category permanently 
impacted by the facility by overlaying the footprint of the project onto the habitat layers. In 
addition, the amount of temporary impacted areas such as construction laydown areas, 
underground collection facilities, etc. were also calculated by habitat category. The mapped 
boundaries of each vegetation and land use type were digitized using ArcView™. The habitat 
mapping surveys covered the area proposed for development, and included a buffer around the 
impact area. The size of the impact zone will vary by topography, vegetation, and wildlife 
species of concern. In this study, habitat categories for each species of interest found within the 
study area were identified and mapped within the potential impact zone (the analysis area), or 
228 m (750 ft) from project facilities (Table 3.1, Figure 3.1). The analysis area included the 
turbine development corridor, a 228 m buffer from the edge of development corridors, a 305 m 
(1,000-ft) buffer from all other linear components (e.g., underground and overhead transmission 
lines and road corridors), and the edges of the substation and laydown areas.  
 
Mapping Results and Impact Acreage Calculations 
In this example at a landscape (i.e., broad spatial extent) scale, the study area is dominated by 
agriculture; grassland and sagebrush/shrub-steppe, and CRP, with riparian cover types present 
in drainages and deeper canyons. Land cover in the analysis area consisted of non-irrigated 
cropland (83.4%), sagebrush/shrub-steppe and grassland (10.5%), CRP (3.4%), and developed 
areas (1.5%). All other cover types collectively comprised less than 5% of the study area (Table 
3.2, Figure 3.2). Note that if specific surveys are not performed, general land cover information 
may also be obtained from the National Land Cover Database (USGS NLCD 2001) to determine 
land use/land cover in the study area. 
 
Table 3.3 contains a description of the project area classified into the Oregon “habitat” 
categories. For the purposes of this example, Category 1 habitat in the project area includes 
trees with active raptor nests, while Category 2 habitat includes intact high-quality mature and 
relatively weed-free large shrub-steppe patches that provide potentially suitable habitat for 
sensitive grassland bird species like the grasshopper sparrow. Conservation Reserve Program 
habitat patches were generally considered Category 3 (larger patches, better condition) and 
Category 4 (small patches). Wheat and other cultivated lands were considered Category 6. 
 
In terms of the habitat categories, Table 3.3 illustrates in this example the amount of habitat 
estimated to be within 750 feet of facilities, as well as the acres considered temporarily and 
permanently impacted by the facility. In this particular example, most of the project facilities 
were located in cultivated (Category 6) lands (>90%), with less than 11 acres of Category 3 and 
4 habitats (primarily CRP) permanently impacted by the facility. The acres permanently 
impacted by the project are required to be mitigated under the Oregon Energy Facility Site 
Evaluation Council (EFSEC) rules, and these calculations and habitat ratings are used to 
determine habitat mitigation strategies (Oregon EFSEC 2009). 
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Table 3.1.  Land cover types and categories in the study area. 
Land 
Cover Cover Subtype 

Map 
Code Land Cover Categories and Description 

Agricultural Non-Irrigated 
Cropland 

AG 6-Cultivated croplands with low potential to become 
essential or important habitat. 

 Conservation 
Reserve 
Program 

CRP 3-Croplands planted to grassland/shrub-steppe in 
the CRP program that provide important wildlife 
habitat. 
4-Croplands planted to grassland/shrub-steppe in 
the CRP program that lack later seral stage 
vegetative communities or are of less importance as 
wildlife habitat due to land management or 
topographic locale. 

Riparian Riparian Trees RT 2-Essential and limited habitat for wildlife 
(documented nest/roost habitat). 

 Intermittent 
Streams 

WS 3-Essential or important fish and wildlife habitat 
which is limited. 

 Intermittent 
Streams/ 
Riparian 
Trees 

WS/RT 2-Essential and limited habitat for fish and wildlife 
(documented nest/roost habitat). 

Upland Upland Trees UT 1-Irreplaceable, essential habitat for a wildlife 
species (i.e., Swainson’s hawk) and limited within a 
physiogeographic province (documented 
food/cover/nest habitat and active nest). 
3-Essential or important habitat for wildlife that is 
limited. 

Shrub-
Steppe 

Sagebrush/ 
Shrub-Steppe 

SS 2-Essential and limited wildlife habitat (relatively 
undisturbed old-growth shrub structure; moderate 
grazing). 
3-Essential or important wildlife habitat which is 
limited (e.g., relatively undisturbed habitat; moderate 
grazing). 
4-Important wildlife habitat (e.g., moderate-heavy 
grazing and/or weedy habitat). 

Grassland-
Steppe 

Grassland  GR 3-Essential or important wildlife habitat which is 
limited (e.g., relatively undisturbed habitat; moderate 
grazing). 
4-Important wildlife habitat (e.g., moderate-heavy 
grazing or weedy habitat). 

Developed Developed DE 6- Low potential to become essential or important 
habitat (e.g., residences, storage bins, farm 
equipment storage, grain elevators, 
industrial/commercial facilities, gravel quarries). 

Surface 
Water 

Ponds WP 3-Essential or important wildlife habitat which is 
limited (wetland features). 

Habitat categories and map codes correspond with the locations of each habitat (see Figure 3.1). 
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Figure 3.1. Habitat (land cover) types and categories in the study area. Habitat 

categories and map codes correspond with the locations of each habitat (see 
Table 3.1; WEST 2005). 

 
 

Table 3.2. Land cover types, coverage, and composition, based on 
habitat mapping within the study area.  

Habitat Square Miles % Composition 
Non-Irrigated Cropland 10,682.92 83.4 
Conservation Reserve Program (CRP) 435.51 3.4 
Riparian Trees 38.43 0.9 
Intermittent Streams 5.13 1.1 
Intermittent Streams/Riparian Trees 76.86 0.8 
Upland Trees 5.10 0.9 
Sagebrush/Shrub-Steppe 1,027.31 8.0 
Grassland  320.23 2.5 
Developed 192.14 1.5 
Ponds 25.62 1.2 

Total 12,809.25 100 
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Figure 3.2. The land cover types and coverage within the study area (USGS NLCD 2001). 
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Table 3.3. Total habitat acreage within potential impact zone, and estimated quantity 

of disturbance or loss of categorical habitats and associated habitat types 
within the facility 

 

Impacts 

Total Acres 
(within 750 feet 

of facilities) 

Temporary 
Facilities1 

(acres 
disturbed) 

Permanent 
Facilities2 

(acres lost) 
Category 1 2.64 0.00 0.00 
Upland Trees3 2.64 0.00 0.00 

Category 2 13.73 0.00 0.00 
Intermittent Stream/Riparian Trees 0.18 0.00 0.00 
Riparian Trees 0.08 0.00 0.00 
Shrub-steppe 13.47 0.00 0.00 

Category 3 931.47 13.57 7.35 
CRP 709.56 12.40 7.18 
Shrub-steppe 215.96 1.17 0.17 
Intermittent streams 0.22 0.00 0.00 
Upland trees 5.47 0.00 0.00 
Pond 0.26 0.00 0.00 

Category 4 313.2 4.12 3.62 
CRP 138.31 3.06 2.70 
Shrub-steppe 38.80 0.06 0.04 
Grassland 136.09 1.00 0.88 

Category 5 0.00 0.00 0.00 
Category 6 10,430.12 356.92 154.91 
Developed 64.43 3.97 4.58 
Agricultural 10,365.69 352.95 150.33 

Total 11,691.16 374.746 165.88 
1
 Temporary facilities include: access roads, construction areas, access for overhead line 
construction, installation sites for underground collector cables, and equipment laydown areas for 
individual turbines, entire strings of turbines, and laydown areas for in-transit towers, cranes, and 
miscellaneous construction equipment. 

2
 Permanent facilities include: turbine pads and towers, substation and alternate substation, 
meteorological towers, O&M facility, and permanent access roads. 

3
 Habitat with active Swainson’s hawk nest (2004 and 2005). 

 
 
Modeling Collision Risk 
 
Collision risk models have been used for predicting potential collision risk mortality of birds at 
wind projects. These models can be useful in cases when little empirical data on collision 
potential for a species or group of species are known (Podolsky 2004). For example, if there is a 
concern over the potential collision risk of a rare species that may pass over a wind project, but 
insufficient or non-existent empirical mortality exists for the area and the species, these models 
may be useful in estimating potential risk. In addition, in cases where there is potential take of 
an ESA listed species, these models have been used to predict potential take, in development 
of Habitat Conservation Plans (Kaheawa Wind Power 2006). Collision risk models may be the 
only practical means for estimating risk when there is inadequate empirical data to predict risk 
(e.g., offshore wind energy development). 
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While different approaches have been used to model collision risk, most use the following 
information to determine potential collision: wind facility characteristics including the number, 
type, size of the wind turbines; layout of the wind turbines; wind speed and direction; and 
species characteristics such as passage rates, flight height, flight speed, and other behaviors 
(e.g., avoidance). In general, model output is particularly sensitive to avoidance probabilities 
(Chamberlain et al. 2006). Existing models account for avoidance in different ways (e.g., 
Podolsky 2004, Band et al. 2006). Even Tucker’s (1996) model for flight through active rotors 
allows for fine-scale avoidance of approaching blades. 
 
The following example illustrates one modeling approach for collision risk. 
 

 

Example 
An individual-based mathematical model was developed for the estimation of the probability 
of bird collisions with wind turbines at a hypothetical wind project. The model incorporated 
Tucker’s (1996) approach for estimating the probability of a bird colliding with the rotor 
blades of a wind turbine. In addition to rotor collisions, the model allowed for estimating the 
probability of birds colliding with the turbine tower and nacelle. The physical and dynamic 
characteristics of the proposed turbines as well as the spatial arrangement of the individual 
turbines within the wind park were incorporated in the model. Species characteristics 
including size, flight altitude and speed, and avoidance behaviors were based on literature 
reviews. Wind characteristics were based on data collected from meteorological towers at 
the site. Collision probabilities were assessed by simulating flight paths of individual birds 
through the hypothetical wind facility and calculating the proportion of all such paths that 
resulted in collision. Predicted numbers of fatalities were then calculated by multiplying 
collision probabilities by passage rates. 
 
Results presented here represent an analysis based on a number of simplifying assumptions 
described in greater detail below. 
 
Assumptions 
 
Turbines 
We used a generic 3 MW turbine, with characteristics based on typical manufacturer 
specifications (Table 3.4). Each tower was modeled as a monopole with diameter that 
tapered smoothly from the base to the top. Dynamic characteristics of the turbines were 
based on operational data from wind turbines at an existing project. These characteristics 
included the relationship between wind speed and both rotational speed and blade pitch. 
Operational data indirectly reflect manufacturer specifications for rated rotational speed 
(typical speed under most wind conditions), cut-in wind speed (the minimum wind speed at 
which the rotor begins to turn), cut-out speed (the maximum wind speed at which the rotor 
turns; at greater wind speeds, the rotor is disengaged for safety reasons), and the rated wind 
speed (the speed at which the rotor reaches rated rotational speed; see Figure 3.3). When 
conditions were such that rotors were turning, the Tucker sub-model was used to estimate 
rotor collision probability. Otherwise, when rotors were not turning (e.g., because wind speed 
exceeded the cut-out speed), collision probabilities were estimated with a 3-dimensional 
geometric model of the rotor. The model also accounted for avoidance of and collision with 
turbine towers and nacelles. 
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Table 3.4. Turbine characteristics used in the collision model. 
Feature (dimensions) Value 
Tower diameter (m) 
 Base 
 Top 

 
3.7 
2.3 

Tower height (m) 77.5 

Nacelle (L×W×H, m) 9.65 × 3.60 × 4.05 
Hub height (m) 80 
Rotor radius (m) 45 
Cut-in wind speed (m/s) 3.5 
Cut-out wind speed (m/s) 25 
Rated wind speed (m/s) 16.1 
Minimum rotational speed (rpm) 8.6 
Rated rotational speed (rpm) 16.1 
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Figure 3.3. Relationship between wind speed and rotor speed for the collision 

model for the Vestas V90 3 MW turbine. 
 
 

 
 

Wind Facility 
A proposed layout of the wind facility for this example consists of an array of regularly 
spaced turbines with the longer axis oriented north to south (Figure 3.4). 
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Figure 3.4. Turbine layout. 

 
 

Wind Characteristics 
Wind direction (Figure 3.5) and speed were obtained from meteorological towers at an 
existing project. During simulations (described in greater detail below), hourly wind 
observations of direction and height-adjusted speed were randomly sampled from the 
available data for a particular season and period of the day. 
 
Bird Characteristics 
The particular species for this example was assumed to have a wing span of 0.22 m and 
body length of 0.15 m. Body size was held constant for all individuals in all simulations. 
Simulated flight speeds had a mean of 12.5 m/s and were generated from a modified 
Gamma (4.8, 2.6) distribution (Figure 3.6). 
 
Radar studies were used to inform a distribution of flight directions for each season (each 
season’s distribution was constructed as a mixture of normal distributions, but wrapped 
around a circle [von Mises distribution; Fisher 1995] to fit the observed data). Assigned 
direction was fixed during each simulated flight. That is, flight path direction did not change in 
response to wind or other conditions. Encounter with turbine structures could induce 
temporary changes in direction if the structure was avoided, but original direction was 
maintained following avoidance. 
 
On-site data on flight heights would be the preferred method for simulating flight height 
distributions. In this example, two alternative lognormal distributions (Figure 3.7, Table 3.5) 
were used to approximate the observed distribution.  
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Figure 3.5. Rose plots (circular histograms) of wind direction for the collision 

model.  
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Figure 3.6. Distribution of simulated flight speeds. 
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Figure 3.7. Histograms depicting lognormal distributions of flight 

height used in simulations for the collision model. Top panel 
corresponds to “High” in Table 3.5; bottom panel 
corresponds to “Low”. 
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Table 3.5. Lognormal distributions of flight heights for simulation of species of 
interest in the collision model. 

 Lognormal Parameters   Proportion Below 
Max Rotor Height1 Distribution µ σ Mean (m) SD (m) 

High 5.75 0.45 346.9 164.7 0.020 
Low 5.39 0.45 242.6 114.9 0.106 
1
 Proportion of the distribution at risk of collision, not considering other factors such as avoidance 

probabilities. 

 
 

 
 
Tucker Model 
As expressed by Tucker’s (1996) model, the probability that a bird will collide with a rotor blade 
depends on bird air speed, bird size, angle of approach (whether downwind, upwind, or 
crosswind), wind speed, blade angular speed, location on the rotor disc that is intersected by 
the flight path, blade chord length, blade twist angle combined with blade pitch, and wind 
velocity loss through the rotor disc due to energy extraction (a characteristic of turbine design). 
In addition, Tucker’s model accounts for evasive maneuvering by the bird such that collision 
probability may be lower nearer the hub where blade tangential velocity is lower. 
 
Simulation Protocol 
For each simulation, the initial number of birds was adjusted to ensure that an adequate number 
of bird flights passed through the wind facility at heights within the zone of risk (i.e., below the 
maximum rotor height). More specifically, the initial number was chosen such that on average, 
at least 100 birds would have been at direct risk of colliding with a turbine. 
 
A simulation consisted of 1,000 iterations. At the onset of each iteration, several steps were 
followed based on the selected simulation parameters: (1) wind speed and direction were 
randomly selected from the meteorological tower data based on the chosen season and period 

Avoidance 
Bird avoidance was modeled at several levels. The entire wind facility might be avoided by 
some birds. If a flight path entered the wind facility, then avoidance was evaluated as 
individual structures – rotor, tower, or nacelle – were encountered. While failure to avoid a 
tower or nacelle necessarily resulted in a collision, failure to avoid the rotor-swept area did 
not imply a collision. Encounter of the rotor-swept area invoked the Tucker’s (1996) model 
which might allow a bird to pass unharmed.  
 
Probability of wind facility avoidance was simulated at three values: 0.5, 0.75, and 0.9. That 
is, in the worst case, 50% of simulated birds avoided entering the wind facility while in the 
best case, 90% of simulated birds did so. We note that this range of values is supported by 
the recent evidence from studies of offshore wind facilities in Denmark (Petersen et al. 
2006), which indicates that up to 90% of all birds avoided entering the wind facilities. Lower 
avoidance probability (0.5 in this example) would be expected during periods of low visibility. 
 
Tower and nacelle avoidance probabilities were simulated at three values: 0.75, 0.9, and 
0.99. In clear conditions, avoidance of fixed structures is likely to be extremely high (very 
close to 100%). As with wind facility avoidance, a low value was chosen to account for poor 
visibility during low light and heavy fog conditions. 
 
The probability of rotor avoidance was simulated at two values: 0.25 and 0.50. 
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of the day; (2) turbines were rotated to face into the wind, and turbine rotational velocity was 
calculated from the selected wind speed; (3) flight heights were generated for all birds from the 
appropriate lognormal distribution (Figure 3.7); (4) air speeds were independently selected for 
all birds at risk by generating random variates from the specified Gamma distribution; (5) flight 
directions were independently selected for all birds at risk by generating random variates from 
the mixture of von Mises (circular normal) distributions (Fisher 1995) for the appropriate season; 
(6) for each direction of approach to the wind park, bird flight path origins were randomly 
generated from a Uniform distribution across the “width” of the facility. 
 
Estimated passage rate through the site was 50 birds per day for 45 days in the spring and 45 
days in the fall, or 4,500 birds per year. Fatality estimates were calculated as the product of 
collision probability and passage rate for all simulation conditions.  
 
Results and Conclusions 
The sensitivity of overall collision probability to the different avoidance factors is shown in Figure 
3.8. Among these factors, collision probability was most sensitive to wind facility avoidance. 
That is, over the range of input values used in these simulations, changes in wind facility 
avoidance led to the greatest changes in collision probability. Sensitivity to flight altitude (not 
shown) was nearly as great as wind facility avoidance. 
 
For this example, the average total collision probability across all simulations was 0.0000556, 
such that less than 6 out of every 100,000 bird flights would be expected to collide with a 
turbine. Given the estimated passage rate through the wind park (4,500 birds per year), this 
probability translates to 0.25 expected fatalities per year, or 1 every 4 years. 
 
Using the most conservative assumptions regarding avoidance (lowest avoidance probabilities), 
but the flight altitude assumption that closely matches the data (High), we estimate less than 1 
fatality per year.  
 
In the worst case considered here, mean total collision probability was approximately 0.0003, 
such that 3 out of every 10,000 bird flights would be expected to collide with a turbine. Given the 
estimated passage rates through the wind facility, this probability of collision translates to 1.35 
expected fatalities per year or 27 fatalities over a 20-year period. 
 
These simulations are used to provide some information on potential fatalities and use as much 
data as are available regarding bird behaviors and abundance near the project area, as well as 
other studies of avoidance by other species. This modeling approach should be evaluated with 
actual fatality data. 
 

BATS 
 
Interactions between bats and wind turbines are poorly understood (NRC 2007, Kunz et al. 
2007b). The combination of nocturnal habits, volancy, small size, and variation in resource 
dependence (species vary in roost, water, and food resource dependence), have made even a 
rudimentary understanding of how bats interface with their environment difficult to establish 
(Gannon et al. 2003). Post-construction monitoring generally has provided most of the 
information that has been gathered on bat fatalities at wind facilities. While patterns of fatality of 
bats at wind facilities allow for some conjecture about risk factors for some species, information 
on use of the area encompassing a facility are needed to place bat fatality in an appropriate 
context (Fiedler 2004).  
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Figure 3.8. Total collision probability (mean ± 1 standard error), as a function of avoidance: wind facility 
avoidance probability, rotor avoidance probability, and tower/nacelle avoidance probability for the 
collision model. 
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Pre-construction studies at wind facilities have been conducted and most commonly employ 
mist nets and acoustic detectors to assess local bat species presence and activity. However, 
using this information to predict bat fatality and risk at a site has proved to be challenging. The 
ability to generate reliable risk assessments prior to construction of wind facilities is greatly 
hampered by the lack of baseline data on bat population distributions and densities throughout 
much of North America (O’Shea et al. 2003, Reynolds 2006) and by the migratory patterns and 
behavior of bats (Larkin 2006). 
 
Available techniques for assessing bat activity in pre- and post-construction studies include 
roost surveys, mist-netting, acoustic detectors, radio telemetry, thermal imaging, and radar. 
Here, we focus primarily on roost surveys, mist-netting, and acoustic detectors to assess bat 
activity and potential risk. Radar and thermal imaging are covered in other sections of this 
document. We also refer readers to an extensive review on nocturnal methods and metrics by 
Kunz et al. (2007a; see Appendix A of this document) for more detailed information on each of 
these methods.  
 
Acoustic Monitoring 
 
Acoustic monitoring is perhaps the most practical method for monitoring bats at proposed wind 
facilities (Kunz et al. 2007a). Acoustic monitoring allows researchers to detect and record calls 
of echolocating bats, and can be used to assess relative activity and identify species or groups 
of species. Estimating amount of activity is relatively straightforward, but estimating abundance 
requires differentiation between multiple passes of a single bat and multiple bats making single 
passes, and is not usually possible. Echolocation calls are reliably distinguishable from other 
sounds (e.g., bird, arthropod, wind, mechanical), but ability to distinguish species of bats varies 
with taxon, location, type of equipment, and quality of recording, and may be challenging 
(Barclay 1999, Hayes 2000, NRC 2007). 
 
Understanding bat activity levels prior to construction of wind facilities can assist in identifying 
habitats and features that may pose high risk of fatality, and may aid with decision-making, 
including specific placement of turbines (Fiedler 2004, Reynolds 2006, Arnett et al. 2006). 
Unfortunately, past and current efforts to monitor bat activity acoustically prior to construction of 
turbines may suffer from flaws in study design, including small sample sizes and poor temporal 
and spatial replication (Hayes 1997, 2000), pseudoreplication (Hurlbert 1984), and inappropriate 
inference because limitations and assumptions were not understood or clearly articulated 
(Hayes 2000, Sherwin et al. 2000, Gannon et al. 2003). Also, there is a lack of information and 
lack of agreement among stakeholders, biologists, and scientists as to what constitutes different 
levels of risk in relation to bat activity and potential fatality of bats at wind facilities. Passive 
acoustic surveys can provide baseline patterns of seasonal bat activity at proposed wind energy 
sites, but given the current state of knowledge about bat-wind turbine interactions, researchers 
should be aware of the fundamental gap between pre-permitting assessments and operations 
fatalities. The ability to predict fatalities, and thus risk, from acoustic data has not yet been 
established, and acoustic data gathered pre-construction should be linked with post-
construction fatality data from multiple facilities (Arnett et al. 2006). Several studies are 
underway, however, and this linkage should be developed soon. Kunz et al. (2007a; see 
Appendix A of this document) provide extensive details on methods and metrics for using 
acoustic detectors. Below, we provide an additional guide to study design and deployment 
considerations, study duration, and modeling bat activity relationships. 
 
Bats are widely distributed and are likely present at most proposed wind facilities. Discussions 
with experts, state wildlife agencies, the USFWS and perhaps other federal agencies, 
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depending on project location, will be needed to assist in the determination of the credibility and 
applicability of any existing data on bat occurrence. Acoustic monitoring for bats may be 
necessary to confirm bat presence when available data are inadequate.  
 
Choice of experimental design for acoustic monitoring is contingent on a number of factors and 
depends on the question of interest. The typical questions addressed by acoustic monitoring of 
the study area include species presence and relative abundance. These data can be weighed in 
the final decision on whether and how to develop a site. Acoustic data also may be used to 
predict post-construction fatalities based on pre-construction activities. Control sites and 
employment of BACI designs (Green 1979, Anderson et al. 1999, Morrison et al. 2001; Morrison 
et al. 2006) usually are necessary when attempting to relate changes in activity associated with 
characteristics of a wind facility prior to and after construction. For example, bats may be 
attracted to a site once turbines are constructed (Ahlén 2003; Arnett et al. 2007b, 2008; Kunz et 
al. 2007b) and a BACI design would indicate if changes between pre- and post-construction bat 
activity could be attributed to the presence of turbines. Researchers conducting acoustic 
monitoring should clearly state questions, definitions and assumptions prior to beginning 
monitoring. Hayes (2000), Sherwin et al. (2000), and Gannon et al. (2003) provide information 
on assumptions and limitations of acoustic monitoring studies. 
 
Temporal and spatial variation in bat activity must be accounted for when designing field studies 
in order to assess bat activity at proposed and existing wind facilities. High spatial variability in 
bat activity, both in the vertical and horizontal plane, has been demonstrated both within and 
among sites (Hayes 1997; Gannon et al. 2003; Arnett et al. 2006, 2007a; Redell et al. 2006; 
Reynolds 2006). Furthermore, indices of activity generated from acoustic detectors are well 
known to vary temporally, including within and among nights, seasons, and annually (Hayes 
1997). An initial site assessment using bat detectors may yield little or no evidence of bat 
activity at a proposed wind-development area. Thorough temporal sampling would be needed to 
assess the existence of possible seasonal pulses of activity from migration. Sensitivity among 
acoustic detectors should be calibrated, following Larson and Hayes (2000). Differences in 
detected activity also could be due to differences in probability of detection rather than actual 
differences in activity (Humes et al. 1999, Hayes 2000, Gannon et al. 2003, O’Shea et al. 2003, 
Duchamp et al. 2006). Within forests, several factors can influence detectability of bat calls 
(Hayes 2000, Weller and Zabel 2002). Differences in vegetative clutter may deflect echolocation 
calls to different degrees (Patriquin and Barclay 2003) and vertical structure of a forest may 
influence the height at which bats forage (Kalcounis et al. 1999, Weller and Zabel 2002, 
Duchamp et al. 2006). Changes in vegetation cover and conditions from pre-construction to 
post-construction also may alter the height at which bats fly, and thus lead to more bats feeding, 
commuting, or migrating through an area, thus potentially increasing exposure risk with turbine 
rotors. These factors must be considered when designing acoustic studies, analyzing data, and 
interpreting findings. Notwithstanding, with current understanding of bat biology, it is impossible 
to conclude that the absence of bat activity on one or a few nights of recording indicates that 
bats are absent from the site. 
 
Long-term passive monitoring with acoustic detectors requires that the equipment be resistant 
to damage from weather (e.g., rain, hail, fog). A common approach for acoustic microphones is 
to protect them within a weather-proof PVC “bat hat” that is linked by cables to ground-based 
data-logging units. When installed, the microphone points downward and receives signals from 
a clear Lucite or Plexiglas reflector plate (e.g., Arnett et al. 2006, 2007a; Redell et al. 2006; 
Kunz et al. 2007a). There is concern that both quantity and quality of calls recorded by detectors 
using bat-hat systems is compromised. More research is needed to determine if such bias 
exists and what effect there is on call quantity and quality and subsequent predictability of 
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fatalities. Researchers should deploy the same detector systems and weatherproofing devices 
to ensure that data collection, and any bias (if it exists) are consistent. Acoustic detectors 
provide an index of activity and if bias is generally consistent, then compromises to call quantity 
and quality may not affect predictability of fatalities. 
 
Sample size requirements will vary depending on variability of activity among bats at a given 
site. For projects in the eastern United States, deploying detectors on all existing meteorological 
towers available at the proposed site may be necessary, whereas a sample of existing 
meteorological towers for sampling may be appropriate at other sites where variation in bat 
activity among sampling stations is low. For example, in eastern hardwood deciduous forests, 
researchers estimated that 18 sampling stations would be required to achieve precision of 
activity indices within 10% of the mean of their original dataset (10 stations would be required to 
be within 20% of the mean; Figure 3.9, E.B. Arnett, Bat Conservation International [BCI; 
http://www.batcon.org], unpublished data). Conversely, Weller (2007) reported little variation in 
bat activity indices among sampling stations at a proposed site in Palm Springs, California, and 
suggested the sample of 4 meteorological towers used during that study adequately accounted 
for the variation in bat activity. Researchers should use existing data from studies in similar 
regions and habitats to estimate sample sizes needed to get reasonable estimates of bat activity 
at future proposed sites. 
 
When studying bats in warmer climates, monitoring is recommended for a full year because so 
little is known about the timing of bat migratory activity; some bat species overwinter in warmer 
regions and can be active throughout the year. Year-long surveys may be particularly important 
if sites are likely to support resident bat populations and include habitat features conducive to 
higher potential risk (e.g., near hibernacula or maternity roosts). When studying bats in colder 
climates, surveys should be conducted during the full period of activity for bats (generally April 
through October; Arnett et al. 2006, 2007a; Kunz et al. 2007a). If year-round or full activity 
season surveys are conducted, acoustic monitoring should be conducted at least during spring 
and fall migration, periods that pose the greatest risk to bats (Arnett et al. 2008). Detectors 
should be set to record bat calls from at least ½ hour before sunset to ½ hour after sunrise each 
day during the survey period. 
 
Modeling patterns of bat activity. Studies should be designed to estimate activity rates 
(number of calls/tower) of bats, and differences in those rates generally will be based on three 
factors: species or species group (e.g., those with high and low frequency calls); habitat 
variations (e.g., forest vs. open field); and height above the ground (e.g., 1.5 m, 25 m, 50 m). 
Bats of different species groups might prefer one land cover over another and might have 
different preferred flight heights, or preferred flight height might differ with habitat. Other studies 
have reported that activity rates can differ with temperature and wind speed (e.g., Reynolds 
2006), but how these latter two factors might affect activity patterns of species groups is 
currently unknown. 
 
Models can be developed to help understand the relationship between bat call rates and 
independent variables such as temperature, habitat, height above ground, wind speed and other 
possible variables. These models can aid in understanding the potential risk of collision of bats 
with wind turbines and in determining when and where they might be most at risk. With these 
types of model selection applications, a set of plausible models should be developed (Burnham 
et al. 2004) describing the interaction of temperature and wind speed with each of several 
possible species-specific parameters (e.g., species group, flight height, and habitat). Date and 
the quadratic effect of date can be included in models to account for the seasonal nature of bat 
activity that likely peaks in late summer and fall (Arnett et al. 2006, 2007a). Although these data 

http://www.batcon.org/�
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are counts (i.e., number of passes per night in each factor combination) and would naturally be 
modeled as a Poisson distribution, the observed values may have more variation than would be 
expected of Poisson-distributed data. Thus, it may be necessary to model acoustic data as 
over-dispersed Poisson using a generalized linear model.  
 
 

 
Figure 3.9. Average number of calls per tower per night collected at 15 sampling stations 

at the Casselman Wind Project in south-central Pennsylvania, 1 August to 31 
October 2005, and the number of sampling stations needed to achieve 10% and 
20% of the mean generated from this data set (from Arnett et al. 2009a). 

 
 
Other Study Methods Applicable to Bats 
 
Other research tools are available to complement the information from acoustic surveys. These 
methods typically are not used for pre-construction baseline studies and are more appropriate 
for in-depth studies that might be conducted post-construction. Nevertheless, these methods 
may be helpful to answer particular questions about threatened or endangered species such as 
roosts size, species composition, and bat behavior and activity patterns at roosts. Kunz et al. 
(2007a) provides a comprehensive description of bat survey techniques pertinent to wind 
facilities. Methods for assessing colony size, demographics, and population status of bats can 
be found in O’Shea and Bogan (2003). Kunz et al. (2007a) and Kunz and Anthony (1996) 
provide detailed guidelines on capture techniques for bats, including mist-nets and harp traps. 
Devices and methods used to capture bats also have been thoroughly discussed elsewhere 
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(see reviews in Kunz and Kurta 1988, Kunz et al. 1996, 2009a, 2009b), so only a brief overview 
of methods is provided here. Although no single capture method is suitable for all species, mist 
nets and harp traps are the devices used most commonly used for bats because they are 
relatively easy to deploy and can be used in a variety of situations.  
 
Mist-Netting. Mist-netting of bats is required in some situations by state agencies and the 
USFWS to determine the presence of threatened, endangered or otherwise rare species. Mist 
netting alone may be inadequate for assessing bat presence at proposed and operational wind 
energy facilities, and we generally do not recommend this technique as a standard method for 
assessing risk of wind development to bats because: (1) the technique measures captures of 
bats per unit effort, therefore only providing an index of abundance; (2) not all proposed or 
operational wind energy facilities offer conditions conducive to capturing bats and often the 
number of suitable sampling points is minimal or not closely associated with the project location; 
and (3) capture efforts often occur at water sources offsite or at nearby roosts and the results 
may not reflect species presence or use on the site where turbines are to be built. 
Notwithstanding, mist-netting and harp-trapping are the only available methods that can provide 
reliable information on sex, age and reproductive condition (Kunz et al. 2007a, 2009a). 
Captures of bats near roost sites and in habitats below and adjacent to wind turbines may 
provide valuable information on population variables of interest. Captured bats provide tissue 
samples for DNA and stable isotope analyses that assess demographic population size, genetic 
diversity, and geographic origins of bats present during resident and migratory periods.  
 
As with acoustic surveys, mist-netting surveys should account for both spatial and temporal 
variation. Multiple surveys conducted several times across the breeding and migratory seasons 
will be necessary to answer questions of interest. For example, based on a study in northern 
California (Weller and Lee 2007), a minimum of three surveys at each of four sites between 1 
July and mid-September were needed to adequately characterize a forest bat species 
assemblage of eight species in that region. Level of effort required to answer different pre-
construction questions will vary by species of interest, habitat, time of year, and other factors 
that should be assessed and factored into decision on whether to employ mist-netting (or using 
harp traps).  
 
All methods used to capture bats are subject to bias (Kunz and Brock 1975, Kunz and Kurta 
1988, O’Shea and Bogan 2003), and inferences from mist-net surveys should be made in the 
context of these biases. Whereas the influence of capture-related bias is well understood for 
sampling small mammals (e.g., Chao 1987), the magnitude of this bias remains unclear for bats. 
Most studies using mist-nets assume similar detection probabilities across sites, but the extent 
to which this assumption is realistic is unknown (Anderson 2001, MacKenzie 2005, MacKenzie 
2006). Temporal patterns of bat activity vary with weather and other factors (Hayes 1997, 
Erickson and West 2002), yet the effect of these variables on detection probability using mist-
net captures as an index of bat abundance has not been fully evaluated. Indices based on mist 
net capture data should be interpreted with caution until the assumption of constant detection 
probability is validated (McKelvey and Pearson 2001, O’Shea et al. 2003).  
 
If mist-netting is to be used, optimal results may be obtained by using mist-netting in 
combination with acoustic monitoring to inventory the species of bats present at a site (Kuenzi 
and Morrison 1998). If mist-netting is to be used to augment acoustic monitoring data at a 
project site, trapping efforts should concentrate on potential commuting, foraging, drinking, and 
roosting sites. Biologists with training in bat identification, equipment use, and data analysis and 
interpretation should design and conduct all studies discussed below. Mist-netting and other 
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activities that involve capturing and handling bats may require permits from state and/or federal 
agencies. 
 
Exit Counts / Roost Searches. Pre-permitting survey efforts should include an assessment to 
determine whether known or likely bat roosts in mines, caves, bridges, buildings, or other 
potential roost sites could occur near proposed wind-turbine sites. If active roosts are detected 
during this assessment, exit counts and roost searches can be performed to assess the size, 
species composition, and activity patterns related to any bat-occupied features near project 
areas. When bat colonies are relatively small (usually <1,000; Kunz et al. 2009b), visual 
censusing may be practical and potentially less disturbing to the colony than other methods 
(Kunz and Anthony 1996, Kunz 2003, Kunz et al. 2009a). Larger colonies will require censusing 
protocols using thermal infrared imaging cameras that can provide reliable estimates of number 
of bats present (Frank et al. 2003, Kunz 2003, Betke et al. 2008, 2009), although repeated 
sampling is required to assess seasonal changes in abundance and colony composition. Rainey 
(1995) provides a guide to options for exit counts. Roost searches should be performed 
cautiously because roosting bats are sensitive to human disturbance (Kunz et al. 1996). Known 
maternity roosts should not be entered or otherwise disturbed. Searches of abandoned mines or 
caves can be dangerous and should be conducted only by experienced researchers. For mine 
survey protocol and guidelines for protection of bat roosts, see the appendices in Pierson et al. 
(1999). Multiple surveys may be required to confirm the presence of specific species of bats in 
caves and mines (see Sherwin et al. 2003). 
 
Radar. Numerous radar technologies (including NEXRAD Doppler, tracking radar, and marine 
radar) have been used to estimate the amount of nocturnal activity of volant animals (Kunz et al. 
2007). NEXRAD is readily available, but fixed locations limit coverage and the low resolution 
makes it impossible to distinguish insects from birds or bats since no information is provided on 
individual targets.  NEXRAD cannot provide information on nocturnal activity at or below turbine 
height, and because of the curvature of the earth the effective coverage overshoots much of the 
bird migratory movement (NRC 2007) at distances beyond 40 km of the station location. 
However, it can provide information for assessing larger scale spatial and temporal patterns of 
flying animals (NRC 2007) and has been used to understand bat dispersal from caves and 
hibernacula (Horn and Kunz 2008).  
 
Marine radar has commonly been used to estimate nocturnal migrating passerine activity and 
also has some limited application to the study of bat activity at wind facilities (See Kunz et al. 
2007a). Marine (X-band) radar systems were originally designed for use on boats, but 
commonly have been used as mobile units to estimate the passage rates, flight paths, flight 
directions and flight altitudes of nocturnal targets.  These units typically are mounted on a trailer 
or vehicle (e.g. van) and are designed to be able to collect data with the antennae in both the 
horizontal (passage rates, flight paths, flight directions) and vertical (passage rates and flight 
altitudes) orientation. The units also have been configured to measure flight altitudes with a 
parabolic dish (Cooper et al. 1991; Gauthreaux 1996).  Both 3-cm (X-band) and 10-cm (S-band) 
marine radars have been used to study bird movements, but no studies have been published 
comparing effectiveness of each type relative to bird, bat and insect detections.  Precipitation 
and insect contamination can be problematic with X-band radar.  S-band radar is less prone to 
these contaminations but lower detection of smaller bird and bat targets may be an issue.  
Marine radar by itself cannot distinguish a migrating bird from a bat, and insects cannot always 
be easily distinguished from bat/bird targets.  Simultaneous collection of X-band radar data with 
acoustics, thermal imaging, and or night vision has been used to help quantify the relative level 
of bird activity and bat activity within the range of detection and subsequent exposure of birds 
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and bats to wind turbine impacts. However, more research and development is required for the 
effective application of these tools to quantifying targets by species.  
 
Tracking radar systems can be used to collect information on individual birds, bats and insects, 
including wing beat signatures to help discriminate these groups (Kunz et al. 2007a). This tool 
has not been commonly used at proposed wind facilities because it is not generally available, 
has limited spatial coverage, and can be difficult and expensive to maintain and repair.  A 
review of small radar systems in studying bird movements can be found in Desholm et al. 
(2004) and MacKinnon (2006). The application of these tools to the study of nocturnal birds and 
bats is contained in Appendix A.   
 
 

SUMMARY 
 
Pre-construction baseline and modeling studies should follow well-designed protocols and 
common methods and metrics adapted to site characteristics, species of interest, and the speed 
at which development of specific sites occurs. Protocols, methods and metrics also may be 
influenced by permit requirements and stakeholder interest. These more in-depth studies will 
necessarily be focused on those areas of uncertainty identified during screening and site 
assessment studies.  
 
Pre-construction baseline and modeling studies provide the information that a developer needs 
to determine if a project is going to be developed, how a site should be developed to avoid or 
minimize risk, and potential other mitigation measures for unavoidable adverse impacts to 
wildlife. These studies also provide site-specific and detailed information on the abundance, 
distribution, behavior, and habitat associations within a site selected for development. The data 
from these studies must provide the detail required by any permitting process required for the 
project. These data also provide the pre-construction component of studies that will be 
continued during post-construction. While the need and protocol for these BA studies should be 
identified during pre-construction problem formulation, the protocol for these studies also may 
influence how a project is constructed. For example, if special blade painting is selected as a 
potential risk-reduction measure that must be evaluated with post-construction studies, the 
protocol for painting of blades would determine which turbines were treated with the special 
paint and which turbines were used as controls (i.e., not receiving the special paint). Likewise, if 
a permit specifies phased development within the context of an adaptive management 
development process, baseline studies would be designed to provide the pre-construction data 
on the effectiveness of risk reduction measures so that the design of future phases of the 
development would be influenced by the outcome of studies of the first phase of development.  
 
 

DECISION PROCESS 
 
At the end of pre-construction studies, the developer, and potentially the permitting authority, 
will make a decision regarding whether and how to develop the project. Development may be 
delayed or abandoned in favor of sites with less potential for environmental impact or other sites 
or landscapes may be evaluated in search of more acceptable sites for development. However, 
if a developer has followed a risk assessment approach as described above and in Appendix B, 
a decision to abandon a site at this stage of the process is very unlikely. Most likely, the 
decisions at this point will focus on how to develop a site to avoid, minimize or mitigate the 
potential effects that have been identified during pre-construction studies. 
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INTRODUCTION 
 
Post-construction fatality studies focus specifically on estimating the fatality rate and in many 
cases the total estimated fatalities at an operating wind energy facility. In addition, they are 
useful for characterizing the species composition of fatalities, potentially identifying factors 
related to higher mortality (e.g. proximity to features), and for understanding the need for and 
the success of mitigation in an adaptive management context. 
 
 

PROBLEM FORMULATION 
 
Post-construction fatality studies are primarily for estimating the overall fatality rates for birds 
and bats at a wind facility and involve searching for bird and bat carcasses beneath turbines. 
The data also may be useful in determining species composition of fatalities, estimating 
relationships between fatalities and site characteristics, comparing fatality rates among facilities, 
comparing actual fatality rates with those predicted in pre-construction studies, and determining 
whether fatality rates warrant additional mitigation measures.  
 
The level of effort and seasonality of studies may vary depending on several factors, including 
site sensitivity and risk level, amount and quality of existing data from nearby sites, and the 
species of interest. The questions and methods described here generally assume at least two 
years of post construction data. However, it may be reasonable to consider one year of 
monitoring in cases where operating facilities exist near the project area and the fatality data 
from those projects, as well as other supporting information, strongly support low impacts and/or 
very high certainty in predicted mortality. For example, numerous fatality monitoring studies 
have been conducted at projects in agricultural settings in the Columbia Plateau Ecoregion of 
the Pacific Northwest (see Johnson and Erickson 2008). The results of these studies indicate 
similar mortality rates and species composition for birds and bats, which were consistent with 
predicted impacts. Consequently, one year of post-construction monitoring for new projects in 
this setting would be a reasonable requirement. Notwithstanding, it may be reasonable to 
consider longer-term monitoring in cases where fatality rates are very high, high uncertainty is 
observed in the first year, or in order to answer specific questions about levels and cause of 
mortality over time. These more detailed studies are described in Chapter 5 and generally 
respond to the need for additional risk reduction, evaluation of additional mitigation measures, 
or population-level effects of fatalities.  
 
Objectives Stated Questions 
 
The following are the most important questions that post-construction fatality studies should be 
designed to answer. 
 

1. What is the bird and bat fatality rate for the project?  

The primary objective of fatality searches is to determine the overall estimated fatality rate 
for birds and bats for the project. These rates serve as the fundamental basis for all 
comparisons of fatalities, indicators of relationships with site characteristics and 
environmental variables, and evaluation of mitigation measures implemented at the time of 
project construction. In the past, fatality rates have been expressed on a per turbine per 
period basis, per MW nameplate per period basis, per rotor swept area per period basis, 
and per kWh per period basis. Other metrics may be more appropriate, such as per rotor 
swept hour per period. Metrics are further discussed below. The level of effort to answer this 
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question will depend on the desired precision of the rate estimates. Typically post-
construction fatality studies should be designed such that the desired precision allows the 
researcher to address the following more specific questions: 

 

A. What is the total number of fatalities of birds and bats? 

B. Is the fatality rate low, moderate or high relative to average fatality rate for other projects 
in similar landscapes or with similar species composition?  

C. Is the fatality rate for individual species of such a magnitude that there is concern for 
biologically significant effects (i.e., population effects, reduced population viability)? 

 
Given the nature of questions A, B, and C, precision to reliably answer these questions 
might result in coefficients of variation in the range of 20-30%. However, there are 
situations, such as to meet permit requirements, when a more precise estimate of the level 
of mortality is necessary. In those cases, significantly more effort would be required to 
achieve a coefficient of variation less than 20%.  

 
2. What are the fatality rates of those species determined to be of special interest? 

This analysis simply involves calculating fatality rates for individual species of interest at a 
site. Species-specific fatality rates will be most precise for the most commonly killed species.  
 
Estimates of the fatality rates or survival rates of rare species, or for local breeding 
populations, may require much more intensive study, such as conducting radio-telemetry 
studies or conducting more intensive fatality searches. 
 
3. How do the estimated fatality rates compare to the predicted fatality rates? 

There are a number of ways that predictions can be assigned and later evaluated with 
actual fatality data. During the planning stages in site assessment studies, predicted 
fatalities and associated uncertainty may be derived from existing data at similar facilities in 
the region. Metrics derived from pre-construction assessments for an individual species or 
group of species, usually an index of activity or abundance and uncertainty, could be 
compared to estimated post-construction fatality rates. Theoretically it could be assumed 
that some non-fatality metrics (e.g., number of birds seen per survey) are highly correlated 
with fatality rates and that these metrics could be used to predict fatalities. For example, 
Figure 1.4 illustrates the potential correlation between diurnal raptor use during pre-
construction surveys and estimated post-construction fatality rates.  This particular analysis 
was limited by the small number of facilities that collected both use and fatality data, which 
is illustrated by the wide prediction intervals. There will be numerous facilities added to such 
an analysis in the very near term and this larger sample size should strengthen the analysis.  
There are collision risk models that use the wind turbine characteristics and potentially 
numerous other factors (bird characteristics, wind turbine layout, bird abundance) to predict 
fatalities (e.g., Tucker 1996, Nations and Erickson 2010, Podolsky 2004, Band et al. 2006). 
These models are especially useful when predicting fatality rates for rare species where 
empirical fatality data are lacking. 
 
4. How do the fatality rates compare to the fatality rates from existing facilities in similar 

landscapes with similar species composition and use? 



 

 

75 Comprehensive Guide to Studying Wind Energy/Wildlife Interactions 

Comparing fatality rates among facilities with similar characteristics is useful to determine 
patterns and broader landscape relationships. It also helps interpret the significance of the 
fatalities at the newer facilities, as described under question 1 above. Fatality rates should 
be expressed as a common metric among facilities. If all the facilities under comparison are 
using identical turbines then a per-turbine metric may be satisfactory. However, because 
there is variation in the size of turbines across the country, these comparisons normally 
should use a standardized metric, such as a per MW or per rotor swept area rate.  

 
5. Do bird and bat fatalities vary within the facility due to some facet of the site 

characteristics? 

The presence or absence of fatalities or counts of fatalities can be compared to site 
characteristics associated with fatality locations or fatality counts (e.g., distance to features, 
proximity to water, forest edge, slope, etc.) as well as weather characteristics to determine 
associations between fatalities and site characteristics. For example, Erickson et al. (2004) 
compared the fatality rates of nocturnal migrants and bats at lit turbines v. unlit turbines, and 
detected no significant differences. Associations between fatalities and site characteristics 
are particularly useful to determine future micro-siting options when planning a facility or, at 
a broader scale, in determining the location of the entire facility. Additional information can 
be gained by comparing these relationships among facilities. However, these analyses will 
have a limited ability to detect minor effects if sample sizes are set to achieve a specified 
precision on answers to questions 1-4.  
 
6. What is the species composition of fatalities in relation to species composition of 

migrating and resident birds and bats at the site? 

The most simplistic way to address this question is to identify the composition of fatalities 
based on migratory status. For example, the big brown bat (Galleria mellonella) is a non-
migratory species, so a fatality could be assumed to have come from the local population of 
big brown bats. Similarly, the hoary bat and red-eyed vireo (Vireo olivaceus) are known to 
migrate long distances, and if the facility is outside their summer or winter ranges then a 
fatality could be assumed to have come from a migratory population of these species. 
However, this simplistic approach fails when a fatality is from a species that resides near the 
facility and also migrates through the area. Species composition of fatalities may not 
represent the species composition of actual fatalities because of differences in carcass 
removal rates, searcher detection rates, and the presence of rare species. 
 
Nevertheless, these data are useful in suggesting patterns of species composition of 
fatalities and possible mitigation measures directed at either resident populations, migrants, 
or perhaps both. More detailed investigations using stable isotope and genetic analyses 
may be conducted to help answer the question of residency status of fatalities.  

 
7. Do fatality data suggest the need for mitigation measures to reduce risk? 

Fatality rates that trigger specific mitigation measures are most likely to be identified on a 
project specific basis as a part of the permitting process or agreement among developers 
and agencies. For example, the Oregon Department of Energy, with advice from a Technical 
Advisory Committee made up of multiple stakeholders, developed fatality triggers such that 
if exceeded, additional mitigation would be considered in lieu of multiple years of additional 
fatality monitoring (Oregon EFSEC 2009). The basis for defining the fatality rate triggers will 
almost always be arbitrary and not necessarily based on actual biological effects (e.g. 
regional population effects) because adequate data seldom exist for defining those effects. 
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While fatalities estimated during post-construction fatality studies may be used as the basis 
for requiring additional mitigation, mitigation measures would be evaluated through more 
detailed study if there was uncertainty about whether the measure would meet the objective 
of reducing risk of fatalities. NWCC (2007) has developed a mitigation toolbox that identifies 
potential measures for mitigation at wind projects. 

 
Field and Analysis Methods for Estimating Fatality Rates 
 
More detailed descriptions of fatality search protocols can be found in Kunz et al. (2007a), 
Smallwood (2007) and Huso (2010). Individual states also may have descriptions of fatality 
search protocols (e.g., California Energy Commission [CEC] and California Department of Fish 
and Game [CDFG] 2007) and Pennsylvania (Pennsylvania Game Commision [PGC] 2007). 
Protocols should be standardized to the greatest extent possible, especially for common 
objectives and species of interest. However, some situations may warrant exceptions to 
standardized protocols. The following are general guidelines for standardization. 
 
Fatality Metrics 
Numerous metrics have been used for expressing fatality rates (Smallwood 2007). The more 
common metrics that have been used include fatalities/turbine/year, fatalities/MW/year, and 
fatalities/rotor swept area/year. The conventional use of the term MW in this metric refers to the 
nameplate capacity of the turbine, i.e., the amount of power a turbine would produce if it ran at 
full capacity. Rotor swept area refers to the surface area of the space occupied by a moving 
rotor. Comparisons of these metrics among sites or turbine types can be drastically different 
depending on the metric used. Table 4.1 and Figure 4.1 provide an illustration of the different 
metrics for five different hypothetical projects, each with approximately 100 MW of nameplate 
capacity (99-100.5 MW) and each using a different turbine type currently in use at wind facilities, 
and a rotor swept area standardized to 5,000 m2. This illustration places all five projects in the 
same wind resource area and assumes the bird populations and abundance are the same 
among the different projects. Also, the bird utilization rates and other risk factors (topography 
etc.) in this illustration are not different among the sites.  
 
The example developments are: 
 

• 1000 KVS 100-kW wind turbines with 18-m rotor diameters.  

• 152 V47 600 kW turbines with 47-m rotor diameters.  

• 67 GE 1.5 MW turbines with 72-m rotor diameters.  

• 50 V80 2 MW turbines with 80-m rotor diameters.  

• 33 V90 3.0 MW turbines with 90-m rotor diameters. 

 
The fatality rates in this example are for illustration purposes only. We assumed that smaller 
turbines kill more birds on a per MW basis than larger turbines, based on physical collision 
models (e.g., Tucker 1996) and empirical data from the APWRA (WEST 2008, Insignia 2009). 
The 100-kW turbines have the lowest per turbine fatality rate (0.5), but have the highest per MW 
basis and would result in higher overall mortality for the 100 MW project.  Comparison of the per 
turbine fatality rates suggest the largest turbine (V90 3.0 MW) kills the most birds on a per 
turbine basis, but for an equivalent 100 MW facility, kills the least number of birds (100). 
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Table 4.1.  Illustration of calculations of different fatality metrics for different sites/turbine 
types. 

Turbine 
Type 

MW/ 
Turbine 

# 
Turbines 

Rotor 
Diameter 

(m) 

Rotor 
Swept 
Area/ 

Turbine 

Total 
RSA 100 

MW 
Project 

Fatalities/ 
Turbine 

Fatalities/ 
5,000 m2 

RSA 
Fatalities/ 

MW 

Total 
Fatalities 
per 100 

MW 
KVS 0.1 1,000 18 254 254,469 0.5 9.84 5 500 
V47 0.66 152 47 1735 262,870 2 5.76 3.03 303 
GE 1.5 1.5 67 72 4072 271,434 2.5 3.07 1.67 167 
V80 2 50 80 5027 251,327 2.5 2.49 1.25 125 
V90 3 33 90 6362 212,058 3 2.36 1 100 
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Figure 4.1. Fatality metrics from the hypothetical data (Table 4.1). 
 
 
There are some fundamental differences among turbine brands, even when their nameplate 
capacity is the same (B. Thresher, NREL, pers. comm.). The previous example illustrates the 
difficulty of using fatalities per turbine as a metric. Nevertheless, there are limitations with the 
other two metrics, MW and RSA. Because the MW used in the fatalities per MW metric is the 
nameplate capacity of the turbine, the use of this metric can be misleading when comparing 
fatalities among facilities with different wind characteristics. These differences are frequently 
referred to as a site’s capacity factor, i.e., the actual amount of power produced over time 
divided by the name plate capacity. The rotor swept area can be standardized among sites, as 
was done in the above example. However, variation in wind characteristics among sites will 
result in turbines turning more or less often, presumably with less risk of fatalities occurring at 
sites with a lower capacity factor. Consequently, there is a need for an alternative metric that 
can be used to compare modern turbines, one that is easily standardized among wind facilities 
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and turbine types. This alternative metric should also incorporate differences in blade size and 
operation time. The rotor swept hour metric proposed by Anderson et al. (1999) would meet 
these requirements. Rotor swept area is converted to an index that incorporates operation time 
as follows: 
 
 rotor swept hour = rotor swept area * operation hours 
 
An index of risk is then calculated by using a measure of risk (e.g., avian or bat use within the 
rotor swept area): 
 
 rotor swept hour risk = risk measure/rotor swept hour 
 
While the rotor swept area of different turbines is easily obtained, the use of this alternative 
metric depends on the availability of the number of hours turbines operate during study periods. 
We recommend reporting fatalities per name plate capacity of the turbines being studied (i.e., 
fatalities/MW) until turbine operational data becomes more universally available. We 
recommend that the wind industry provide operating time information for projects to allow such 
calculations. 
 
Estimators of Fatality 
Fatality estimates generally are based on a sample of carcasses detected in plots around wind 
turbines. However, this alone is an underestimate of actual mortality, since not all casualties are 
recorded. Fatalities may land outside the searched area   or injured animals may move outside 
the search area before dying and in either case are not available to be found (area bias). 
Observers may miss carcasses that are in the searched area (detection bias) and casualties 
that occur between searches may be removed by scavengers prior to the next search (removal 
bias). The probability of detection can vary by habitat, season, size of specimen, and type of 
specimen (bird vs. bat). Searcher efficiency may be close to 1 for large birds, such as most 
raptors and waterfowl; it is often significantly less than 1 for small specimens, such as bats and 
songbirds. The search interval, or time between searches, coupled with these other factors, 
affects the uncertainty in the fatality estimates.  
 
The biases associated with carcasses being removed by scavengers and searchers’ inability to 
find all carcasses available for detection has long been recognized. Colvin et al (1988) noted 
that above-ground carcasses are difficult to locate because of their cryptic coloration and 
removal by predators. Linz et al. (1991) proposed an approach to correct for these biases by 
using planted carcasses, trained searchers, and specific search protocols. Morrison (2002) 
recommended that these biases be estimated and used to correct raw carcass counts during 
fatality studies associated with wind energy development. Huso (2010) noted that carcasses 
could be used as an index to fatalities “if there were a direct (linear) relationship between the 
number of observed carcasses and the number of animals that were killed.” However, Huso 
(2010) also noted that “the relationship is not direct, and counts recorded using different search 
intervals, in areas with different carcass removal rates and searcher efficiency rates, are not 
directly comparable.”  
 
Numerous approaches have been used to estimate mortality at wind projects (e.g., Orloff and 
Flannery 1992; Erickson et al. 2000b, 2004; Johnson et al. 2003; Kerns and Kerlinger 2004; 
Fiedler et al. 2007; Kronner et al. 2007; Smallwood 2007; Huso 2009). All of these estimators 
attempt to incorporate adjustments for scavenging and searcher efficiency into the estimates. 
Nevertheless, estimators can be biased by the search interval relative to length of time a 
carcass remains within a search plot (i.e., carcass removal time).  
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Example Estimators 
We provide the following examples to illustrate commonly used formulas for mortality 
estimates. We do not include an estimator applied to earlier fatality studies that has recently 
been termed the “naïve” estimator (Huso2010). It was originally used in studies with long 
search intervals (Erickson et al. 2001) where bias was relatively small, but has been 
inappropriately applied in more recent studies (e.g., Fiedler et al. 2007). We provide two 
cases in the examples, with only average carcass removal rates differing between the two 
cases. Two differences between these estimators are how both carcass persistence and 
searcher efficiency are modeled and incorporated into the estimators.  
 
The Huso (2010) and Jain (Jain et al. 2009) estimators are based on the assumption that the 
estimate of p reflects the long-range or total probability of observing a carcass during any 
search. Because p is often estimated in single day trials, the simple estimate of probability of 
detection after a single search is used in the Huso and the Jain estimator.  
 
The Huso and Jain estimators have been derived based on the assumption that a carcass 
that is missed by searchers once, do not have a chance of being picked up again. The 
Shoenfeld estimator is generally based on the assumption that the observers have the ability 
to find carcasses in subsequent search attempts, if they are missed during the first search, 
but that the search detection rate doesn’t change over time.  
 
Example 1: Longer average carcass removal time. 
 
Assume 
 Total length of study = 365 days 
  = total number of carcasses per turbine for the sampling period 
   = average carcass removal time = true average whenever there are no censored 

observations (no data removed from the analysis) = 10.4 days   
I = average search interval = 7 days 

 Pdet = probability of observer detection given that the carcass remains = 0.5 
 A = proportion of area searched for each turbine = 1 
 
Resulting values 
  probability of carcass availability and detection 
 M = adjusted fatality estimate 
 effective interval, used in Huso’s method 
 effective proportion of the interval sampled, used in Huso’s method 
  estimated probability of carcass availability, used in Huso’s method 
 
Shoenfeld’s Estimator (Shoenfeld 2004): 
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For our example: 

 

 
 

 
 
Huso’s Estimator (Huso 2010): 

 
 

 

 
 

 
 

 
For our example: 

 

 
 

 
 

 
 

 
 

 
 
Orloff and Flannery (1992) and Jain’s Estimator (Jain et al. 2009): 
 
Sc = the proportion not scavenged = 0.45 after 7 days estimated from a carcass removal 

experiment 
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Example 2: Shorter average carcass removal time. 
 
Assume 
 Total length of study = 365 days 

  = total number of carcasses per turbine for the sampling period 

   = average carcass removal time = true average whenever there are no censored 
observations (no data removed from the analysis) = 4 days  
I = average search interval = 7 days 

 Pdet = probability of observer detection given that the carcass remains = 0.5 
 A = proportion of area searched for each turbine = 1 
 
Resulting values 

  probability of carcass availability and detection 
 M = adjusted fatality estimate 

 effective interval, used in Huso’s method 

effective proportion of the interval sampled, used in Huso’s method 

  estimated probability of carcass availability, used in Huso’s method 
 

 
Shoenfeld’s Estimator: 
 

 
 

 
 
For our example: 
 

 
 

 
 

Huso’s Estimator: 
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Selection of Estimator 
The estimators in all these examples have assumed that the probability of detection of 0.5 is for 
one search. In an actual study multiple searches of a plot would occur. The Shoenfeld estimator 
(Shoenfeld 2004) generally assumes that search efficiency is constant over time, and that a 
carcass that is missed on one search has the same probability of detection for subsequent 
searches. This assumption of constant search efficiency may result in biased estimates if the 
actual searcher efficiency varies over time (e.g., decreases over time, increases then decreases 
over time). The searcher detection rate used in the example of the Huso estimator (Huso 2010) 
is for a one-time search, and under this assumption a carcass missed on the first search has no 
possibility of detection on subsequent searches. However, many of the carcasses could be 
available for a second search or more in the example, because the mean removal time is 
greater than the search interval. Limiting the possibility of detection to one search would 
overestimate y. An adjustment can be made in the Huso design to address this shortcoming. 
Instead of using p from a single search, carcasses could be left in the field over multiple 
searches to determine searcher efficiency over these multiple searches. If this design is used, 
the Huso estimator (Huso 2010) would be recommended. Nevertheless, this design requires 

 
 

 
 

 
For our example: 
 

 
 

 
 

 
 

 
 

 
 
Orloff and Flannery and Jain’s Estimator: 
 
Sc = the proportion not scavenged = 0.14 after 7 days in our example 
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more effort for the searcher efficiency trials than using p from a single search or assuming 
constant searcher efficiency as with the Shoenfeld estimator (Shoenfeld 2004). When searcher 
efficiency is very low (e.g. 10%) or very high (e.g. 90%) and carcass removal is very low or very 
high compared to search interval, the estimators can provide very different results. In the case 
of very low detection and high carcass removal relative to search interval, the Huso estimator 
appears to be the most accurate (least biased); however, the estimates produced by any of the 
estimators will be extremely imprecise and not very useful in the case of low detection. In the 
case of high searcher efficiency and low carcass removal relative to the search interval, the 
estimators may differ greatly due to the dependence on assumptions regarding searcher 
efficiency over time. More research into the robustness and properties of these estimators for 
use in fatality studies is needed.  
 
Fatality studies should be designed so that the average carcass removal time is longer than the 
average search interval, in which case either the Shoenfeld or Huso estimators may be used. 
However, when that is not possible, different estimators should be used depending on whether 
the average carcass removal time is longer or shorter than the average search interval. When 
removal time is less than the search interval, we recommend that the Shoenfeld (2004) or Huso 
estimator (Huso 2010) be used. When the removal time is greater than the search interval, the 
Shoenfeld estimator may underestimate and the Huso estimator may overestimate fatalities 
depending on the assumptions related to searcher efficiency over time. The Huso estimator may 
have less bias if it is modified so that searcher detection rate is for multiple searches as 
discussed above. Given that there is no perfect estimator, we recommend that fatalities be 
calculated using more than one estimator and if the fatality estimates are very different, then 
investigate the reasons for the difference. 
 
There are other potential biases that have not been discussed and that may influence fatality 
estimates, such as background mortality (e.g., Johnson et al. 2000a), type of carcass used and 
methods for conduct of searcher efficiency and carcass removal trials (Smallwood 2007, 
Erickson 2007), and plot size (Kerns et al. 2005). These biases can be either negative or 
positive depending on the circumstance. For example, background mortality at the Buffalo 
Ridge facility in Minnesota was estimated to be approximately one third the total mortality 
estimated within the wind facility (Johnson et al. 2000a). Waterfowl and rock doves (Columba 
livia) are often used to represent large and medium raptors. At the APWRA in California, 
waterfowl scavenging rates were much higher than for large raptors (Altamont Pass Monitoring 
Team 2008). Alternatively, once frozen but thawed bat carcasses had a lower scavenging rate 
than fresh bat carcasses (Kerns et al. 2005).  
 
Duration and Frequency of Monitoring 
Duration and frequency of fatality searches will vary depending on a number of factors, most 
notably the species of interest, seasons of interest, and carcass removal rates. Search interval 
is the interval between searches of individual turbines, and these intervals have varied from 1-
90 days. As long as standard search methods (we suggest line transect sampling) are 
employed and sampling biases (search efficiency and scavenger removal) are adequately 
accounted for, results from studies with 1-30 day search intervals should be reasonably 
comparable when grouped into low, moderate or high categories. However, some estimators 
that have been used have been severely biased, depending on the values of searcher efficiency 
and scavenging, rendering findings incomparable. If the primary objective of fatality searches is 
raptor fatalities, carcass removal rates are low and searcher efficiency is high, then longer 
intervals between searches are acceptable. Longer search intervals (e.g., 30 days) have 
generally been used in the APWRA, where raptor mortality has been the focus (Smallwood and 
Thelander 2008, Altamont Pass Monitoring Team 2008). These intervals have lead to 
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reasonably precise estimates for large raptors like golden eagles and red-tailed hawks. 
Estimates for burrowing owls and American kestrels are relatively imprecise, however, for a 
variety of reasons, including the higher carcass removal rates for these small raptors, lower 
searcher efficiency estimates compared to larger raptors, and in the case of burrowing owls, 
some more uncertainty as to the cause of death for some fatalities (ICF Jones & Stokes 2009). 
In a detailed study of burrowing owl and American kestrel mortality, very few fatality detections 
were intact carcasses with evidence suggesting wind turbines caused the death. One of the 
possible explanations was that some of the carcasses detected were due to predation rather 
than turbine collision, and therefore intact carcasses never were available for detection.  
  
We recommend a search interval of 7 days in most cases to answer post-construction fatality 
questions, and protocols should be designed such that some turbines are sampled most days 
each week of the study. Notwithstanding, larger or smaller search intervals may be justified. If, 
for example, the primary objective is fatalities of large raptors and carcass removal is low, then 
a longer interval between searches (e.g., 14-28 days) may be sufficient. However, if the focus is 
fatalities of bats and small birds and carcass removal is high, then a search interval of < 7 days 
will be necessary. For example, if the mean removal rate established by carcass removal trials 
is 2 days, then the search interval should be no more than 4 days. If, however, bats and small 
bird mortality is the primary objective, in areas where carcass removal is high and/or searcher 
efficiency is low (e.g., <25%), then shorter search intervals are necessary to achieve reasonably 
precise estimates. 
 
Illustration 
The effort necessary to search a turbine for carcasses depends on numerous factors, including 
size of the plot, spacing of transects, vegetative cover, slope, walking speed, level of mortality 
etc. While each project will vary, we illustrate this effort in the following example (Table 4.2). We 
assume square plots 80, 160, and 240 m on a side (minimum of 40, 80 and 120 m from turbine). 
The 80x80 m plot is 1.56 acres, the 160 x 160 m plot is 6.3 acres, and the 240x240 m plot is 
14.2 acres in size. If we assume transects are approximately 6 m apart, and technicians work at 
approximately 35 m/minute, it would take approximately 0.59 hr, 2.12 hr and 4.65 hr to search 
the three different sized plots.  Additional field time not considered in these estimates includes 
travel time to the site, travel time between sites, coordination, and conduct of experimental 
trials.  Given the above factors in our example, conducting daily searches at a 10-turbine site 
with the moderate size plots would take a crew of 3-5 people.  
 
 

Table 4.2. Illustration of estimated search time 
required for different sized plots. 

Plot Size Hectares Acres 
Time to 
Search 

80x80m 0.64 1.58 0.59 
160x160m 2.56 6.33 2.12 
240x240m 5.76 14.23 4.65 

 
 
Number of Turbines to Monitor 
The number of turbines to sample depends on the objectives of the studies, the spatial variation 
in fatality rates among turbines, and other characteristics of the site. As a general rule we 
recommend that approximately 30% of the turbines in the project area should be selected 
randomly or via a systematic random sample for searching. If the project contains less than 30 
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turbines, we recommend searching at least 10 turbines in the project area, unless otherwise 
agreed to by the regulating agencies. 
 
Plot Size 
Evidence suggests that >80% of bat fatalities fall within ½ the maximum distance of turbine 
height to ground (Erickson et al. 2003a, 2003b), and a minimum plot radius of 50 m from the 
turbine should be established at sample turbines if the focus is estimating bat fatality rates. 
However, larger plots are necessary for birds, which tend to be found farther from turbines (e.g., 
Johnson et al. 2003; Kerlinger et al. 2006; TRC Environmental Corporation 2008; Stantec 
Consulting Inc. [Stantec] 2009; Young et al. 2007, 2009). Figure 4.2 shows data for birds and 
bats at the Nine Canyon Wind facility in eastern Washington. Approximately 95% of the bat 
fatalities were observed within search plots (Erickson et al. 2003b).  
 
Figure 4.3 illustrates the distribution of bird carcasses determined during fatality studies at the 
Stateline Wind Energy Project (Erickson et al. 2003a). We recommend that search plots for 
birds have approximately the radius of the maximum distance from the ground to the highest 
point on the rotor swept area (~ 90-120 m). 
 
Searchable areas vary and often do not allow surveys to consistently extend to the maximum 
plot radius, especially in forested environments. In this case, the searchable area of each 
turbine can be delineated and mapped to adjust fatality estimates based on the actual area 
searched. We recommend that when making these adjustments visibility classes should be 
established in each plot to account for differential detectability; no fewer than two (e.g., easy 
visibility class plus at least one other to describe visibility off concrete pads and roads) and no 
more than four visibility classes should be used (e.g., PGC 2007). The following visibility 
classes, modified from PGC (2007), represent reasonable visibility classes that could be used at 
any project: 

 
Class 1 (easy): Bare ground 90% or greater; all ground cover sparse and 6 inches or less in 

height (i.e., gravel pad or dirt road).  

Class 2 (moderate): Bare ground 25% or greater; all ground cover 6 inches or less in height 
and mostly sparse.  

Class 3 (difficult): Bare ground 25% or less; 25% or less of ground cover over 12 inches in 
height.  

Class 4 (very difficult): Little or no bare ground; more than 25% of ground cover over 12 
inches in height. 

 
GPS units are useful for accurately mapping the total area searched and area searched in each 
habitat visibility class. Transect width for transects used in searches will vary depending on the 
habitat and species of interest; the key is to determine actual searched area and area searched 
in each visibility class regardless of transect width (Kerns et al. 2005). 
 
Different approaches have been used to orient plots and transects. Figure 4.4 illustrates 
orientation of transects in a north-south and circular manner 10 m apart. In the Nine Canyon 
study (Erickson et al. 2003b), for example, the plots were oriented such that the largest distance 
searched away from turbines was in the northeast direction, which in that case was the direction 
of the prevailing winds.  
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Figure 4.2. Illustration of the distribution of fatalities as a function of distance from turbines for birds and bats at the 

Nine Canyon wind energy facility (Erickson et al. 2003b).  
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Figure 4.3. Illustration of the differences in density of bird fatalities as a function of 

distance from turbines at the Stateline Wind Project. This illustrates higher 
density of bird fatalities within the first 40 m (Erickson et al. 2004). 

 
 
General Search Protocol Guide 
The following section describes a general protocol for conducting fatality searches at wind 
energy facilities. 
 
Trained searchers should look for bird and bat carcasses along transects within each plot and 
record and collect all carcasses located in the searchable areas. Data to be recorded for each 
search should include date, start time, end time, observer, and weather. When a dead bat or 
bird is found, the searcher should place a flag near the carcass and continue the search. After 
searching the entire plot, the searcher returns to each carcass and records information on a 
fatality data sheet, including date, species, sex, age (when possible), observer name, turbine 
number, perpendicular distance from the transect line to the carcass, distance from turbine, 
azimuth from turbine, habitat surrounding carcass, condition of carcass (entire, partial, 
scavenged), and estimated time of death (e.g., <1 day, 2 days).  
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Figure 4.4. Square plot and circular plots.  

 
 
Determining time of death is subjective and will likely vary with the type of organism (bat, small 
bird, large bird) and the prevailing climate at the study site. A standardized protocol for 
determining time of death should be developed for each area and included in the overall study 
protocol. For example, sample carcasses can be placed in the field in a manner that prevents 
scavenging (e.g., covered by wire cage) to train observers on deterioration with carcass age. 
However, accurate assessment of the time of death (e.g., to the nearest day) is difficult, 
especially if carcasses have been scavenged but not removed. The appropriate state and 
federal permits should be in hand before carcasses are collected. Rubber gloves should be 
used to handle all carcasses to reduce possible human scent bias for carcasses later used in 
scavenger removal trials. Carcasses should be placed in a plastic bag and labeled. Fresh 
carcasses, those determined to have been killed the night immediately before a search, should 
be uniquely marked and left at their location and/or redistributed at random points to achieve 
needed sample size by (for example) visibility class.  
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Field Bias Assessment 
The number of fatalities picked up by observers and caused by wind turbines is a minimum 
estimate of the actual number of fatalities killed by the wind facility (Huso 2010). Searchers miss 
carcasses during searches and scavengers may remove carcasses prior to searches being 
conducted (Morrison 2002). In addition to the carcass removal and searcher efficiency biases, 
dead or injured birds and bats may land or move outside search plots.  
 
Searcher Efficiency and Carcass Removal/Carcass Persistence 
Searcher efficiency and carcass removal/carcass persistence interact to influence the fatality 
estimates and, unlike search interval, are difficult to control. Consequently it is difficult to 
establish the minimum searcher efficiency necessary to produce useful fatality estimates.  
 
Both searcher efficiency and carcass removal/carcass persistence parameters can be estimated 
using carcasses placed in the area by investigators. For estimating carcass removal/carcass 
persistence parameters (e.g., mean removal time or proportion of carcasses removed one day 
after placement), carcasses are placed in known, randomly located sites within the study area. 
The location where the carcass was placed is then revisited daily or at some other interval 
established by the study protocol (e.g. every other day), and the presence or absence of the 
carcass is noted. An average persistence time is calculated and from this, the proportion of 
carcasses remaining at the site over time is determined.  For estimating searcher efficiency, an 
individual not involved in searches places uniquely but cryptically marked carcasses in known 
locations at sites being searched for the monitoring program. Subsequently, individuals 
searching for actual carcasses as part of the monitoring effort and who are completely unaware 
of the carcass locations note when they locate a placed carcass. The average proportion of 
carcasses found by observers is then determined. Once located by searchers, the same 
carcasses may be used for estimating scavenging rate and searcher efficiency.  
 
We recommend that estimates for searcher efficiency and carcass removal/persistence be 
made separately for small birds, medium birds, large birds, and bats, because detectability and 
scavenging rates likely differ significantly among these groups. To reduce bias due to temporal 
changes in searcher efficiency and carcass removal/persistence, estimates of carcass removal 
and searcher efficiency should be replicated over the time for which mortality estimates are 
made.  
 
Confidence in estimates of searcher efficiency and carcass removal/persistence is a function of 
the variance in removal and detection rates among searches and is strongly influenced by the 
number of carcasses used in estimating these values. Estimates derived from low to moderate 
sample sizes may be highly biased, and thus introduce large errors into mortality estimates. We 
recommend bias estimation studies, when practical, using a minimum of 50 carcasses for each 
combination of time period, vegetation type and category of carcass for which a separate 
estimate of scavenging rate and searcher efficiency is needed.  
 
Low searcher efficiency can lead to highly uncertain estimates, particularly when carcass 
persistence is low. We recommend efforts be taken to increase searcher efficiency to >25% for 
small birds and bats, as uncertainty in fatality estimates will decrease as searcher efficiency 
improves. Searcher efficiency can and should be improved through selection of competent and 
careful personnel for search teams and training of search crews. Extremely difficult areas to 
search where detection is likely very low should be eliminated from consideration as they add a 
large amount of uncertainty in the estimates. Nevertheless, the lack of sampling in those areas 
needs to be considered when adjusting for sampled area.  
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Searcher efficiency also can be improved by modifying vegetation through use of herbicides, 
mowing, or fire to increase detectability of carcasses. For example, in cases where searcher 
efficiency is extremely low (e.g., complex vegetation) or virtually zero (thick standing crops), 
elimination of the site from the monitoring program or modification of the site to increase 
searcher efficiency may be necessary. However, by selecting locations based on habitat 
characteristics or by altering vegetation to increase searcher efficiency, potential biases can be 
introduced into the monitoring data if fatalities at turbines that are “easy to search” or that have 
been subject to vegetation modification differ from other sites. These potential effects should be 
considered before using such tools.  
 
All fatality studies should include an assessment of carcass removal and searcher efficiency 
rates during all seasons and under all conditions potentially influencing those rates. Searchers 
should never be aware which turbines are to be used or the number of carcasses placed 
beneath those turbines during searcher efficiency trials. Prior to a study’s inception, a list of 
random turbine numbers and random azimuths and distances (m) from turbines should be 
generated for placement of each specimen used in bias trials. Data recorded for each trial 
carcass prior to placement should include date of placement, species, turbine number, distance 
and direction from turbine, and potentially a measure of visibility detection class surrounding the 
carcass if visibility varies significantly among plots and/or seasons. Some researchers have 
suggested trial carcasses should be distributed as equally as possible among the different 
visibility classes throughout the study period. No studies have suggested a more optimal design; 
however, given that lower searcher detection rates lead to more uncertainty in estimates, higher 
sample sizes for searcher efficiency in low visibility classes is probably warranted. In addition, 
higher sample sizes for small carcasses (e.g., small birds and bats), which tend to have lower 
detection rates, are reasonable.  
 
Concerns have been expressed over the possible “over-seeding” of the study area so that 
scavengers are attracted increasing the rate of carcass removal from study plots (Smallwood 
2007). Given that multiple carcasses are seldom found at a single turbine (NRC 2007), studies 
should attempt to avoid “over-seeding” by placing no more than 2 carcasses at any one time at 
a given turbine. Before placement, each carcass must be uniquely marked in a manner that 
does not cause additional attraction. There is no agreed upon sample size for bias trials. Huso 
(2010) suggested 50 carcasses per individual parameter estimated (e.g., carcass removal 
rates). Most researchers agree that sample size of carcasses used for bias trials should be 
maximized to the greatest extent practicable. 
 
Other sampling methods that could be considered include line transect sampling where distance 
from transect line is used to estimate detection probability, double sampling, and ratio 
estimation.  With distance sampling, distance is measured from the transect lines to the 
fatalities, and used to estimate detection probability with the assumption that detection 
decreases with distance from the line, and that all objects on the line are detected with a 
probability of 1 (Buckland et al. 1993).  Objects are recorded on either side of the line according 
to some rule of inclusion. When a total count of objects is attempted within a fixed distance of 
the line, transect sampling is analogous to sampling on a fixed plot (Conroy et al. 1988). When 
an incomplete count is assumed, the probability of detecting an object at a perpendicular 
distance (the detection function) from the transect line is used in correcting for counted objects 
for visibility bias away from the line (Morrison et al. 2008). Detection functions can be made up 
of a mixture of more simple functions which depend on factors such as weather, observer 
training, vegetation type, etc., so long as all such functions satisfy the condition that probability 
of detection is 100% at the origin x = 0 (Burnham et al. 1980). For a more detailed description of 
strip and line transect please refer to (Appendix B) of this document.  
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Methods also are available for cases when detection probability is not 1 on the line, but can be 
estimated.  In crop land areas where a sample of plots are cleared, the ratio of fatalities found 
on the entire clear plot to those found on only pads and roads may be used to correct for a less 
intensive sample of searches only on roads and pads.  The effectiveness and applicability of 
these and other methods should be tested. 
 
Use of Dogs to Recover Fatalities at Wind Energy Facilities 
Wildlife biologists increasingly have used dogs in their investigations (Gutzwiller 1990, Shivik 
2002). The olfactory capabilities of dogs could greatly improve the efficiency of carcass 
searches, particularly in dense vegetation (Homan et al. 2001). Dogs generally have been used 
in research on waterfowl and upland game birds (Zwickel 1980, Gutzwiller 1990), but more 
recently to recover passerine fatalities during carcass searches (Homan et al. 2001).  
 
Arnett (2006) used Labrador retrievers to assess the ability of dog-handler teams to recover 
dead bats during fatality searches typically performed at wind energy facilities. He conducted 
this study at the Mountaineer and Meyersdale Wind Energy Centers in West Virginia and 
Pennsylvania, respectively. Arnett (2006) trained dogs using fundamental principles employed 
to teach basic obedience, “quartering” (i.e., systematically searching back and forth in a defined 
area; 10 m wide belt transects for this study), and blind retrieve handling skills (e.g., Dobbs et al. 
1993). He trained these dogs to locate dead bats for 7 days prior to initiating formal field testing 
by seeding a 10 m wide by 25 m long belt transect with bat carcasses representing different 
species and in varying stages of decay. When a test bat was found by a dog, it was rewarded 
with a food treat if it performed the task of locating a trial bat, sitting or at least stopping 
movement when given a whistle command to do so, and leaving the carcass undisturbed. The 
decision to begin formal testing of dogs is somewhat subjective, but should be based on the 
dogs’ quickening response to the scent of trial bats, their response to handler commands, and 
when they consistently find all trial bats. 
 
Arnett (2006) reported that dogs found 71% of bats used during searcher efficiency trials at 
Mountaineer and 81% of those at Meyersdale, compared to 42% and 14% for human searchers, 
respectively. Dogs and humans both found a high proportion of trial bats within 10 m of the 
turbine, usually on open ground (88 and 75%, respectively). During a 6-day fatality search trial 
at five turbines at Meyersdale, Arnett (2006) found the dog-handler teams discovered 45 bat 
carcasses, of which only 19 (42%) were found during the same period by humans. In both trials, 
humans found fewer carcasses as vegetation height and density increased while dog-handler 
teams search efficiency remained high. However, in another study (Kronner et al. 2008), the use 
of dogs in searching for carcasses did not improve searcher efficiency over humans and in fact 
was less for some of the comparisons. It was suggested that condition of carcass (old versus 
fresh, wet versus dry) may have influenced this difference. 
 
The use of dogs presents unique challenges that warrant further consideration. Gutzwiller 
(1990) noted that the use of dogs can alter established protocols and introduce unknown biases 
relative to traditional human searches. Additionally, Gutzwiller (1990) pointed out that 
inconsistent performance by different dogs may be attributable to different habitats, weather, 
and changing physical or physiological conditions for the dog, or any combination of these 
factors. It is also possible that variability in scent characteristics of bat species being sought and 
differences in the innate ability of individual dogs may also introduce a bias, but this has not 
been evaluated. While biases cannot be totally avoided during field research, careful study 
design and analyses are important for limiting bias (Gutzwiller 1990, Arnett 2006). 
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Search Area Corrections 
In many cases, plots are not completely sampled because vegetation, steep slopes or other 
factors result in areas that are too difficult or too dangerous to search. If entire plots are not 
searched, corrections for the unsampled area are required. Because the location of carcasses 
isn’t random with respect to turbines, methods other than corrections based on percent of 
unsampled area should be used. Some different methods have been employed to adjust for 
unsampled area. Kerns et al. (2005) plotted the density of carcasses in 10 m bands and 
obtained an overall adjustment to mortality based on the unadjusted estimates. In this particular 
example, Arnett et al. (2008) modeled the density of carcasses as a function of distance from 
turbines, but used only fatalities found in high visibility classes to minimize the confounding 
effect of searcher detection differences.  
 
GIS Methods for Bat Kill Analysis at Wind Turbines 
Introduction 
Geographic Information Systems (GIS) technology and methods can be used to more 
accurately estimate the amount of area surveyed in fatality studies. For example, field 
technicians could map the extent of several visibility classes in search plots. As described 
above, the mapped visibility classes divide the search plot into search subplots based on the 
relative difficulty of finding dead birds or bats (e.g., from “easy” to “very difficult”) on the ground 
during searches. GIS is used to help normalize the actual number of bats found in relation to the 
expected number of bats based on the area of the search classes at each turbine. Transect 
width will vary depending on the habitat and species of interest.  
 
The actual area surveyed within a plot will differ among turbines due to different designs (e.g. 
sizes of search plots, number of turbines searched, etc.), different patterns of vegetation at each 
turbine in which searching is extremely difficult, and/or occurrence of hazardous features 
preventing searching all together. The key is to determine actual searched area and area 
searched in each visibility class regardless of specific protocol being used in the search. The 
distribution of carcasses within visibility classes also is important. For example, the density of 
carcasses is known to diminish with increasing distance from the turbine (e.g., Kerns et al. 
2005); a simple adjustment to fatality based on proportion of plot area surveyed would likely 
lead to over estimates. This is because, in heavily vegetated landscapes, unsearched areas 
tend to be farthest from turbines, and these areas are relatively less affected by the turbine and 
associated infrastructure. Thus, estimates of fatality should be based on the estimated 
proportion of total fatalities that occurred in the searched areas, not the proportion of area 
searched.  
 
The estimated proportion of total fatalities represented by found carcasses can be obtained by 
modeling the relationship of carcass density to distance from a turbine by using only carcasses 
with an equal probability of being observed, i.e. those in areas in which searcher efficiency and 
carcass persistence are constant. The areas that usually provide the largest sample are the 
Easy visibility class areas. If it can be assumed that the relative density as a function of distance 
would be the same for all turbines, then carcass locations from all turbines can be combined. 
This assumption does not require the density of fatality to be the same at all turbines, only that 
the relative density or the relationship of density to distance should be the same. The relative 
density of carcasses can be calculated by creating a series of buffers at 2-m increments starting 
at the edge of the base of the turbine. The density of fatalities within the Easy visibility class at a 
certain distance from the turbine can be calculated by comparing the number of fatalities found 
within the Easy class with the area of the Easy class at each 2-m increment. A non-linear 
function relating fatality density to distance from a turbine (e.g. a segmented cubic 
polynomial/negative exponential whose value approaches 0 as distance becomes large) should 
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be fit, and from this function density for each square meter in the entire site can be calculated. 
This number is proportioned over the entire site and a “density-weighted” fraction of each plot 
that was actually searched is used as an area adjustment to per-turbine fatality estimates. 
 
 

SUMMARY 
 
Estimates of bird and bat fatalities are the most common post-construction studies conducted at 
wind energy facilities and have contributed a great deal to the understanding of the direct 
impacts of wind energy facilities. Unfortunately, many of the studies have been conducted using 
non-standard protocols and/or inappropriate estimators. Post construction estimates of fatalities 
should be designed in consideration of the species most likely to be killed and the land use and 
vegetation surrounding the facility. Estimation of fatalities will require a minimum of one year, 
and two or more years of post-construction monitoring when little is known about fatality rates in 
a particular landscape. Fatality studies should occur over all seasons of occupancy for the 
species of interest. All fatality studies should include estimates of carcass removal and carcass 
detection rates for all seasons and all conditions likely to influence those rates. Search plots 
should be large enough to reduce the likelihood that carcasses will fall outside of the area 
searched. We recommend at least a 50-m radius plot for bats and a plot with a radius 
approximately equal to the distance from the base of the turbine to maximum height of the rotor 
swept area for birds. Not all plots are completely searchable and fatality estimates should be 
adjusted to correct for the actual area searched. Metrics are very important when comparing 
fatality rates among turbines and facilities. However, there are a number of complicating factors 
when making fatality comparisons. First, not all turbines operating at wind facilities are identical. 
Secondly, the wind characteristics differ within and among facilities. Finally, avian and bat 
abundance varies within and among facilities. As a general rule, we recommend reporting 
fatalities per name plate capacity of the turbines being studied (i.e., fatalities/MW). However, if 
the amount of time a turbine rotates during the study period is known, a more accurate 
comparison among turbines and facilities would be fatalities per rotor swept hour. If all turbines 
are identical within a facility, then the metric of fatalities per turbine is adequate for comparisons 
among turbines within the facility. The selection of the proper mathematical estimator is vitally 
important. Ideally, studies should be designed so that the average carcass removal time is 
longer than the average search interval. However, when that is not possible, different estimators 
should be used depending on whether the average carcass removal time is longer or shorter 
than the average search interval. When removal time is less than the search interval, we 
recommend that the Shoenfeld (2004) or Huso estimator (Huso 2010) be used. When the 
removal time is greater than the search interval, the Shoenfeld estimator may underestimate 
and the Huso estimator may overestimate fatalities depending on the assumptions related to 
searcher efficiency over time. The Huso estimator may have less bias if it is modified so that 
searcher detection rate is for multiple searches as discussed above. Given that there is no 
perfect estimator, we recommend that fatalities be calculated using more than one estimator 
and if the fatality estimates are very different, then investigate the reasons for the difference. 
 
 

DECISION PROCESS 
 
Fatality rates should be assessed relative to any regulatory requirement and to pre-construction 
predictions for the site. If fatality rates are approximately as predicted and are acceptable under 
the applicable regulatory requirement, then the objectives for fatality studies are typically met 
and no further study is needed to address fatality questions. When fatalities are greater than 
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anticipated and exceed regulatory levels, the developer may choose from several options, such 
as conducting additional studies to determine if the initial fatality estimates are representative of 
what may occur at the facility, or implementation of additional mitigation measures, including 
potential risk reduction measures over and above what has already been undertaken prior to the 
project. In the latter case, more detailed studies usually will be necessary to evaluate the 
effectiveness of these additional measures. 
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INTRODUCTION 
 
Impact and risk assessment, risk reduction, and other mitigation evaluation studies typically are 
more complex, time consuming and expensive than routine fatality studies. They also are not 
necessary at many wind energy facilities. Because these post-construction studies will be highly 
variable and unique to the objectives and circumstances for the individual situation, it is 
impossible to provide specific information on all potential approaches to study. Consequently, 
the following material provides a general guide and case studies. Notwithstanding, all post-
construction studies should follow the fundamental principles contained in Appendix C. 
 
This chapter begins with a brief review of basic experimental designs, including the more classic 
manipulative and observational studies, and then evaluates designs that can be applied to the 
non-classic or “suboptimal” situations. Case studies are provided to illustrate how these designs 
have been used in the study of wind energy impacts on birds and bats. We also explore the 
manner in which individual animals and populations of animals respond to conditions of 
potential stress, including that caused by noise, visual disturbance, and other impacts, and 
provide suggestions for studying these impacts. Demographic and genetic responses at the 
population level are discussed, as are survivorship and projections on how populations might 
change in the future when confronted with changes to the environment. We provide an 
extensive discussion of ways to identify and monitor cumulative environmental impacts, and 
offer suggestions on risk reduction. We discuss the utility of models, including their uses, 
applications, and evaluation.  
 
 

PROBLEM FORMULATION 
 
Whereas impact and risk assessment, risk reduction, and other mitigation evaluation studies are 
finalized, and in some cases entirely performed, after a project is constructed, the need for 
these studies is often identified during pre-construction problem formulation. This is true 
particularly when there is uncertainty over the extent to which a project will affect wildlife or 
uncertainty over how to minimize or mitigate unavoidable impacts. Problem formulation at this 
point addresses four major areas of interest related to wind energy impacts on wildlife: 
 

• Impacts to habitat of species of interest, both direct and indirect 

• Evaluation of methods for reducing risk  

• Evaluation of the effectiveness of mitigation measures 

• Evaluation of population and cumulative impacts 

 
Given these areas of interest, habitat studies typically will occur only in situations where habitat 
impacts are of concern (e.g., habitat for prairie grouse, habitat for an endangered species) and 
there is uncertainty over how these impacts would be avoided, minimized, or compensated. 
Evaluation of risk reduction measures and the effectiveness of other mitigation measures may 
be required when fatality or other post-construction studies identify unexpected habitat or fatality 
impacts. Population impact studies will be necessary only on the rare occasion that fatality 
and/or habitat impacts suggest the potential for a reduction in the viability of an affected 
population. The final step in the problem formulation is the identification of the necessary site-
specific methods and protocols needed to address questions related to habitat impacts and risk 
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reduction and mitigation measures, which, beyond those related to fatality estimation, are the 
most important questions to be addressed. 
 
 

DESIGN CONSIDERATIONS FOR POST-CONSTRUCTION STUDIES 
 
An optimal approach to post-construction studies is, in essence, the classic manipulative study. 
If the goal of the study is to identify the type, timing, and location of an impact that will occur, 
and pre-treatment data can be gathered, one is in an optimal situation to design the study. In 
the context of impact assessment, one might be establishing control areas and gathering pre-
treatment data in anticipation of a likely catastrophic impact such as a fire or flood. Thus, the 
“when” aspect of the optimal design need not be known specifically, other than within a future 
for which one can plan (Green 1979).  
 
However, in the case of wind energy development, although we can seldom anticipate precisely 
where an impact will occur, studies have improved our ability to narrow the range of landscape 
conditions where fatalities tend to concentrate or where habitat impacts are significant. Because 
animals are not distributed uniformly, even within a single vegetation type, we should sample 
intensively over an area in anticipation of a wind facility (the impact) that might never occur; few 
budgets can allow such luxury. (The topic of distribution of plots described below under 
suboptimal designs applies in this situation.) As noted by Green (1979), an optimal design is 
thus an area-by-time factorial design in which evidence for an impact is a significant areas-by-
times interaction. Given that the prerequisites for an optimal design are met, the choice of a 
specific sampling design and statistical analyses should be based on one’s ability to: (1) test the 
null hypothesis that any change in the impacted area does not differ statistically or biologically 
from the control; and (2) relate to the impact any demonstrated change unique to the impacted 
area and to separate effects caused by naturally occurring variation unrelated to the impact 
(Green 1979:71). Structuring pre-construction studies within a hypotheses-testing framework 
will help identify appropriate metrics, focus effort, and permit comparisons with post-construction 
conditions or other WRAs.  
 
Often it is not possible to meet the criteria for development of an optimal design. Impacts often 
occur unexpectedly; for example, bird or bat fatalities may be unexpectedly high at an operating 
wind facility. In such cases, a series of suboptimal study designs are described. If the 
establishment of control areas is not possible, then the significance of the impact must be 
inferred from temporal changes alone (discussed below).  
 
Unfortunately, impacts from wind energy development are typical of most other impacts that 
tend to occur without any pre-planning by the permitting authority or land manager. This 
common situation means that impacts must be inferred from areas that differ in the degree of 
impact; study design for these situations is discussed below.  
 
In the sections below, we present case studies of the influence of wind developments on birds 
and bats that fall within the optimal to suboptimal study design framework.  
 
Habitat Effects 
 
A variety of habitat-related effects of wind-facility construction can be envisaged. Some are 
associated with construction in general, whether from the wind generator or other related 
infrastructure. Other effects may result from the disturbance associated with the mere presence 
and operation of any type of anthropogenic features. Still others are specific to wind generators. 
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Some effects are transient, others are long-term, lasting either for the duration of operation of 
the wind facility or longer.  
 
Construction Activities 
Construction of structures such as wind facilities involves the alteration of habitat. The physical 
facilities – wind generators, converter stations, substations, roads to and between facilities, 
transmission towers, watercourse crossings etc. – occupy land that previously supported habitat 
for certain species. These disruptions will last for at least the life of the wind facility. 
Notwithstanding, the actual footprint of wind energy facilities occupies a relatively small portion 
of the WRA, on average 5-10% according to the BLM Programmatic Environmental Impact 
Statement (EIS) on wind energy development on public lands (BLM 2005). 
 
Construction of roads and structures in many areas, such as native prairie, greatly increases the 
opportunity for invasion of undesirable species of plants. The access to formerly remote areas 
afforded by new roads may increase mortality of certain species, by legal hunting, illegal 
poaching, or collisions with vehicles. While the management treatment for these effects does 
not require study, the effects of these impacts may be uncertain and could be evaluated in a 
longitudinal study (Appendix C), in which changes over time in the abundance of affected 
species are compared between wind facilities and similar sites where construction did not occur. 
Another approach would be a gradient study (Appendix C), in which the abundance of the 
affected species is compared along a gradient from the disturbance site in areas with initially 
similar habitat. 
 
Other construction activities, such as heavy traffic and equipment storage areas, are transient. 
Operation and maintenance activities, however, will continue. These involve periodic but 
infrequent visits to wind generators for inspection and repairs. Adequate structures should be 
placed during construction and maintained as needed to minimize soil erosion, sedimentation of 
water sources, and other potentially negative impacts to the environment. 
 
Wind Generators 
Wind generators may have influences different from other structures due to their height, motion 
of the blades, and emitted noise. Responses to these features very likely are species-specific, 
so generalizations should be made with caution. 
 
The potential avoidance of tall structures, especially by certain grassland bird species, is a 
major concern of scientists. Another concern is fragmentation of habitat for some species. The 
concern is that a string of wind turbines may essentially fragment a large block of habitat. 
Certain bird species, for example, are area sensitive and generally do not use habitat patches 
below some minimum size. Suppose, for example, some grassland species require patches of 
at least 1,000 ha in size and refuse to pass through a string of wind turbines. A 2,000-ha habitat 
patch, if bisected by a string of wind generators, could be divided into two 900-ha patches 
(allowing 200 ha for the wind generators themselves); neither remaining patch would be of 
adequate size to support the species. Fragmentation effects on breeding birds could be 
estimated with some of the designs proposed for avoidance. 
 
In addition to the potential reduction in breeding success due to reduced suitability of 
fragmented habitat, animals in the remaining patches could possibly suffer from reduced gene 
flow and difficulties in dispersal. In situations where fragmentation is confirmed, studies to detect 
these consequences necessarily would be species-specific and detailed. 
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It has been hypothesized that frequent movement of blades may be more intimidating to some 
animals than would be the case for the same structure if it were stationary. For example, Leddy 
et al. (1999) reported higher densities of birds when generators were idle than when they were 
functioning. 
 
Visual Disturbance and Displacement 
Drewitt and Langston (2006) reviewed the impacts of on- and off-shore wind developments on 
birds. They stated that the displacement of birds from areas within and surrounding wind 
facilities due to visual intrusion and disturbance can amount effectively to habitat loss. 
Displacement can occur during both the construction and operational phases of wind facilities, 
and can be caused by the presence of the turbines themselves through visual, noise and 
vibration impacts, or as a result of vehicle and personnel movements related to site 
maintenance. The scale and degree of disturbance will vary according to site- and species-
specific factors and must be assessed on a site-by-site basis. They noted, however, that few 
studies of displacement due to disturbance are conclusive, often because of the magnitude of 
the effect, the precision of the study, and the lack of BACI assessments. For onshore studies, 
disturbance distances were defined as the distance from wind facilities to where birds are 
absent or less abundant than expected. Distances from 0-800 m have been recorded for 
wintering waterfowl, although much shorter distances (100-200 m) were found for other species. 
Onshore studies illustrating displacement were previously discussed in Sections 1.0 and 2.0 
above. As noted by Drewitt and Langston (2006), the consequences of displacement for 
breeding productivity and survival are crucial to whether displacement has a significant impact 
on population size.  
 
Drewitt and Langston (2006) also considered the potential effects of birds altering their 
migration flyways or local flight paths to avoid a wind facility, which would also be a form of 
displacement. This effect is of concern because of the possibility of increased energy 
expenditure when birds have to fly further and the potential disruption of linkages between 
distant feeding, roosting, molting and breeding areas otherwise unaffected by the wind facility. 
The effect of this type of displacement would depend on species, type of bird movement, flight 
height, distance to turbines, layout and operational status of turbines, time of day, and wind 
force and direction. Flight alterations could be highly variable, ranging from a slight change in 
flight direction, height or speed, to significant diversions that may reduce the numbers of birds 
using areas beyond the wind facility. The literature review by Drewitt and Langston (2006) 
indicated that none of the displacement identified so far have significant impacts on populations. 
However, there are circumstances where the displacement might lead indirectly to population 
level impacts; for example, if a wind facility effectively blocked a regularly used flight line 
between bird nesting and foraging areas, or if wind facilities interacted cumulatively to create an 
extensive barrier which lead to bird flight diversions of many tens of kilometers, then 
theoretically increased energy costs could occur for those birds. While these impacts are likely 
negligible at the current level of development, the effect of increased energy costs associated 
with wind energy facility avoidance will increasingly be a concern. 
 
The following case studies illustrate the study of behavioral response to wind energy 
development and the resulting potential loss of habitat due to displacement. 
 
Habitat Case Studies: Optimal Study Designs 
 
Radio Telemetry and the Study of Population Impacts 
Kansas State University, as part of the NWCC Grassland Shrub-steppe Species Collaborative 
(GS3C), is undertaking a multi-year research project to assess the effects of wind energy 
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facilities on populations of greater prairie-chickens (GPCH) in Kansas.  Initially the research was 
based on a Before/After Control/Impact (BACI) experimental design involving three replicated 
study sites in the Flint Hills and Smoky Hills of eastern Kansas.  Each study site consisted of an 
impact area where a wind energy facility was proposed to be developed and a nearby reference 
area with similar rangeland characteristics where no development was planned.  The research 
project is a coordinated field/laboratory effort, i.e., collecting telemetry and observational data 
from adult and juvenile GPCH in the field, and determining population genetic attributes of 
GPCH in the laboratory from blood samples of birds in the impact and reference areas.  
Detailed data on GPCH movements, demography, and population genetics were gathered from 
all three sites from 2007 to 2010.  By late 2008, only one of the proposed wind energy facilities 
was developed (the Meridian Way Wind Farm in the Smoky Hills of Cloud County), and on-
going research efforts are focused on that site.   The revised BACI study design now will 
produce two years of pre-construction data (2007 and 2008), and three years of post-
construction data (2009, 2010, and 2011) from a single wind energy facility site (impact area) 
and its reference area.  Several hypotheses were formulated for testing to determine if wind 
energy facilities impacted GPCH populations, including but not limited to addressing issues 
relating to :  lek attendance, avoidance of turbines and associated features, nest success and 
chick survival, habitat usage, adult mortality and survival, breeding behavior, and natal 
dispersal.  A myriad of additional biologically significant avenues are being pursued as a result 
of the rich data base that has been developed for GPCH during this research effort.  GPCH 
reproductive data will be collected through the summer of 2011 whereas collection of data from 
transmitter-equipped GPCH will extend through the lekking season of 2012 to allow estimates of 
survival of GPCH over the winter of 2011-2012.  At the conclusion of the study, the two years of 
pre-construction data and three years of post-construction data will be analyzed and submitted 
to peer-reviewed journals for publication.  
 
A similar study is underway in Wyoming to evaluate effects of wind energy development on 
greater sage-grouse (Johnson et al. 2010, Beck et al. 2011), and other studies are planned so 
that the estimation of impacts will be based on multiple study sites. Survival will be estimated 
from telemetry data by viewing relocation attempts as capture occasions, and applying the 
Cormack-Jolly-Seber capture-recapture model (Amstrup et al. 2005; Appendix C). Explanatory 
covariates (such as winter severity, gender, season) will be incorporated into the model, and the 
best-fitting model identified by AIC (Burnham and Anderson 2002). Breeding season, summer, 
and winter survival will be estimated. The investigators will estimate the 95% fixed-kernel (Wand 
and Jones 1995) home range for all radio-marked individuals and the marked population as a 
whole. Home-range estimates (both individual and population) will be plotted on maps and 
areas of high and low density will be identified for the breeding, summer and winter seasons. 
Resource Selection Functions (RSFs) (Appendix C) will be used to develop statistically rigorous 
habitat models to predict the distribution of sage-grouse across the landscape (Manly et al. 
1993). Similar RSFs developed with data collected following construction of the wind energy 
facility will allow the investigators to measure changes in habitat use (i.e., displacement) in 
response to presence of the facility. 
 
Vital rates (nest success, survival, and chick productivity) will be incorporated into matrix-based 
population growth models. These models will be used to estimate which vital rates are relatively 
important to population sustainability and to establish which vital rates are responsible for any 
differences in population growth measured after the facility is constructed and operated. This 
information is important for guiding management decisions if an effect is detected.  
 
These two grouse studies illustrate how telemetry can be used to evaluate the displacement 
effect of wind energy facilities, the subsequent habitat impacts, and the potential demographic 
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effects to grouse populations. While the strongest inference comes from true experiments 
(Appendix C), replication of individual observational studies is valuable in establishing cause 
and effect relationships that can be generalized to other situations. Johnson (2002) pointed out 
that similar conclusions obtained from studies of the same phenomenon conducted under 
widely differing conditions gives greater confidence in the in the generality of those findings than 
any single study.  
 
The Northern Prairie Design for Habitat Impacts 
At several sites in North and South Dakota, the USGS Northern Prairie Wildlife Research 
Center is investigating whether grassland birds exhibit an avoidance to wind turbines during the 
breeding season (Shaffer and Johnson 2008). Intensive transect surveys are conducted within 
gridded study plots that contain turbines, as well as at undeveloped reference areas. Depending 
on the study areas with turbines, distances of 700 m to 1000 m from turbines were sampled. By 
surveying an extensive area, rather than a single transect, the surveyed area around each 
turbine is maximized. Surveys are conducted: (1) at sites where turbines will be constructed 
(treatment sites) and the same sites after construction, which provide before-and-after-treatment 
comparisons; and (2) at similar (control) sites where turbines were not constructed, which 
provide comparisons between treated and untreated sites, i.e., a BACI design. Control areas 
are chosen to match as closely as possible the topography, habitat, and land use of treatment 
sites. All species seen or heard during the surveys are mapped (Figure 5.1).  
 
Populations of many species of birds fluctuate, often dramatically, from one year to another. For 
that reason, if an estimate of density is desired it is advisable to survey birds for several years, 
both before and after construction. However, because of the nature of the wind industry, it rarely 
has been feasible to collect data on breeding birds for more than one season before 
construction commences. Nevertheless, data can be gathered for several years following 
construction. Multiple years of data provide an estimate of the annual variation in post-
construction bird abundance . Multiple years of post-construction data may also be necessary if 
the effect of the wind development on a population is not be manifested for two or more years. 
Conversely, some birds may show an avoidance of wind turbines immediately after 
construction, but gradually become acclimated to them. In this circumstance, it may be 
reasonable to conduct surveys on a less-than-annual basis, for example, one, three, and five 
years after construction. 
 
In addition to estimating densities of each bird species at each site, the Northern Prairie design 
determines the distance between each recorded bird and the nearest wind turbines. That 
information permits the investigators to assess the distance, if any, at which birds avoid the 
turbines.  
 
Investigators conduct two or more censuses of birds on each site during the breeding season. A 
census grid is established surrounding each wind turbine. Grids extend until there is an obvious 
change in either composition of plant species (e.g., from native to tame grasses) or land 
treatment (e.g., grazed, cropland, hay land), or until the grid line reaches 800 m (0.5 mi) from 
the wind turbine. Grid lines are 200 m apart and marked off in 50-m intervals with fiberglass 
electric fence poles (Figure 5.1). Observers slowly walk a path that crosses the grid lines at a 
perpendicular orientation every 100 m and map locations of birds within 50 m on either side. 
Similar grids are established at control sites, but of course there are no wind turbines, and bird 
mapping is done the same as at treatment sites. The type of bird location data collected through 
conducting these surveys is shown in Figure 5.1.  
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Figure 5.1. Results of one bird survey at a wind-energy facility (Shaffer and Johnson, 

Northern Prairie Wildlife Research Center, Jamestown, North Dakota, unpublished 
data). Each symbol and color represents a different bird species. Yellow crosses 
represent locations of wind turbines. Black circles represent locations of 
fiberglass electric fence poles that act as grid markers. 

 
Because bird activity and detectability vary with a number of factors, censuses were conducted 
only between 15 May and 15 July, and from 0.5 h after sunrise to 1100 h. Censuses were 
further restricted to days of good visibility and good sound detectability.  
 
Each bird seen or heard within a census grid was counted and recorded by its American 
Ornithologists’ Union (AOU) code. Birds flying overhead were noted but counted as being within 
the transect only if they were flying low and presumably feeding or hunting. 
 
Vegetation Surveys. Because different bird species have certain habitat preferences, it was 
necessary to classify and map major vegetation types in the census plots. Four major habitat 
types sufficed for the Northern Prairie study sites: (1) xeric herbaceous vegetation, (2) mesic 
herbaceous vegetation, (3) woody (shrubby) vegetation, and (4) wetland. Mapping was 
conducted by on-site inspection. 
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For each habitat type within a study plot, vegetation structure was measured. Potential 
vegetation sampling points were the set of all points located at 50-m intervals along grid lines. 
For a study plot of, say, 100 ha, investigators measure vegetation structure at 25 of these 
points. The distribution of these points among habitat types was proportional to the square root 
of the area of each habitat type in the study plot. At each chosen sampling point, vegetation 
height, litter depth, and visual obstruction were recorded. 
 
Percent composition of six basic life forms – bare ground (bare ground, cow pie, rock), grass, 
forb, shrub, standing residual, and lying litter – is estimated using a step-point sampler 
(Owensby 1973). Maximum vegetation height and litter depth are measured with a meter stick, 
and a Robel pole is used to measure visual obstruction (Robel et al. 1970).  
 
Analysis. Analysis primarily involved the comparison of numbers of birds observed (by species) 
at various distances from a turbine to the number expected if birds were distributed randomly 
with respect to turbines. For each observation of a species, the distance from the bird’s location 
to the nearest wind turbine was calculated. For comparison, 10,000 points were generated 
randomly within each study plot. If a particular portion of the study plot was unsuitable for a 
species (e.g., prairie dog colonies for grasshopper sparrows), that portion was excluded when 
random points were chosen. The distance from each random point to the nearest wind turbine 
was computed. The distribution of those distances provided a basis for comparison with the 
distances of birds from wind turbines. If birds showed no avoidance of the turbines and were 
randomly located in the study area, their distribution should not differ substantially from the 
random distribution. Avoidance of (or attraction to) wind turbines would be reflected in 
consistent departures from the random distribution.  
 
Distance values were grouped into 50-m categories (i.e., 0-50 m, 50-100 m, etc.) and the 
number of bird observations in each distance category was calculated. Distances of random 
points were grouped similarly, and the numbers in each category were scaled so they totaled 
the same as the number of bird observations. These values represent the number of birds 
expected in a distance category under the assumption that birds are distributed randomly with 
respect to the wind turbines. Then, for each distance category, the difference between the 
number of bird observations and the scaled number of random points was taken, and these 
differences were graphed against the distance category. Graphs were made both for the pre-
construction data and the post-construction data, as well as for comparable data collected at 
control sites. The important information pertains to differences near wind turbines, that is, at 
smaller distance categories. 
 
Figure 5.2 shows the distribution of differences for a single pre-construction survey of an 
unspecified species. Note that there is no consistent pattern of departures at nearer distances. 
This would be expected, of course, because there were no wind turbines to avoid at that time. 
After construction, however, a pattern of avoidance was evident (Figure 5.3, representing three 
post-construction years), with fewer observations than expected in the first four distance 
categories, that is, out to 200 m.  
 
The authors compared observed versus expected distances to identify displacement effects. 
The study focused on four species at two study sites, one in South Dakota and one in North 
Dakota. Based on this analysis, killdeer (Charadrius vociferous), western meadowlark (Sturna 
neglecta), and chestnut-collared longspur (Calcarius ornatus) did not show any avoidance of 
wind turbines. However, grasshopper sparrow showed avoidance out to 200 m. 
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Figure 5.2. Differences between number of detected birds of a 

particular species and number expected under the assumption 
that birds were located randomly with respect to wind turbines, 
in relation to distance from nearest turbine; data are from a 
study site before wind turbines were constructed. 
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Figure 5.3. Differences between number of detected birds of a particular 

species and number expected under the assumption that birds 
were located randomly with respect to wind turbines, in relation 
to distance from nearest turbine; data are from a study site for 
the first three years after wind turbines were constructed. 
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Although it is possible to perform some statistics on a single data set, it is far more appropriate 
to look for consistent patterns at different study sites and in different years before drawing 
conclusions (Johnson 2002). For this reason, the Northern Prairie continues their research at 
these two sites while adding other study sites to their study. 
 
Similar to the telemetry case study, the Northern Prairie study attempts to quantify displacement 
of birds from wind energy facilities. Unlike the previous example, the empirical data collected in 
this study are the number of birds observed in the study area. Furthermore, observations were 
grouped by distance intervals from the nearest wind turbine. No effort was made to relate 
displacement to demographic characteristics of the local population of birds. 
 
Grassland Birds in the Pacific Northwest: Impact Gradient 
Erickson et al. (2004) conducted surveys of breeding grassland birds along 300-m transects 
perpendicular to strings of wind turbines. In this case the study conformed to a special case of 
BACI where areas at the distal end of each transect were considered controls (i.e., beyond the 
influence of the turbines). Surveys were conducted prior to construction and after commercial 
operation. The basic study design follows the Impact Gradient Design (Appendix C). The 
addition of pre-treatment results, to contrast with post-treatment data, represents a valuable 
enhancement over treatment and control designs such as used by Leddy et al. (1999), which is 
described below as an example of a suboptimal design. Erickson et al. (2004) found that 
grassland passerines as a group, as well as grasshopper sparrows and western meadowlarks, 
showed reduced use in the first 50-m segment nearest the turbine string. About half of the area 
within that segment, however, had disturbed vegetation. Horned larks and savannah sparrows 
(Passerculus sandwichensis) appeared unaffected. 
 
This case study is similar to the above case studies in that it is observational. Yet, as there is no 
attempt to census birds in the area, observations per survey are used as an index of 
abundance. Additionally, the impact-gradient study design resulted in slightly less effort than the 
BACI design with control areas. It should be noted that the impact gradient design is best used 
when the study area is relatively small and homogeneous. 
 
Buffalo Ridge Minnesota: BACI Design 
The Buffalo Ridge WRA in southwest Minnesota consisted of three major phases of 
development during a 4-year study from 1996 to 1999. Data also were collected on a reference 
area (RA) along Buffalo Ridge northwest of the WRA in Brookings County, South Dakota so that 
a BACI sampling design (Green 1979) could be used to assess displacement impacts to birds 
(Johnson et al. 2000a). To assess small-scale displacement, avian point counts were conducted 
at staked turbine locations prior to construction and at the same turbines following construction. 
To assess large-scale displacement impacts, point-count surveys also were conducted at 71 
points located from 100-300 m away from roads to ensure they were placed in areas 
representative of turbine locations. These points ranged from 105-5,364 m from the nearest 
turbine. Surveys were conducted at each point once every two weeks during the summer (15 
May-15 August). Surveys were conducted between 1/2 hour before sunrise and four hours after 
sunrise. At survey plots, all birds including flying birds detected by sight or sound were recorded 
within 100 m of the observer for a 5-minute period. For each observation the species, number, 
estimated distance from the observer, activity, and cover type were recorded. Adjustments for 
visibility bias (Buckland et al. 1993) were estimated by species when data were sufficient using 
the program DISTANCE (Laake et al. 1993).  
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Effect estimates were calculated for taxonomic groups and for 17 species of birds that breed 
primarily in grasslands. To assess small-scale effects of turbines, avian use estimates 
(#/survey) for reference (non-turbine) plots following turbine construction were divided by use 
estimates for the same reference plots prior to turbine construction. This reference post- to pre-
construction ratio was then divided into the corresponding post- to pre-construction ratio for the 
turbine plots. For example, if mean use by species A on all reference plots was 2.0/survey prior 
to and 3.0/survey following turbine construction, the reference ratio for the post- to pre-
construction periods was 3.0/2.0 = 1.5. If mean use by species A at turbine plots was 2.4/survey 
prior to and 2.0/survey after construction, then the post- to pre-construction ratio would be 
2.0/2.4 = 0.83. The effect estimate was then calculated as the ratio of the turbine ratio to the 
reference ratio (0.83/1.50 = 0.55). A 90% bootstrap confidence interval (Manly 1991) was 
obtained for the effect estimate, and significant changes relative to the reference sites were 
indicated when the confidence interval did not capture the value 1. An effect estimate <1 
indicated a negative effect (decrease in use) due to the turbines, whereas an effect estimate >1 
indicated a positive effect (increase in use).  
 
Post-construction avian use of turbine plots during the breeding season was lower than 
expected for raptors and passerines in 1998, the first year after construction and for raptors, 
upland game birds, and passerines in 1999, two years after construction. Groups of passerines 
that showed decreased use included sparrows, swallows, wrens and warblers. Horned larks 
showed higher than expected use, while no change in use was detected for the other 12 avian 
groups analyzed. There was also a negative wind power development effect on avian richness 
(defined as number of species/plot survey). For grassland breeding birds during the first year 
following construction, the BACI analysis indicated that use of turbine plots was lower than 
expected for common yellowthroat (Geothlypis trichas) and northern harrier. However, use was 
greater than expected for horned lark and vesper sparrow (Pooecetes gramineus). Two years 
following construction, use of turbine plots was lower than expected for bobolink (Dolichonyx 
oryzivorus), Wilson’s snipe (Gallinago delicata), common yellowthroat, grasshopper sparrow, 
ring-necked pheasant (Phasianus colchicus), savannah sparrow, and sedge wren (Cistothorus 
platensis), as well as for all grassland breeders combined. One species, dickcissel (Spiza 
americana), showed significantly higher than expected use.  
 
The only avian group with lower than expected use of non-turbine point count plots following 
turbine construction was waterfowl the first year following construction; use by all avian groups 
was similar to expected two years following construction. The northern harrier, the first year 
after construction, was the only grassland species with lower than expected abundance at non-
turbine plots during the breeding season. Two years following construction, use by northern 
harriers was similar to expected. No other significant effects were detected for any of the other 
16 species examined or for all grassland breeders combined.  
 
The Buffalo Ridge study answered the question of displacement by estimating use at survey 
points, rather than along transects. Nevertheless, the data are similar to those collected using 
the impact gradient design described above (Erickson et al. 2004) and allowed a quantification 
of the displacement effect of wind turbines at this site. 
 
Suboptimal Designs: Case Studies of Habitat Impacts 
 
In an early study of the effects of wind turbines on grassland birds, Leddy et al. (1999) 
established transects running parallel to a string of turbines at distances of 0 m (directly 
underneath turbine string), 40 m on each side of string, 80 m on each side of string, and 160 m 
on one side of string. They also established a transect in each of three control fields with similar 
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vegetation. All fields were enrolled in the United States Department of Agriculture (USDA) 
Conservation Reserve Program with vegetation consisting of grasses and alfalfa (Medicago 
sativa) that had been planted 7-8 years earlier. Observers surveyed birds along these transects 
weekly from 15 May to 1 July, from sunrise to 10:00 AM, and under suitable weather conditions. 
Counts were made of perched or singing males within 20 m of each transect, and counts from 
all surveys were averaged. Note that, because wind turbines in strings were 91-183 m apart, the 
distance from the string may not reflect distance from the nearest wind turbine. For example, 
points along the transect running underneath the turbines string could be as much as 91 m from 
the nearest turbine, equivalent to points along the 80-m-away transect that are perpendicular to 
the string. 
 
Leddy et al. (1999) reported 15 percent higher densities of birds (all species combined) when 
turbines were idle than when they were functioning, and higher densities of birds in the control 
fields than in the fields with wind turbines. Species composition varied somewhat between CRP 
fields with and without turbines, suggesting either: (1) the habitat varied between the two types 
of fields; or (2) species responded differently to the turbines. Subsequent research elsewhere 
has borne out the latter possibility (Shaffer and Johnson, unpublished information). Density of all 
species combined increased monotonically with distance from the string of wind turbines (Figure 
5.4). 
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Figure 5.4. Density (per 100 ha) of singing or perched male birds, all species combined, 

in relation to distance from a wind generator, in a site in southwestern Minnesota 
(from Leddy et al. 1999). Note that the point at 300 m actually reflects results 
from three control sites in which no wind generators were located. 
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The Leddy et al. (1999) study evaluated the same basic hypothesis evaluated by the Stateline 
(Erickson et al. 2004) and Buffalo Ridge (Johnson et al. 2000a) studies, albeit with a different 
study design. Like the previous Buffalo Ridge study this study design included control areas. 
However, the Leddy et al. (1999) study lacked replication of transects within the control fields, 
making true estimation of the variance in the estimate impossible. The primary difference 
between the Stateline study and this study is the orientation of transects in relation to the turbine 
strings. Either approach to sampling can be effective; although the Leddy et al. (1999) approach 
complicated the analysis of distance effects and lost the advantage of the impact-gradient 
design.  
 
 

INDIVIDUAL AND POPULATION ASSESSMENT 
 
In this section we review and discuss the factors that can potentially impact animals at the 
individual and population levels. Changes in an animal’s environment may affect it 
physiologically and cause changes in behavior. At the population level, if these changes are 
significant we can expect potential changes in demography, genetics, and survival, and 
ultimately changes in population trends through time. We also discuss in detail potential 
cumulative effects caused by a combination of factors influencing animals. Lastly, this section 
presents a guide to study designs for risk reduction.  
 
Analysis of Stress and Physiological Changes 
 
Because of the difficulty in relating post-impact differences to treatment effects in the absence of 
data from reference areas, injury indicators can be particularly useful in detecting impacts using 
Before-After Design. The correlation of exposure to toxic substances and a physiological 
response in wildlife has been documented well enough for some substances to allow the use of 
the physiological response as a biomarker for evidence of impact. Examples of biomarkers used 
in impact studies include the use of blood plasma dehydratase in the study of lead exposure, 
acetylcholinesterase levels in blood plasma in the study of organophosphates, and the effect of 
many organic compounds on the microsomal mixed-function oxidase system in the liver (Peterle 
1991).  
 
Models of genetic variation have a central role in the conservation of populations. Local 
populations or subpopulations may contain the genetic diversity that is necessary to ensure 
survival of the species within a region, or even throughout its range. However, we are 
particularly interested in how extremely small population size can result in inbreeding 
depression and a reduction in genetic variation, both of which can lead to extinction (Boyce 
1992). Boyce (1992) concluded that modeling genetics is not likely to be as important as 
modeling demographic and ecological processes in evaluating population persistence. He 
based this conclusion, in part, on the fact that we do not yet understand genetics sufficiently to 
use it as a basis for management. Thus, practical considerations were the overriding factor in 
his conclusion. However, genetics will be of priority in small, isolated populations, and could 
potentially have applicability in some studies of wind energy/wildlife interactions. For example, 
low genetic diversity has been correlated with inbreeding depression (reduced egg viability and 
smaller clutch sizes) in both greater prairie-chickens (Tympanuchus cupido) and Gunnison 
sage-grouse (Centrocercus minimus; Westemeier et al. 1998, Stiver et al. 2008). Conversely, 
high levels of genetic diversity in greater prairie-chickens have been found to enhance fitness by 
increasing breeding opportunities (Gregory 2011) and disease resistance (Eimes et al. 2011). 
While more research is needed on this topic, assessing baseline genetic diversity in small, 
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isolated grouse populations in and around proposed development might be useful in assessing 
the vulnerability of the population to disturbance, isolation, and population decline. 
 
In addition to assessing genetic diversity, genetic data potentially might be useful in assessing 
the effects of development to disruption of mating system, and life history strategy. For example, 
McNew (2010) found that greater prairie chickens responded to changes in the environment by 
increasing or decreasing reproductive effort which included intra-specific brood parasitism and 
an increase in polyandry (Gregory 2011). While more research is needed on this topic, 
assessing maternity and paternity of broods might provide an approach to assess behavioral 
changes to the lek breeding system as a result of environmental disturbance. 
 
Noise 
As reviewed by Katti and Warren (2004), few researchers have addressed the implications of 
anthropogenic noise for acoustic communication systems in animals. For example, Slabbekoorn 
and Peet (2003) showed that birds can respond to elevated background noise by altering their 
songs. They found that urban great tits (Parus major) at noisy locations in the Dutch city of 
Leiden sang with a higher minimum frequency than do those in quieter locations. They 
concluded that this apparent behavioral adaptation might help them to overcome the effects of 
the lower frequency background noise, characteristic of cities, which could mask the songs and 
make them more difficult to hear. The mechanisms underlying the reported frequency shifts in 
bird song are not yet understood. Recent studies have, however, found evidence for genetic 
differences between city and forest populations of songbirds, and it is possible that genetic 
differences might play a role in the differences between songs of urban and forest birds 
(Partecke et al. 2004, 2006).  
 
More specifically, Partecke et al. (2006) hand-raised urban and forest-living individuals of the 
great tit under identical conditions and tested their corticosterone stress response at an age of 
5, 8, and 11 months. The results suggest that the difference is genetically determined, although 
early developmental effects cannot be excluded. Either way, the results support the idea that 
urbanization creates a shift in coping styles by changing the stress physiology of animals. The 
reduced stress response could be ubiquitous and, presumably, necessary for all animals that 
thrive in ecosystems exposed to frequent anthropogenic disturbances, such as those in urban 
areas. 
 
Dooling (2002) addressed the potential that noise generated by wind turbines might caused 
birds to avoid turbines and concluded that it is possible, however, that as birds approach a wind 
turbine, especially under high wind conditions, they lose the ability to see the blade (because of 
motion smear) before they are close enough to hear the blade. This blade smearing was 
confirmed in laboratory experiments by Hodos (2003). Noise may very well play some role in 
displacement effects, although the effect of noise is hopelessly confounded with other factors 
such as moving blades, traffic, subtle changes in vegetation and topography, and human 
activity. Separating the effect of these individual factors potentially causing displacement will 
require controlled experiments. For example, the hypothesis that louder (to birds) blade noises 
result in fewer fatalities could be tested.  
 
Demography 
 
The five basic components of demography, along with population size, are mortality, 
reproduction, emigration, and immigration. 
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Mortality 
Although the numbers of birds and bats killed in collisions with wind generators can be large at 
some facilities (e.g., eagles at APWRA in California [Orloff and Flannery 1992, Hunt 2002] and 
bats at Mountaineer in West Virginia [Kerns and Kerlinger 2004, Arnett 2005]), determining the 
population-level effects of those mortalities is generally impossible, primarily because little is 
known about the demography of the affected populations or the populations are so large as to 
make population impacts from the level of fatality unlikely. Nevertheless, concern over potential 
population effects is elevated for very small populations or populations restricted to a small 
area. Hunt (2002) completed a 4-year radio-telemetry study of golden eagles around the 
APWRA to determine the demographic effect of the relatively high number of annual fatalities 
within the WRA. Reproductive and mortality data were collected from radio-tagged birds and 
these data were used to calculate lambda, the population rate of increase. Hunt’s estimation of 
lambda indicated that the local population is self-sustaining, although he postulated that 
fatalities resulting from wind power production were of concern because the population 
apparently depends on immigration of eagles from other subpopulations to fill vacant territories.  
 
Additional radio-telemetry studies similar to Hunt (2002) could be used to estimate mortality 
rates for local populations. Such a study is underway in Kansas, involving greater prairie-
chickens (see section on “Habitat Case Studies: Optimal Study Designs” in this chapter). A 
similar study is underway for mallards (Anas platyrhynchos) in North Dakota, where females will 
be fitted with transmitters, tracked during the breeding season, and any collisions with wind 
generators reported. 
 
Reproduction 
Telemetry studies, such as the ones mentioned above, could also be used to estimate 
reproduction rates and compare them between sites near wind generators and sites distant from 
generators. For example, while wind generators may not directly influence reproductive rates, it 
is theoretically possible that displaced nesting females may settle in less suitable habitat, 
making them more susceptible to predation. It is also theoretically possible that wind facilities 
may attract predators (e.g., raptors) by providing increased perching opportunities. Hunt (2002) 
hypothesized that increased ground squirrels and numerous perching opportunities in the 
APWRA attracted eagles and contributed to the relatively high eagle fatalities at those facilities. 
 
Emigration and Immigration 
Emigration or immigration rates could theoretically change in response to wind generators if 
birds or bats avoid them or are attracted to them, respectively. These topics, especially 
avoidance, are discussed in relation to fatality modeling and other baseline studies in Chapter 3. 
 
Isotopic and Genetic Analyses 
 
Isotope Analyses 
The use of stable isotopic markers in bird feathers has revealed promising new directions for 
tracking migratory birds and other wildlife (Hobson and Wassenaar 2001). A clear advantage of 
this approach is that it does not require marking birds on their breeding grounds or in locations 
where feathers are grown (Hobson and Wassenaar 2001), or the recapture of banded species 
to make confident conclusions. With stable isotopic markers, the isotopic signature of a tissue 
reflects the isotopic signature of the local environment where the tissue was grown (Royle and 
Rubenstein 2004). Isotopic base maps of growing season precipitation have been created for 
North America (Lange et al. 2007). A comparison between the isotope signature of the sample 
species and isotopic region map can then be made to determine a likely location of origin of the 
specimen. Feathers with isotopic signatures are developed when juveniles grow their first set of 
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feathers and when adults replace molted feathers (Hobson et al. 2007). The feathers will 
maintain the distinct signature provided by the food web in which they foraged, thereby making 
it possible to determine a bird’s geographic fingerprint of natal origin (Hobson 1999). 
 
Stable isotopic analysis is also applicable to mammals, such as bats. Bats have been inherently 
hard to track through banding; however, the use of stable isotopes to define the origins of 
migrating bats could simplify the process. Like bird feathers, mammalian hair is composed 
mainly of keratin, so feathers and hair may incorporate hydrogen in a similar manner during 
growth (Cryan et al. 2004). Bats typically molt into new pelage just once per year, so it is 
reasonable to assume that the stable hydrogen isotope ratio of bat hair will reflect isotopes of 
the locale where the hair was grown (Cryan et al. 2004). Studies have shown the capability to 
designate specific individuals as year-round residents at a sample site based on isotope 
signatures, while others produced signatures consistent with regions 2,000 km from the same 
sample site (Cryan et al. 2004). 
 
The use of stable isotopes has several applications for studying wind energy impacts on birds 
and bats. For example, isotopic analysis could be used to determine the number of resident 
versus migrant bird or bat fatalities found at a wind energy facility. Determining the level of 
impacts or population consequences often requires knowledge of whether resident or migrant 
populations are involved. As another example, many states maintain a list of state threatened 
and endangered species. Even though the State of Illinois classifies northern harriers as an 
endangered species due to loss of grassland breeding habitat in the state, this is one of the 
most common raptors observed during winter avian use surveys of WRAs in Illinois (WEST, 
Inc., unpublished data). If northern harrier fatalities occur once these facilities are constructed, 
isotope analyses could be used to determine if the individual was from the local, endangered 
breeding population or a migrant from a breeding population in another state or Canada.  
 
If mist-net surveys are conducted as part of a pre-construction study, feather (or hair) samples 
could be collected from captured individuals to determine if the project area was being used 
primarily by resident or migrant individuals. Also, if impacts to birds or bats are occurring, 
isotope analyses could be used to determine where the impacted populations breed, and 
mitigation efforts could be concentrated in those areas to increase breeding populations of the 
affected species. 
 
Bat Genetics 
Most of the bats found as wind turbine fatalities are comprised of three migratory tree bats, 
namely the hoary bat, eastern red bat, and silver-haired bat (Johnson 2005, Kunz et al. 2007b, 
Arnett et al. 2008). Because these species are primarily solitary tree dwellers that do not 
hibernate, it has not been possible to develop suitable methods to estimate their population 
sizes. As a result, impacts on these bat species caused by wind energy development cannot be 
placed in demographic perspective. 
 
To help solve this problem, population genetic analyses of DNA sequence and microsatellite 
data are being conducted to provide effective population size estimates, to determine if 
populations are growing or declining, and to see if these species in North America are 
comprised of single large populations or several discrete subpopulations that use spatially 
segregated migration routes (A.L. Russell, Assistant Professor, Grand Valley State University, 
Allendale, Michigan, pers. comm.). 
 
To date, initial analyses have been conducted only for eastern red bats using mitochondrial 
DNA. Based on these analyses, it appears that this species fits a model of a single, large (~ 3.3 
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million) population with a history of strong population growth (Vonhof and Russell [in press]). 
The data do not suggest there are multiple populations separated by distinct migratory corridors. 
Similar analyses are being planned for hoary and silver-haired bats once funding becomes 
available (A.L. Russell, pers. comm.) 
 
Because mitochondrial DNA is inherited only through the mother, changes in mitochondrial DNA 
track trends in female population sizes, but do not provide information on males. Also, change in 
mitochondrial DNA provides information only on long-term trends in population sizes, whereas 
data from more quickly evolving loci are required to detect any recent effects of wind turbine 
mortality on these populations.  
 
Analysis of autosomal DNA, from the 22 pairs of non-sex chromosomes found in the nucleus, 
will provide data for males similar to what mitochondrial DNA data provide for females. Variation 
at microsatellites is influenced by more recent changes in demographic parameters than 
variation in DNA sequence data. Current research is being proposed to analyze microsatellite 
data to determine if there are recent population declines resulting from wind turbine fatalities. In 
combination, these studies will provide estimates of current population sizes, changes in 
population sizes over time, and patterns of population subdivision and connectivity across the 
landscape that are not limited in terms of sex or time scale (A.L. Russell, pers. comm.). These 
estimates are critically important to assessing the long-term impact of wind turbines on 
migratory tree bat species in North America.  
 
Determining Cumulative Effects 
 
Cumulative effects are an important topic in the evaluation of environmental impacts. Neufeldt 
and Guralnik (1988) define cumulative as “increasing in effect, size, quantity, etc., by successive 
additions.” As is often the case, a relatively simple term takes on a very complicated meaning 
when applied to natural resources and their response to perturbations. To complicate matters, 
the term is defined differently by federal law such as the NEPA and its implementing 
regulations. Suter et al. (1993) classifies cumulative effects into the following categories: 
 

• Nibbling - the cumulative effects of a number of actions that have similar small 
incremental effects. For example, the additions of individual turbines to a wind facility, or 
the addition of new wind facilities to the range of a wide-ranging breeding population of a 
species.  

• Time-Crowded Perturbations - the cumulative effects that occur when actions are so 
close in time that the system has not recovered from the effects of one before the next 
one occurs. For example, if impacts from wind turbines are influenced by birds’ 
experience with the structures, one could anticipate some learned response to the 
turbines over time, possibly reducing risk. One could hypothesize that rapid development 
of a wind facility might have a greater impact on birds than phased development of the 
same facility. 

• Space-Crowded Perturbations - the cumulative effects that occur where actions are so 
close in space that the areas within which they can induce effects overlap. For example, 
bird risk may be influenced by turbine and turbine string spacing. 

• Indirect Effects - the cumulative effects that occur when the direct effects of actions are 
not space- or time-crowded, but the indirect effects are. For example, the change in land 
use resulting from a wind facility may not affect bird use or cause increased mortality, 
but may affect habitat quality, either positively or negatively.  
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Cumulative effects analysis involves the study of the interaction of wind facility structures, other 
land uses, and the ecology of wildlife. Effects of wind facilities on wildlife may be additive, 
increasing mortality and/or habitat loss beyond what might occur without the facility; or effects 
may be compensatory, simply replacing other sources of mortality. Effects of wind facilities may 
be synergistic; that is, a wind facility in combination with another land use may result in an 
increased rate of bird mortality or habitat loss greater than the sum of increased mortalities or 
habitat loss that might occur due to each individual development. Or, effects may be 
antagonistic, in which case association with some other variable would reduce impacts from the 
wind facility. Finally, impacts of a wind facility may increase to a limit or threshold of effect. As 
with testing hypotheses of first order direct effects, the key to a successful analysis is the 
protocol by which the data are collected.  
 
There are two major aspects to cumulative effect analysis that are directly related to wind 
energy development. The first concerns cumulative effects on a population over time. That is, 
are effects (positive or negative) caused by the wind facility relatively subtle over a short period 
of time, so that only a longer-term study will reveal the trend of impact? This impact could 
theoretically apply to the wildlife in and immediately around the wind facility, or could manifest 
itself in the demographics of populations or subpopulations some distance away through 
changes in immigration and emigration. This type of influence is extremely difficult to quantify in 
the field without a tremendous expenditure of time and funds and is typically not expected to 
occur as a result of a single wind project. Here, it becomes essential that a rigorous and focused 
modeling framework be established so that the potential impacts can be hypothesized given a 
variety of scenarios (e.g., levels of death and habitat loss). In this way, inference can be drawn 
from data collected over the short term at multiple projects as it applies to likely longer-term 
impacts using projections of various population and habitat models. 
 
The second issue with regard to cumulative effects concerns the expansion of an existing wind 
facility. The comments in the preceding paragraph still apply, but the issue is complicated by the 
continuing development of the wind facility. No information is available on how wildlife 
populations respond to wind facility expansion. In particular, we do not know if the relationship 
between number of turbines and number of deaths is linear, or if it plateaus at some point. We 
also do not know the demographic effects of habitat loss and fragmentation. Further, we do not 
know if the potential benefits of a wind facility to certain species (e.g., potential increase in prey 
for raptors) reaches some optimal level given a certain size of the wind facility. Here again, the 
most efficient approach would be to model the likely responses of a population to simulated 
changes in prey abundance, deaths, and reproduction and then compare the resulting 
population with what is found initially in the field. These results will indicate the level of concern 
that should be applied to wildlife deaths and habitat loss. 
 
Proper experimental designs must be implemented for analysis of the response of wildlife to 
wind energy development. It is beyond the scope of this chapter to describe all of the various 
designs and analyses possible and this subject is dealt with in more detail in Appendix C. The 
standard call for adequate treatments and references, including pre-treatment data, apply to 
cumulative effects studies. The advantage of designing a study of cumulative effects as a wind 
facility expands is that good references potentially exist in the areas that are scheduled for 
development at some point in the future. The only weakness here is that, if the wind facility is 
fully developed, the references will eventually disappear; allowances should be designed for this 
eventuality. For example, at the wind facility at Buffalo Ridge, Minnesota, Johnson et al. (2000a) 
located a reference area that could be suitable for wind energy development, but was unlikely to 
be so developed.  
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Land uses unrelated to wind development also could impact wildlife populations inhabiting a 
wind facility. For example, residential housing, commercial development, roads, and agriculture 
could influence wildlife on or near a wind facility. It is not the purpose of this document, 
however, to discuss the myriad non-wind factors that could be part of a complete analysis of the 
cumulative effects of human activities on wildlife populations. Such an endeavor would involve a 
thorough environmental impact assessment. Nevertheless, these land uses should be 
considered when selecting reference areas and/or interpreting data from wind energy impact 
studies. 
 
We will focus our discussion on bird mortality to illustrate some approaches and the difficulties 
in assessing cumulative impacts. The cumulative effects of a wind facility on a population over 
time could apply to the wildlife in and immediately around a wind project, or in a region with 
multiple wind projects, or could manifest itself in populations or subpopulations some distance 
away through changes in immigration and emigration. The cumulative effects resulting from the 
expansion of an existing wind facility or regional wind facilities are extremely difficult to quantify 
in the field without a tremendous expenditure of time and funds. Establishing a rigorous and 
focused modeling framework becomes essential for hypothesizing the potential impacts given a 
variety of scenarios. In this way, inference can be drawn from data collected over the short term 
as it applies to likely longer-term impacts using projections of various population models.  
 
No wind energy facilities have been documented to cause population declines of any species, 
even the golden eagle population using the APWRA in California (Hunt 2002), where an 
estimated 40–70 golden eagles are killed each year (Hunt 2002, Smallwood and Thelander 
2004). The likelihood of population level impacts on birds and bats from individual projects is 
very low. However, with the potential for large areas of development in various portions of the 
country, the concern over the cumulative impacts of wind development on birds and bats is 
high.  
 
Cumulative Impacts Case Study – Columbia Plateau Ecoregion 
The following example of the potential cumulative impacts of wind energy development is 
derived from a larger report on analysis of the potential cumulative impacts of existing and 
planned wind energy development in the Columbia Plateau Ecoregion (CPE) of eastern 
Washington and Oregon (Johnson and Erickson 2008).   This analysis assumed that for 
cumulative impacts to occur there must be a potential for a long-term reduction in the size of a 
population of Swainson’s hawk. When assessing the potential for cumulative impacts, it is 
necessary to first define the population potentially affected by wind energy development. 
Because birds and other animals do not recognize geopolitical boundaries, the affected 
population was Swainson’s hawks that breed, winter, or migrate through the CPE.  
 
The authors summarized results of 11 fatality monitoring studies at operational wind energy 
facilities within the CPE, and then used those results to estimate impacts for all constructed and 
proposed wind energy facilities within the CPE (Figure 5.5). Habitat and land use throughout the 
entire CPE are relatively similar with the predominant land use being a mosaic of agriculture – 
mainly dry land wheat farming, and grassland or shrub-steppe rangeland used for livestock 
grazing. In general, the region where future wind energy facilities are being planned is similar in 
vegetation types (Quigley and Arbelbeide 1997), although, for any given facility, the amount of 
each type varies. 
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Figure 5.5. Location of existing and proposed wind-energy facilities in the Columbia Plateau Ecoregion 

of southeastern Washington and northeastern Oregon (Johnson and Erickson 2008). 
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To define population sizes of Swainson’s hawk, the authors used data from a recent publication 
that estimated breeding population size of bird species by Bird Conservation Region, and then 
by that portion of each state within the Bird Conservation Region (see Blancher et al. 2007). The 
Great Basin Bird Conservation Region (see United States North American Bird Conservation 
Initiative [NABCI] Committee [2000] for a description) essentially occupied the same area within 
Washington and Oregon as the CPE. Habitat and land use throughout the entire CPE are 
relatively similar, with the predominant land use being a mosaic of agriculture, mainly dryland 
wheat farming, and grassland or shrub- steppe rangeland used for livestock grazing. 
 
Pre-construction raptor use estimates and post-construction raptor fatality estimates were 
available for 11 facilities in eastern Washington and Oregon (WEST Inc., unpublished data). 
Raptor use (raptors/survey) at WRAs in the CPE ranges from 0.26 to 1.64, and averages 0.68 
observations per 20-min survey. To predict raptor mortality for all existing and proposed wind 
energy facilities in the CPE, the authors assumed it would be similar to the other existing wind 
energy facilities in the CPE. Mean annual raptor mortality (fatalities/MW/year) at the 11 existing 
wind energy facilities in eastern Washington and Oregon ranges from 0 to 0.15/MW/year, with a 
mean of 0.07/MW/year.  
 
Because the 1.5-3.0 MW turbines constructed or proposed for most new-generation wind 
energy facilities are larger than turbines used at most of the existing facilities, it is likely not 
appropriate to predict raptor mortality in the CPE using per turbine estimates from the other 
wind energy facilities, as several of the existing facilities used smaller turbines, ranging from 
0.66-1.5 MW in size. Therefore, the authors used per megawatt estimates of raptor mortality for 
extrapolating the estimated numbers of raptor fatalities in the CPE. They used a range of 0.07 
(mean) to 0.15 (maximum) raptor fatalities/MW/year to estimate raptor mortality at each of the 
CPE wind energy facilities. To estimate cumulative mortality of Swainson’s hawk, the authors 
assumed that species composition of bird and bat fatalities associated with 6,700 MW of wind 
energy would be similar to species composition of fatalities found at the 11 existing facilities in 
the CPE (Johnson and Erickson 2008). 
 
Using raptor mortality estimates from existing wind energy facilities in the CPE, the authors 
estimated that the future total annual raptor mortality in the CPE would be 469 fatalities, with an 
upper bound of 1,005. The upper bound assumes that all projects would have raptor fatality 
rates similar to those experienced at the wind facility with the highest raptor mortality rate 
(0.15/MW/year), which is unlikely. Swainson’s hawks have composed 5.3% (three of 57 
fatalities) at existing facilities; assuming a total of 469 raptor fatalities could occur each year in 
the future in the CPE, 25 Swainson’s hawk fatalities would occur per year.  
 
The estimated Swainson’s hawk breeding population in the CPE is 10,000 (Blancher et al. 
2007). Swainson’s hawks occur in the CPE only during summer and most are resident 
breeders. Given the mortality estimate of 25 Swainson’s hawks per year, this would represent 
0.25% of the Swainson’s hawks in the CPE. 
 
Study Design for Risk Reduction 
 
Individuals from the wind industry and the scientific community as well as individual 
environmentalists and regulators have postulated that bird deaths can be reduced by modifying 
turbines to deter perching by birds, painting disruptive patterns on turbine blades, modifying 
turbine spacing, and so on. Some have suggested, however, that statistically valid analyses of 
such treatments are not feasible because bird death appears to be such a rare event. While it 
may be argued that simply reducing bird use on and around turbines is sufficient to conclude 
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that treatments have been effective, the weakness of this argument is that changes in behavior 
could also cause increases in death even if the use around turbines has declined. (For example, 
a perch guard might successfully prevent birds from perching on the tower, but might also have 
the effect of causing a frightened bird to fly into the blades, indirectly resulting in the very death 
it was designed to prevent.) Further, without quantification of dead birds, no statements can be 
made regarding the influence of turbines on the abundance and dynamics of bird populations – 
unless the turbines displaced the population (see Chapter 3). If the risk to an individual per visit 
to a turbine stays the same, then mortality (rate of bird death) has not been reduced even if 
fewer birds visit. Thus, the parameter used to quantify “visit” is an absolutely critical part of 
impact assessment. 
 
The evaluation of pre-construction risk-reduction measures for birds and bats will normally occur 
as a result of fatality studies. However, when fatalities are unexpectedly high after a project is in 
operation, additional risk-reduction measures may be required. Developing these risk-reduction 
measures frequently requires detailed study to evaluate existing potential alternatives, or to 
develop new risk-reduction measures. The following discussion focuses on the typical risk-
reduction measures and provides suggestions on how to develop and evaluate new measures.  
 
Facility Siting 
It seems intuitive that wind developers can reduce risk of avian fatalities or significant habitat 
impacts by avoiding areas of concentrated activity of birds known to be at risk for collisions 
when siting facilities (macro-siting). Site assessment and baseline studies can be used to 
determine if a proposed facility site is located in areas of high nesting or seasonal density, or in 
the range of a threatened or endangered species. While using data from the site assessment 
and baseline studies can potentially reduce the absolute number of bird deaths, the success of 
these measures in reducing fatalities should be evaluated through fatality and habitat impact 
studies. 
 
On-Site Reduction of Risk 
 
There are two major possibilities for reducing the risk to birds on a developing site. First, risk 
can be reduced by placing individual turbines and support facilities in areas of low avian use 
(micrositing); and second, the site can be made unsuitable for use by birds or a specific bird 
species through changes in habitat parameters (e.g., changing prey type or abundance, 
removing potential perches within the facility). 
 
Micrositing includes the siting of turbines away from areas where birds or bats concentrate, 
such as near roost, perch and nest sites, near heavily used vegetated gullies or water sources, 
and near known hibernacula.  
 
Birds and bats exhibit variations in activity both within and among days. These variations can be 
quantified by developing activity budgets for species of concern. Based on such data, reliable 
models could be developed that predict times of maximum risk to birds and bats. However, it is 
important to recognize that development of a wind facility may change prey availability to birds 
and bats, both increasing food for certain species and decreasing it for others. For example, at 
the APWRA it appears that numbers of California ground squirrels (Spermophilus beecheyi) 
increased because of soil disturbance and decreased grass height due to vegetation 
management that often accompanied wind facility development and maintenance. Because 
squirrels are a central part of the diet of many large raptors, it is likely that this increase in 
squirrel abundance attracted raptors, especially golden eagles and red-tailed hawks, to the site. 
Hunt (2002) hypothesized that this increased abundance of prey was at least partially 
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responsible for the relatively high eagle fatalities at APWRA. Thus, this increase in prey 
apparently increased risk to raptors at APWRA.  
 
Basic Experimental Approaches for Risk Reduction 
 
As outlined by Mayer (1996), there are four tasks that the investigator must accomplish when 
designing a study of wind energy/bird interactions. The logic is sequential and nested; each 
choice depends on the previous choice: 
 

1. Isolate the hypothesis of mechanism that is being tested. For example, one might 
be testing the hypothesis that birds strike blades and are either injured or killed (injury-
death) when attempting to perch on a turbine. 

2. Choose a measure of injury-death frequency that best isolates the hypothesis 
being tested. The two components of this choice are to choose an injury-death count to 
use as a numerator and a base count (likely utilization) to use as a denominator. It is 
critical that a relevant measure of use be obtained (e.g., passes through the rotor plane; 
occurrence by flight-height categories; use within a certain distance of the turbine). 

3. Choose a measure of effect that uses the measure of injury-death frequency and 
isolates the hypothesis being tested. The key is to decide whether the relative risk 
(risk ratio), attributable risk, or another measure of effect should be used. 

4. Design a study that compares two or more groups using the measure of effect 
applied to the measure of injury-death frequency chosen. The goals here are to 
isolate the effect, control for confounding factors, and allow a test of the hypothesis. 
Replication is essential. 

 
The ideal denominator in epidemiology is the unit that represents a constant risk to the bird. The 
unit might be miles of flight, hours spent in the site, or years of life. If the denominator is the total 
population number, then we are assuming that each bird bears the same risk by being alive. In 
human epidemiological studies, the total population size is usually used because we cannot 
estimate units of time or units of use. In wildlife studies, however, actual population density is 
extremely difficult to estimate and entire populations are seldom at risk from the site. If the risk 
is caused by being in the area, then deaths per hour in the area is probably the best 
epidemiological measure in wildlife studies. It is then extrapolated to the population by 
estimating the utilization rate of the area for the entire population. Measuring utilization is 
difficult, however, and must be approached carefully (see discussion of baseline studies). The 
metric for mortality or fatality rates is discussed in detail in Chapter 4. 
 
Designed Experiment 
 
Example Study Design 
A designed experiment in its simplest form requires a treatment and a control (Appendix C). For 
example, if one wishes to determine if blade painting as suggested by Hodos (2003) is effective 
in reducing bird fatalities within a facility, one could randomly assign treatments (blades painted 
with the Hodos design) and controls (standard blade painting). The sample size for this study is 
determined by the number of turbines selected for the study. However, if the goal is to assess if 
the Hodos design would be effective at all facilities within some geographic area, say all of 
California, then this study would need to be replicated at a sample of the facilities in California. 
In this case the sample size for statistical inference is the number of facilities. However, 
experiments can be much more complicated depending on the resources available to the 
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investigator. For example, facilities might be paired so that facilities in the desert are blocked, 
facilities in grasslands are blocked, and the allocation of treatments and controls are randomly 
assigned within each block. For a more detailed description of the design options, see Morrison 
et al. (2008).  
 
Case Study Approach 
Case studies have high utility in evaluating mortality. Here, one collects dead birds inside and 
outside a wind facility, and conducts blind analysis to determine the cause of death. 
Unfortunately, under most situations very few dead birds will be found outside the site.  
 
The case study approach suggests that epidemiological analysis often can be combined with 
clinical analysis to extend the inferential power of a study. Here, the clinical analysis would be 
the necropsies of the birds. Suppose we are successful at finding dead birds inside a wind 
facility. If we look at proportional mortality – the proportion of the birds killed by blunt trauma, 
sharp trauma, poisoning, hunting, natural causes, etc. – then the proportions should differ 
significantly between the facility and the reference area. The assumption is that the differential 
bias in finding dead birds within the two areas is uniform across the causes of mortality and thus 
the proportions should be the same even if the counts differ (i.e., relatively few dead birds found 
outside the site). 
 
Behavioral and Physiological Studies 
 
Obtaining information on the sensory abilities of birds and bats should help in designing 
potential risk-reduction strategies for wind facilities and individual turbines. Although it may 
seem intuitive to paint blades so birds can more readily see them, there are many possible 
designs and colors to select from. For example, what colors can birds see, and how do birds 
react to different patterns? If painting blades causes a bird to panic and fly into another turbine, 
then painting has not achieved its intended goal. It may also be intuitive that bats might be 
discouraged from coming near turbines if some device could be mounted on turbines that repel 
bats (E.B. Arnett, Bat Conservation International [BCI], pers. comm.). Many of these questions 
are best investigated initially in a laboratory setting. Unfortunately, translating lab findings to the 
field is an age-old problem in behavioral ecology. Success in the lab using tame and trained 
birds or bats does not necessarily mean success in the field, where a myriad of other factors 
come into play (wind speed and direction, fog, presence of other birds, variation in insect prey 
for bats), and the physical scales are different. However, initial lab studies can help to narrow 
the scope of field trials. A sequential process of initial lab testing of treatments, followed by field 
trials, followed by additional lab trials as indicated, can be implemented. 
 
Researchers under the direction of Drs. Hugh McIsaac and Mark Fuller, Boise State University, 
and Dr. William Hodos, University of Maryland, conducted a series of intensive laboratory trials 
to determine the visual acuity of raptors (Hodos 2003, McIsaac 2003). Both investigative teams 
found that birds lose the ability to detect moving turbine blades due to motion smear when they 
approach within 3 m (10 feet) of the blades. Both teams included trials to determine the ability of 
the birds to differentiate between differently painted patterns on turbine blades. The McIsaac-
Fuller research team initiated field trials to determine the ability of trained but free-flying raptors 
to avoid painted blades (McIsaac and Fuller, Boise State University, unpublished data). This 
research is an example of how combining laboratory and field experimentation can be 
conducted to address bird-wind interactions. 
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Foote Creek Rim UV Paint Study: A Suboptimal Design 
At least 30 species of birds can see Ultra Violet (UV) light (see Bennett and Cuthill 1994). Most 
diurnal birds, including raptors, are probably able to detect UV light, a spectrum not detected by 
the human eye (Jacobs 1992), although nocturnal species are probably not able to discriminate 
between UV and other light spectra (Jacobs 1992). UV vision is potentially important for most 
aspects of a bird’s life, including sexual selection, predator avoidance, foraging, orientation and 
migration. Painting turbine blades with UV reflective paint could potentially reduce bird collisions 
by making them more visible to birds.  
 
Although the effectiveness of UV-reflective paint to reduce bird mortality had not been 
experimentally tested, during the permitting process for the initial construction phase of the 
Foote Creek Rim (FCR) Wind Plant in Carbon County, Wyoming, the USFWS recommended 
that the turbine blades be painted with a UV-light reflective paint in an effort to minimize avian 
collisions. Unfortunately, this measure was implemented by the project developer for all turbines 
in the first two phases of FCR (FCR I and FCR II) without consideration for a more rigorous 
control-impact study design to test its collision risk-reducing effectiveness. Once FCR III was 
constructed, the basis for a comparison study was established but without control over the 
spatial distribution of turbines with UV-reflective blades.  
 
Young et al. (2003d) examined the effects on bird use and mortality of painting wind turbine 
blades with UV-reflective paint at the FCR I and II facilities. The primary objectives of the study 
were to: (1) review and critique published and unpublished information relevant to the study; (2) 
estimate spatial and temporal use and behavior of birds near turbines with blades coated with 
UV-reflective paint versus those coated with non-UV-reflective paint; and (3) compare the 
number of carcasses found near turbines that had blades coated with UV-reflective paint versus 
those coated with non-UV-reflective paint. Young et al. (2003d) evaluated the change in 
collision risk due to the treatment through measurement of avian behavior, use, and mortality 
within varying distances of turbines with and without the treatment (UV reflective paint) using 
standard statistical analyses for reference/impact designs.  
 
Because turbine strings treated with UV paint were located in strings away from those not 
treated, the overall study format was a rather poor example of a quasi-experiment or 
observational study often referred to as an impact-reference design (Morrison et al. 2001). The 
impact-reference design is used for comparison of response variables measured on treated 
areas (area near UV turbines [UV area]) with measurements from reference areas (areas near 
non-UV turbines [non-UV area]). The impact-reference design was also chosen because 
relevant “before” construction data were not available for the areas near the turbines.  
 
Relative use of the wind facility by avian species was measured through point-count surveys 
conducted at each station twice each survey day during daylight hours (Young et al. 2003d). 
Activity and behavior of each bird observed were recorded, as well as other parameters related 
to the risk of birds near turbines such as distance from a turbine, flight height, and group size. 
Mortality was measured through carcass searches of plots centered on turbines. Mortality 
estimates were adjusted for scavenger removal and searcher efficiency biases. 
 
The data were analyzed to determine a change (increase or decrease) in risk due to the 
treatment (UV paint). This was evaluated through the measurement of avian use, observed 
fatality rates, and to the extent possible, behavior (as measured by flight characteristics) at 
turbines with and without the treatment using standard statistical analyses for impact-reference 
designs (Skalski and Robson 1992).  
 



 

 

121 Comprehensive Guide to Studying Wind Energy/Wildlife Interactions 

Avian use varied between the UV and non-UV turbine areas. Overall raptor use was significantly 
higher in the UV area (0.778/survey) compared to the non-UV area (0.215/survey). In contrast, 
passerine use did not differ between the UV and non-UV areas due mainly to the high 
abundance of horned larks across the whole rim (Young et al. 2003d).  
 
There was no significant difference between observed mortality between the UV and non-UV 
turbines. Observed passerine mortality at UV turbines was two times higher than the non-UV 
turbines, but the difference was not statistically significant. The avian risk index, mortality 
divided by mean use, provides a relative measure of the risk of birds colliding with turbines. If 
there was no difference in the risk of collision between the UV and non-UV turbine areas, we 
would expect similar risk indices for both areas (i.e., fatalities would be proportional to use for 
both areas). A difference between the indices for the two areas would suggest a difference in 
risk of collisions between the two turbine types. There was no significant difference between the 
risk indices for different bird groups between the two areas. The risk index for raptors was 
approximately three times higher at the non-UV area, due to lower use estimates; however, this 
was not significantly different. Due to the small sample size of raptor fatalities (6), the magnitude 
of this difference was probably not reliably measured (Young et al. 2003d).  
 
Avian behavior was addressed through observation of flight characteristics (e.g., distance from 
turbines). Qualitative observations of birds avoiding turbines were noted but not included in the 
analyses. There was no significant difference in raptor use in different distance bands from UV 
and non-UV turbines, suggesting that there was no difference in the propensity of raptors to fly 
closer to one turbine type (Young et al. 2003d).  
 
Several alternative designs would have improved this study, even without before data. For 
example, the UV-reflective paint treatment could have been applied to random turbines within all 
three phases, or within Phase I and II, with Phase III turbines retained as a reference. 
 
Foote Creek Rim Raptor Risk Assessment 
In addition to modification of turbines and other wind energy infrastructure, another way to 
reduce or mitigate impacts is through careful siting of wind energy facilities as well as turbines 
within wind energy facilities. Within a given facility, avoidance of physical microhabitats used by 
raptors including swales, ridge tops, canyons, and rims would likely reduce collision risk (Howell 
and Didonato 1991; Orloff and Flannery 1996). For example, spatial use data were collected at 
the FCR, Wyoming wind energy facility starting five years prior to development. Foote Creek 
Rim is a tabletop mesa with abrupt, steep slopes along the east and west edges. Raptor use 
data indicated that raptors used the rim edge significantly more than other portions of the study 
area (Figure 5.6). For each raptor observation on Foote Creek Rim, locations were placed into 
one of three strata: (1) within 50 m of the rim edge; (2) >50 m off of the rim; and (3) over the 
mesa but >50 m away from the rim edge. A far greater proportion of raptors observed along the 
rim edge were flying at heights within the rotor-swept height (19 m-62 m) of the turbines than 
were birds flying away from the rim edge. Consistently greater use of the rim edge by all raptor 
groups combined with a tendency by raptors to fly within the rotor-swept height along the rim 
edge led to a recommendation that turbines be placed >50 m away from the rim edge to reduce 
risk to raptors at this site (Johnson et al. 2000b).  
 
These high use areas were avoided by the wind power developer when turbines were sited. 
Anecdotally, the BLM (1995) considered golden eagle abundance at the FCR area prior to 
construction to be similar to the APWRA in California. Based on the assumption of similar 
densities, the BLM predicted fatality rates for the Foote Creek area similar to the APWRA, or 
approximately two golden eagle fatalities per year (BLM 1995). However, over a 3-year period, 
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133 turbines were searched for fatalities, for a total of 202 turbine search years, resulting in one 
golden eagle fatality (Young et al. 2003b). Micro-siting of turbines may partially explain why 
fatalities of golden eagle were lower than predicted at Foote Creek Rim. 
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Figure 5.6. Raptor use within rotor swept area in relation to the rim edge at the 

Foote Creek Rim project in Carbon County, Wyoming (from Johnson et 
al. 2000b). 

 
 
Weather Associations with Bat Mortality 
 
In this case study from the Mountaineer wind project in West Virginia, Arnett et al. (2005) 
developed models to determine the association between nightly weather characteristics and 
high bat mortality nights.  
 
Using weather and turbine characteristics (Table 5.1) from Meyersdale and Mountaineer, the 
authors fit several logistic regression models (Ramsey and Schafer 1997) to predict relatively 
high bat fatalities versus low fatalities found at a site. The number of nights was used as the 
experimental unit. The total number of observations (i.e., nights), predictor variables, and the 
models analyzed were the same as those discussed above for multiple regression analyses for 
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both Meyersdale and Mountaineer. A “best” set of predictor variables to include in the logistic 
model was selected by fitting all possible two predictor variables, and their interaction of 
predictor variables (i.e., one model was fit with the interaction term, and another model without) 
and ranking the resulting models by corrected Akaike’s Information Criterion (Burnham and 
Anderson 2002). The model with minimum AICC among those fit was chosen as our “best” 
model given the data and the set of models fit (Burnham and Anderson 2002). In standard 
logistic regression analysis, individual “successes” (here, a high index of the number of fresh bat 
mortalities) and “failures” (here, a low index of the number of fresh bat mortalities) are assumed 
to be independent of one another and follow a binomial distribution. For inferences about each 

parameter in every model fit, they calculated the Wald’s χ2 statistic and p-value using standard 
statistical procedures for logistic regression models (Ramsey and Schafer 1997). All 
calculations were carried out using SAS Proc LOGISTIC (SAS Institute 2000).  
 
 
Table 5.1.  Abbreviations and descriptions of weather and turbine variables used for 

analyses at the Mountaineer and Meyersdale Wind Energy Centers (Kerns and 
Kerlinger 2004, Arnett et al. 2005). 

Abbreviation Description 
tet_avg Mean nightly temperature; measured at turbines and averaged across all 

turbines at a site. 

hum_avg Mean nightly relative humidity; measured at met towers and averaged for 
all towers at a site. 

pre_avg Mean nightly barometric pressure; measured at met towers and 
averaged for all towers at a site. 

wst_med, 
wst_avg 

Median or average nightly wind speed; measured at turbines and 
averaged across all turbines at a site. 

wsm_med, 
wsm_avg 

Median or average nightly wind speed; measured at met towers and 
averaged across all turbines at a site. 

pc2 Proportion of night (10 min intervals) from 2000 to 0600 hr with wind 
speed of 0-4 m/s; measured at turbines and averaged across all turbines 
at a site. 

pc4 Proportion of night (10 min intervals) from 2000 to 0600 hr with wind 
speed of 4-6 m/s; measured at turbines and averaged across all turbines 
at a site. 

pc6 Proportion of night (10 min intervals) from 2000 to 0600 hr with wind 
speed of >6 m/s; measured at turbines and averaged across all turbines 
at a site. 

rpm Mean nightly turbine blade speed (rpm); measured at turbines and 
averaged across all turbines at a site. 

r_s Proportion of night when rain was recorded; categorical variable classed 
as <10% or >10% of night; data measured by National Weather Service 
in Morgantown, WV. 

wst_med^2, 
wst_avg^2 

Quadratic term for median or average mean nightly temperature; 
measured at turbines and averaged across all turbines at a site. 

bp_mean*2 Quadratic term for mean nightly barometric pressure; measured at met 
towers and averaged for all towers at a site. 
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Results 
Wind speed and weather were significantly related to predicting a high or low bat fatality night. 
Nights with higher wind speeds and storms/rain had few fatalities, while nights immediately after 
storms/rain with low wind speeds had higher fatalities. 
 
Curtailment of Bat Fatality Case Study 
Arnett et al. (2009) implemented the first experiment in the United States on the effectiveness of 
changing turbine cut-in speed on reducing bat fatalities at wind turbines at the Casselman Wind 
Project in Somerset County, Pennsylvania. Their objectives included: (1) determine the 
difference in bat fatalities at turbines with different cut-in-speeds relative to fully operational 
turbines; and (2) determine the economic costs of the experiment and estimated costs for the 
entire project area under different curtailment prescriptions and timeframes.  
 
Twelve of the 23 turbines at the site were randomly selected for the experiment (Arnett et al. 
2009a). Three treatments were applied at each turbine with four replicates on each night of the 
experiment: (1) fully operational, (2) cut-in speed at 5.0 m/s, and (3) cut-in speed at 6.5 m/s. 
The study used a completely randomized design. Treatments were randomly assigned to 
turbines each night of the experiment, with the night when treatments were applied acting as the 
experimental unit. Daily searches were conducted at the 12 turbines from 27 July to 9 October 
2008 and 26 July to 8 October 2009. During this same period, daily searches were conducted at 
10 different turbines that acted as a ‘“control” to the curtailed turbines. The authors performed 
two different analyses to evaluate the effectiveness of changing turbine cut-in speed to reduce 
bat fatalities. In the one analysis, they used 12 turbines to determine differences in fatality 
between curtailment levels. In the second analysis, they used 22 turbines to determine 
differences in fatalities between curtailment and fully operational turbines. The experimental unit 
in the first analysis was the turbine-night, and turbines were considered a random blocking 
factor within which all treatments were applied. In the first analysis, the total number of fatalities 
from the previous night (herein referred to as “fresh” fatalities) in each treatment at each turbine 
was modeled as a Poisson random variable. For the second analysis, the turbine was the 
experimental unit, with 12 turbines receiving the curtailment treatment, and 10 turbines as the 
control (fully operational at all times). They used all carcasses found at a turbine to estimate the 
total number of bat fatalities that occurred at each turbine between 27 July and 9 October 2008 
and 26 July to 8 October 2009 and compared fatalities using one-way ANOVA (Arnett et al. 
2009a). 
 
There was strong evidence that the estimated number of fatalities over 25 nights differed among 
turbine treatments. The authors demonstrated nightly reductions in bat fatality ranging from 52-
92% in 2008 and 44-86% in 2009 with marginal annual power loss (Arnett et al. 2009a). Total 
fatalities at fully operational turbines were estimated to be 5.4 times greater on average than at 
curtailed turbines in 2008 and 3.6 times greater on average than at curtailed turbines in 2009. 
The lost power output resulting from the experiment amounted to approximately 2% of total 
project output during the 75-day study period for the 12 turbines (Arnett et al. 2009a). 
Hypothetically, if the experimental changes in cut-in speed had been applied to all 23 turbines at 
the Casselman site for the study period (0.5 hour before sunset to 0.5 hour after sunrise for the 
75 days of study), the 5.0 m/s curtailment used would have resulted in lost output equaling 3% 
of output during the study period and only 0.3 % of total annual output. If the 6.5 m/s curtailment 
were applied to all 23 turbines during the study period, the lost output would have amounted to 
11% of total output for the period and ~1% of total annual output. In addition to the lost power 
revenue, the company also incurred costs for staff time to set up the processes and controls 
and to implement the curtailment from the company’s offsite 24-hour operations center. 
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Model-Based Analysis 
 
Modeling is defined as the mathematical and statistical processes involved in fitting 
mathematical functions to data. Given this definition, models are included in all study designs. 
The importance of models and assumptions in the analysis of empirical data ranges from little 
effect in design-based studies to being a critical part of data analysis in model-based studies. 
Design-based studies result in predicted values and estimates of precision as a function of the 
study design. Model-based studies lead to predicted values and estimates of precision based on 
a combination of study design and model assumptions often open to criticism. Here, we briefly 
review the use of models in studies of wind-wildlife impacts (see Appendix C for more details on 
models and model based analysis). 
 
Pure design/data-based analysis often is not possible in impact studies. For example, bird 
abundance in an area might be estimated on matched pairs of impacted and reference study 
sites. However carefully the matching is conducted, uncontrolled factors always remain that may 
introduce too much variation in the system to allow one to statistically detect important 
differences between the assessment and reference areas. In a field study, there likely will be 
naturally varying factors whose effects on the impact indicators are confounded with the effects 
of the incident. Data for easily obtainable random variables that are correlated with the impact 
indicators (covariates) will help interpret the gradient of response observed in the field study. 
These variables ordinarily will not satisfy the criteria for determination of impact, but can be 
used in model-based analyses for refinement of the quantification of impact (Page et al. 1993).  
 
For example, in the study of bird use at the FCR facility, WEST Inc. (1995) developed indices to 
prey abundance (e.g. prairie dogs, ground squirrels, and rabbits). These ancillary variables are 
used in model-based analyses to refine comparisons of avian predator use in assessment and 
reference areas. Land use also is an obvious covariate that could provide important information 
when evaluating differences in bird use among assessment and reference areas and time 
periods. Indicators of degree of exposure to the impact-producing factor also should be 
measured on sampling units. As in the Impact-Gradient Design, a clear impact-response 
relationship between impact indicators and degree of exposure will provide corroborating 
evidence of impact. These indicators also can be used with other concomitant variables in 
model-based analyses to help explain the noise in data from natural systems. For example, the 
size of turbines, the speed of the turbine blades, the type of turbine towers, etc. can possibly be 
considered indicators of the degree of exposure. 
 
In many model-based analyses of populations, a central part of impact assessment is 
development of a model predicting the survival rates required to maintain a population. The 
strategy is to determine survival rates required to sustain populations exhibiting various 
combinations of the other parameters governing population size. To be useful in a wide range of 
environmental situations and useable for people with varying expertise, the model should be 
based on simple mathematics.  
 
Morrison and Pollock (1997) sought to develop a useful, practical modeling framework for 
evaluating potential wind power facility impacts that can be generalized to populations of most 
bird species by: (1) reviewing the major factors that can influence the persistence of a wild 
population; (2) briefly reviewing various models that can aid in estimating population status and 
trends, including methods of evaluating model structure and performance; (3) reviewing 
survivorship and population projections; and (4) developing a framework for using models to 
evaluate the potential impacts of wind development on birds. Based on their review, Morrison 
and Pollock (1997) concluded that the appropriate hierarchical framework for evaluating 
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population responses to perturbations is: (1) empirical data, (2) surrogates, and (3) models with 
available data (Leslie matrices). A large set of empirical data is, of course, the optimal situation. 
Several of the case studies previously presented in this chapter had model components, and 
some of the case studies were almost entirely model based. For our last case study we provide 
an example of a model-based approach to the evaluation of the impact of wind energy 
development on golden eagles. 
 
The Golden Eagle in the APWRA – A Case Study of a Demographic Study 
 
The impact of the APWRA on the resident golden eagle population has been under investigation 
for decades. During 1994–2000, the ecology of golden eagles was studied in west-central 
California, a region containing a higher reported density of breeding pairs than elsewhere 
reported. The work (see Hunt 2002, Hunt and Hunt 2006) centered on estimating whether wind 
turbine blade-strike fatalities at the APWRA were causing the local breeding population of 
eagles to decline. To address the question of impact upon the eagle population, 257 eagles of 
four life-stages were radio-tagged and monitored for movements and survival in the 9,000 km2 
study area over the 7-year period. The turbine blades accounted for 42 of 100 fatalities of radio-
tagged eagles recorded during the study, and the actual number of strike deaths within the 
sample of tagged eagles was likely higher because the blades destroyed the transmitters in an 
unknown proportion of cases. Vital rate estimates of reproduction and survival were used within 
a standard age-based growth (trend) model to estimate the potential growth rate (lambda) of the 
population. The resulting estimate of the potential growth rate (lambda) was centered on 1.0, 
predicting neither increase nor decline in the population. However, if the point estimate of 
population growth represented its true value, then few locally-produced floaters would exist to fill 
breeder vacancies (Hunt 2002). Stability in the breeding segment might therefore require a 
supply of immigrant floaters from outside the core study area ( ≥ 30 km radius from APWRA). 
Using a Lefkovitch stage-based model, Shenk et al. (1996) concluded, however, that the trend 
in the eagle population was declining.  
 
An example of mixing design- and model-based research is the project completed by 
Smallwood and Neher (2004). They used field data collected at the APWRA to relate raptor 
flight patterns to landscape attributes derived from a slope curvature analysis based on a digital 
elevation model of the landscape and ArcMap geo-processing tools, combined with wind 
directions recorded during the behavioral observation sessions. This data- and model-based 
approach allowed them to test hypotheses related to factors causing bird movements and 
subsequent mortalities. Based on their results, they recommended that locating new or 
relocating existing wind turbines on the prevailing leeward aspect of ridges and hills should 
result in reduced encounter frequencies between flying raptors and wind turbines; this 
hypothesis could then be tested in the field.  
 
 

ADAPTIVE MANAGEMENT  
 
Adaptive management (AM) is a series of scientifically driven management actions (within 
economic and resource constraints) that use monitoring and research results to test competing 
hypotheses related to management decisions and actions, and apply the resulting information to 
improve management. AM can be categorized into two types: “passive” and “active” (Walters 
and Holling 1990, Murray and Marmorek 2003). In passive AM, alternatives are assessed and 
the management action deemed best is designed and implemented. Monitoring and evaluation 
then lead to adjustments as necessary. In active AM, managers explicitly recognize that they do 
not know which activities are best, and then select several alternative activities to design and 
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implement. In active AM, monitoring and evaluation of each alternative helps in deciding which 
alternative is more effective in meeting objectives, and adjustments to the next round of 
management decisions can be made based on those lessons.  
 
The iterative approach employed in this guide is similar to a passive AM decision-making 
process. In the pre-construction environment, analysis and interpretation of information 
gathered at a particular stage influences the decision to proceed further with the project or the 
project assessment. If the project is constructed, information gathered in the pre-construction 
assessment guides possible project modifications, or the need for and design of post-
construction studies. Clearly, active AM is not feasible for siting decisions. However, analysis of 
the results of post construction studies can test design modifications and operational activities to 
determine their effectiveness in avoiding and minimizing impacts. When there is considerable 
uncertainty over the appropriate mitigation for a project, active AM is the preferred approach to 
testing the effectiveness of alternative approaches (Walters and Holling 1990, Murray and 
Marmorek 2003). 
 
However, in the classic sense AM most often will be used in the context of studies of risk 
reduction and other forms of mitigation. That is, when there is uncertainty regarding which 
measures will be most successful in reducing risk or offsetting impacts, AM is an effective 
approach to reducing this uncertainty. For AM to work, there must be agreement to adjust 
management or mitigation measures if monitoring indicates that goals are not met.  
 
 

SUMMARY 
 
Below is a summary of the primary points discussed in this chapter. 
 

1. Manipulative studies can be an effective means of determining the response of wildlife to 
treatments or experiments designed to test behavioral responses to wind energy 
development. 

2. Developing a sound modeling framework may help identify the critical aspects of the 
population that should be studied, even if a formal model is not calculated. 

3. Quantification of habitat use with and without the project, including factors such as food 
abundance and access to brood-rearing habitat, can be an important part of evaluation 
of a population’s status. When habitat loss is a concern, documenting the magnitude of 
habitat lost and quantifying the area of influence of a wind facility can help in the 
decision to expand an existing facility, in the design of future facilities, and in the 
mitigation of existing habitat impacts.  

4. Cumulative habitat impacts are a concern for some wildlife populations; they are 
quantifiable and should consider the effects of other wind energy facilities as well as 
other forms of development and land use. 

5. Population and cumulative impacts are difficult to study, and attribution of population 
effects from fatalities and habitat loss must consider mortality, reproduction, emigration 
and immigration.  

6. In many situations, quantification of adult survivorship is an essential step in determining 
the status of the population of interest. Data on survival published in the literature are 
adequate to allow broad generalizations to be made regarding “adequate” survival for 
population maintenance. 
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7. Determining the spatial structure of a population – whether it is divided into 
subpopulations – is important in that it places the status of various life history 
parameters into context and assists in identifying key habitat components that may be 
impacted by a wind energy project. 

8. Quantifying reproductive output and breeding density, when combined with knowledge of 
the population’s spatial structure, provides a good idea of the status of the population. 
This will be especially important when adult survivorship cannot easily be determined. 

9. It is likely that Leslie matrix models will be most useful when predicting the response of 
locally abundant subpopulations, where enough individuals are present for a population 
trend to be estimated. 

10. Determination of the effective population size (Ne) likely will be useful in evaluating the 
status of rare subpopulations. A rapid determination of the likely lower critical threshold 
for the subpopulation is necessary. 

11. Risk reduction studies are best conducted through use of a manipulative study design in 
an AM framework. 

12. The study of impacts to habitat and populations should follow good experimental design 
principles with an emphasis on the optimum study designs when possible. Because 
most studies of wind energy impact are observational, cause and effect are difficult to 
establish, and the use of control and treatment structures offers the best opportunities to 
infer cause and effect relationships. 

 
 

DECISION PROCESS 
 
The decision process at the end of post-construction studies is almost entirely based on how a 
facility will operate in the future given the outcome of the studies evaluating risk reduction and 
other mitigation. That is, if unacceptable impacts are confirmed through post-construction 
studies, including population impacts, in most cases additional efforts at risk reduction and other 
mitigation normally would follow. This results in an iterative process much like adaptive 
management where studies of impact are followed by studies of risk-reduction measures or 
other mitigation, followed by other studies evaluating additional attempts at reducing the 
uncertainty surrounding how to reduce risk or successfully mitigate for impacts that are 
unavoidable. 
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ABSTRACT Our purpose is to provide researchers, consultants, decision-makers, and other stakeholderswith guidance tomethods andmetrics
for investigating nocturnally active birds and bats in relation to utility-scale wind-energy development. The primary objectives of such studies are to
1) assess potential impacts on resident andmigratory species, 2) quantify fatality rates on resident andmigratory populations, 3) determine the causes
of bird and bat fatalities, and 4) develop, assess, and implementmethods for reducing risks to bird and bat populations and their habitats.Wedescribe
methods and tools and their uses, discuss limitations, assumptions, and data interpretation, present case studies and examples, and offer suggestions
for improving studies on nocturnally active birds and bats in relation to wind-energy development. We suggest best practices for research and
monitoring studies using selectedmethods andmetrics, but this is not intended as cookbook.We caution that each proposed and executed studywill
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National Wind Coordinating Committee document ‘‘Methods and Metrics for Assessing Impacts of Wind Energy Facilities on Wildlife’’
(Anderson et al. 1999), we provide information that stakeholders can use to aid in evaluating potential and actual impacts of wind power
development on nocturnally active birds and bats. We hope that decision-makers will find these guidelines helpful as they assemble information
needed to support the permitting process, and that the public will use this guidance document as they participate in the permitting processes. We
further hope that the wind industry will find valuable guidance from this document when 1) complying with data requirements as a part of the
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Wind energy is one of the fastest growing sectors of the
energy industry (Pasqualetti et al. 2004, National Research
Council [NRC] 2007), a relatively recent development that
has led to unexpected environmental consequences (Morri-
son and Sinclair 2004, Manville 2005, Kunz et al. 2007).
The large number of raptor fatalities discovered at Altamont
Pass in California in the early 1980s triggered widespread
concern from environmental groups and wildlife agencies
about possible impacts to bird populations (Anderson and
Estep 1988; Estep 1989; Orloff and Flannery 1992, 1996).
Anderson et al.’s (1999) comprehensive review and analysis
of methods and metrics for the study of impacts of wind-
energy facilities on birds provided valuable guidelines for
assessing diurnally active wildlife but offered limited
guidance on methods for assessing impacts on nocturnally
active birds and bats. Given the projected growth of the
wind-energy industry in the United States and emerging
concerns over possible cumulative impacts of wind-energy
facilities on nocturnally active birds and bats (Government
Accountability Office [GAO] 2005, Manville 2005, NRC

2007, Arnett et al. 2008), we developed this document to
supplement the earlier methods and metrics document.
The methods and metrics we consider herein include those

suitable for assessing both direct and indirect impacts of
wind energy. Direct impacts of wind-energy facilities refer
to fatalities resulting from night-flying birds and bats being
killed directly by collisions with wind turbine rotors and
monopoles. Indirect impacts of wind-energy development
refer to disruptions of foraging behavior, breeding activities,
and migratory patterns resulting from alterations in land-
scapes used by nocturnally active birds and bats. Direct and
indirect impacts on birds and bats can contribute to
increased mortality, alterations in the availability of food,
roost and nest resources, increased risk of predation, and
potentially altered demographics, genetic structure, and
population viability (NRC 2007).

LIMITS OF CURRENT KNOWLEDGE
ABOUT IMPACTS ON NOCTURNALLY
ACTIVE BIRDS AND BATS

Songbirds
Songbirds are by far the most abundant flying vertebrates in
most terrestrial ecosystems, and until recently have been1 E-mail: kunz@bu.edu
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among the most frequently reported fatalities at utility-scale
wind facilities in the United States. In a review of bird
collisions reported from 31 studies at utility-scale wind-
energy facilities in the United States, Erickson et al. (2001)
showed that 78% of carcasses found at wind-energy
facilities outside of California were songbirds protected by
the Migratory Bird Treaty Act (16 United States Code 703–
712); among these, approximately half were nocturnal,
migrating passerines. The number of passerine fatalities
reported in other studies has ranged from no birds during a
5-month survey at the Searsburg Vermont Wind Energy
Facility, Searsburg, Vermont, USA (Kerlinger 1997) to 11.7
birds per megawatt (MW) per year during a 1-year study at
Buffalo Mountain Wind Energy Center, Anderson County,
Tennessee, USA (Nicholson 2003). Given the increasing
number of installed and proposed wind-energy facilities, the
relatively large number of passerine fatalities at wind-energy
facilities on forested ridge tops in the eastern United States,
such as Buffalo Mountain Wind Energy Center, Anderson
County, Tennessee, and the Mountaineer Wind Energy
Center, Tucker County, West Virginia has raised concern
regarding the potential risk to nocturnally active songbirds
(Kerns and Kerlinger 2004, GAO 2005, Fiedler et al. 2007,
NRC 2007, Arnett et al. 2008).

Bats
Recent monitoring studies indicate that utility-scale wind-
energy facilities in the continental United States have killed
considerably more bats than were expected based on early
monitoring studies where birds have been the primary focus
of attention (NRC 2007). Large numbers of bats have been
killed at wind-energy facilities constructed along forested
ridge tops in the eastern United States (GAO 2005, Kunz et
al. 2007, NRC 2007, Arnett et al. 2008). The highest
fatality rates at these facilities have ranged from 15.3 bats/
MW/year at the Meyersdale Wind Energy Center,
Somerset County, Pennsylvania to 41.1 bats/MW/year at
the Buffalo Mountain Wind Energy Center (Fiedler 2004,
Kunz et al. 2007, NRC 2007, Arnett et al. 2008). A recent
follow-up study conducted at the Buffalo Mountain site
reported fatality rates of 53.3 bats/MW/year at 3 small
(0.66-MW) Vestas V47 wind turbines (Vestas Wind
Systems A/S, Ringkøbing, Denmark) and 38.7 bats/MW/
year at 15 larger (1.8-MW) Vestas V80 turbines (Fiedler et
al. 2007). Another recent study, conducted at the Maple
Ridge Wind Power Project, Lewis County, New York, USA
estimated bat fatalities ranging from 12.3 bats to 17.8 bats/
MW/year (depending on carcass search frequency) at 1.65-
MW Vestas wind turbines (Jain et al. 2007). Bat fatalities
reported from most other regions of the United States have
ranged from 0.8 bats to 8.6 bats/MW/year, although these
estimates were largely based on studies designed to estimate
bird fatalities (but see Johnson et al. 2003, 2004, 2005). In
addition to these fatalities, bats have been killed at wind-
energy facilities located in agricultural areas of southwestern
Alberta, Canada (Barclay et al. 2007), and in a mixed
woodland–shrub–grassland landscape in north-central
Oklahoma, USA (Piorkowski 2006). Little is known,

however, about potential risks and fatalities in other regions
in North America where wind-energy facilities are being
developed at an unprecedented rate.

Challenges to Impact Assessment and Prediction
Predicting impacts on bird and bat populations based on
fatalities reported from existing wind facilities presents
several challenges. Lack of reliable correction factors for
biases associated with searcher efficiency and scavenging
make it difficult to derive reliable estimates of fatalities for a
given site or season, let alone to compare results from
different regions and years to confidently predict cumulative
impacts (Kunz et al. 2007, NRC 2007, Arnett et al. 2008).
Several studies using radar have been conducted during
preconstruction periods in efforts to estimate potential risks
to nocturnal migrants. However, to date, none have
provided sufficient evidence to reliably predict actual risk.
In part, this may reflect the fact that existing sites typically
have different ecological characteristics both before and after
development (e.g., undisturbed forested ridge top vs. cleared
ridge top with installed wind turbines).

Bias correction factors.—Scavengers are known to
remove bird and bat carcasses before researchers are able
to discover them and, thus, fatality rates will most likely be
underestimated unless reliable estimates of scavenging rates
are developed and applied to observed fatalities (Morrison
2002). Bias correction factors also are needed to adjust
fatality estimates for searcher efficiency. For example, a
study in West Virginia used test subjects (fresh and frozen
bats or birds) to evaluate searcher efficiency and found that,
on average, only about half of the animals were found by
human observers (Arnett 2005, Arnett et al. 2008). More-
over, bats killed by wind turbines were twice as likely to be
found by human observers in grassland areas compared to
those in agricultural landscapes and along cleared forested
ridge tops. In a recent study, trained dogs were able to find
71% of the bat carcasses during searcher-efficiency trials at
the Mountaineer site in West Virginia and 81% at the
Meyersdale site in Pennsylvania, compared to 42% versus
14%, respectively, for human searchers (Arnett 2006).

Causal mechanisms of impact.—Cooperation of the
wind-energy industry is needed to help researchers develop
a better understanding of how birds and bats interact with
wind-energy facilities and to help identify the causal
mechanisms of impact (Kunz et al. 2007, NRC 2007).
Research and monitoring studies are needed to assess
activities and abundance of birds and bats 1) before
construction (e.g., before forests have been cleared and
linear landscapes have been created); 2) after turbines have
been installed (but before they become operational); and 3)
after they have become operational, to test hypotheses
needed to assess impacts of wind-energy facilities on birds
and bats (Kunz et al. 2007, NRC 2007).
Results of such research could help researchers identify

and the wind industry implement mitigation measures to
avoid or minimize impacts on nocturnally active wildlife at
existing facilities. For example, studies using thermal
infrared imaging (Horn et al. 2008) and evidence from bat
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carcasses recovered at the Mountaineer and Meyersdale
Wind Energy Centers in 2004 (Arnett 2005, Arnett et al.
2008) indicate that most fatalities occurred at times of low
wind speeds (typically ,6 m/sec), conditions under which
rotor blades are moving but the amount of electricity
generated is minimal (NRC 2007). These data suggest that
a first-order priority should be to test the hypothesis that bat
fatalities could be markedly reduced by mechanically
feathering turbine blades (i.e., electronically pitching the
blades parallel to the wind, effectively making them
stationary) at low wind speeds (Kunz et al. 2007, Arnett
et al. 2008).
Well-designed before-after-control impact (BACI) and

comparative studies, and those that test responses of birds
and bats to different operational conditions, are needed to
fully evaluate options for mitigating fatalities to birds and
bats at wind-energy projects (Kunz et al. 2007, NRC 2007).
In this context, some success has been achieved with the
installation of new turbine designs (e.g., lattice towers
replaced with monopoles and fewer and taller turbines), and
by testing visual deterrent by using different colors on
turbine blades (Hodos 2003). A current study is underway to
test the efficacy of acoustic deterrents (E. B. Arnett, Bat
Conservation International, unpublished data).
We summarize methods for assessing risks to birds and

bats associated with proposed and operational wind-energy
facilities. A number of methods are available to observe
nocturnal activities of birds and bats, including: night-vision
observations, thermal infrared imaging, radar monitoring,
acoustic recordings, and radiotracking (telemetry). Other
research methods, including direct capture, collection of
tissue for stable isotopes and DNA analysis, estimates of
population size and genetic structure, and fatality assess-
ments, provide critical information needed to assess direct,
indirect, and cumulative impacts.

METHODS AND METRICS FOR
OBSERVING NOCTURNAL BEHAVIOR
OF BIRDS AND BATS
Current understanding of where, when, how, and why bats
and nocturnally active birds come into contact with wind
turbines is limited by our ability to observe how they behave
near these structures. Answering some of the most basic
questions requires careful observations with appropriate
methods to assess the nocturnal and seasonal timing of
flight behavior of birds and bats in the vicinity of proposed
and operating wind turbines. No single method or protocol
can be used to unambiguously assess temporal and spatial
variation in natural populations or the impacts of wind
turbines on nocturnally active birds and bats. Each device or
method has its own strengths, limitations, and biases, and
the selection and application of one or multiple methods will
depend on the specific objectives to be addressed. Sufficient
information should be acquired to enable researchers to meet
the stated goals of a proposed study. To avoid misinter-
preting results, assumptions and limitations of each method
must be explicitly acknowledged and evaluated (e.g., Hayes

2000, Gannon et al. 2003). Moreover, individuals charged
with monitoring the activities of birds and bats must be
thoroughly familiar with the operation and limitations of
each method or device before initiating field studies.

Visual Methods for Monitoring Nocturnal Activity
Making meaningful visual observations requires not only
selecting the appropriate methods and equipment (Allison
and De Stefano 2006), but it is essential that temporal and
spatial scales of observations also be included to answer
relevant questions.

Moon watching.—Early investigators used a moon-
watching technique during full-moon periods with clear
skies to observe migratory birds (Lowery 1951, Lowery and
Newman 1955). By directing a telescope of sufficient power
(20–303) toward the full moon during periods of migration,
it is possible to observe silhouettes of birds and bats as they
pass before the illuminated disc of the moon. The primary
limitation of this method is that sampling conditions are
limited to cloudless nights with a full moon.

Ceilometry.—Given the limitations of moon watching,
Gauthreaux (1969) developed a portable ceilometer to
observe low-altitude nocturnal migrations on nights when
the moon was not visible. This method employed an
auxiliary light source (e.g., 100-W lamp) to illuminate a
portion of the night sky that could then be sampled using
binoculars or a spotting scope. This method has been used
to detect large numbers of bird species flying !305 m above
ground level (agl) with 73 binoculars, several bird species
!457 m agl with a 203 telescope, and at detecting larger
passerines (e.g., thrushes) !640 m agl with a 203 telescope
(Gauthreaux 1969).
Able and Gauthreaux (1975) used a ceilometer to quantify

the nocturnal migration of passerines, and expressed the
magnitude of migration as the number of birds per 1.6 km
of migratory front per hour, a metric derived from moon
watching that also is currently used in some radar studies.
Williams et al. (2001) used 300,000 candle power (Cp)
spotlights instead of portable ceilometers for observing
activity of thrush-sized passerines !500 m agl. The ability
to detect airborne targets at night using artificial illumina-
tion diminishes with the square of distance from the
observer and, thus, will depend on the intensity and effective
range of the source of illumination.
Although ceilometers can provide information about

relative traffic rates of nocturnal migrants, the beam of
light samples a very small area relative to the available area
potentially occupied by nocturnal migrants. Additionally,
visible light from the ceilometer tends to attract birds and
insects and, thus, can lead to biased results. This problem
was recognized by Williams et al. (2001), where birds were
observed around dim light scattered from the ceilometer.
Estimates of flight altitude derived from this method also
might be biased due to the greater probability of visually
detecting lower flying birds and the general difficulty of
visually estimating flight altitude. Detection biases associ-
ated with this method have not been objectively quantified.
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Night-vision imaging.—Visual observations that em-
ploy night-vision goggles (NVG) and scopes, powerful (3-
million Cp) spotlights, and reflective infrared cameras have
greatly improved in recent years. Improvements of the NVG
method over earlier visual methods include 1) greater
freedom to follow and identify birds, bats, and insects; 2)
use of both fixed and mobile spotlights that increase the
ability to detect and identify animals correctly; and 3)
infrared filters that eliminate the attraction of insects, birds,
and bats to supplemental sources of visible light.
These improvements have made it possible to identify

small birds and bats aloft at distances !150 m. Mabee et al.
(2006a) used third-generation NVG with a 13 eyepiece
(Model ATN-PVS7; American Technologies Network
Corporation, San Francisco, CA), along with 2 3-million–
Cp spotlights fitted with infrared filters to illuminate flying
targets aloft at a planned wind-energy facility in New York
state. Using this method, Mabee et al. (2006a) viewed the
night sky through NVG and were able to track and identify
moving targets using one stationary spotlight (mounted on a
tripod with the beam oriented vertically) and a mobile
spotlight (handheld with the beam parallel to the fixed
spotlight’s beam; Fig. 1).
For each bird or bat detected, flight direction, flight

altitude, and flight behavior (e.g., straight-line, zig-zag,
circling, hovering) often can be detected. Species identi-
fication, however, is rarely possible using this method. Video
recordings of flight behavior can be recorded and analyzed
repeatedly to determine how birds or bats respond to
moving wind turbines. Metrics produced from NVG images
include proportions of birds and bats observed flying at low
altitudes (!150 m agl, the max. distance that passerines and
bats can be discerned using this method), flight direction,
and relative number of birds and bats observed per hour
(standardized by estimating distance to targets if and when
comparisons among studies are made).
Limitations of the NVG method include variable detect-

ability of animals because of cloud cover, atmospheric
moisture, and the effect of distance on detection. Night-
vision devices, each of which contain photo-multiplier cells,
also produce inherent visual noise, often making it difficult
for observers to distinguish small birds from bats at night,
even within the height of the rotor-swept zone of utility-
scale wind turbines.

Thermal infrared imaging.—In contrast to night-vision
technology, thermal infrared imaging cameras are designed
to detect heat emitted from objects in a field of view without
the need for artificial illumination. The metabolic heat
produced by birds and bats (and some insects) produces a
distinct image against a cooler background (Fig. 2).
Typically, images can be captured at rates ranging from 30
frames to 100 frames per second (fps), depending on the
camera, and digitally recorded to computer hard drives.
Automated detection and tracking algorithms have been
developed that may prove useful for assessing the behavior
of birds and bats flying in the vicinity of wind turbines
(Descholm et al. 2006, Betke et al. 2008).
Several studies have employed thermal infrared imaging

cameras to observe movements of birds and bats flying near
wind-energy facilities. Desholm (2003) and Desholm et al.
(2004, 2006) used a long-wave (7–15 lm) thermal infrared
camera (Thermovision IRMV 320V; Forward Looking
Infrared [FLIR], Boston, MA), deployed as part of the
Thermal Animal Detection System for automatic detection
of avian collisions at an offshore wind-energy facility in
Denmark. This system is triggered automatically when a
target is detected and can be controlled remotely. In
southwest Germany, Brinkmann et al. (2006) used a
Mitsubishi Thermal Imager (IR-5120AII; Mitsubichi
Electric Corporation, Kamakura, Japan) to observe bats in
the vicinity of 2 wind turbines. This thermal camera
operated at short wave lengths (3–5 lm) at 60 fps, and
had a detector array consisting of 5123 512 pixels, and with
a 50-mm, F 1.2 infrared lens, provided a 148 3 118 field of

Figure 1. Method for observing and recording activity of bats and birds at
wind-energy projects using night-vision goggles and 2 supplementary light
sources equipped with infrared filters (B. A. Cooper, Alaska Biological
Research, Inc., unpublished data).

Figure 2. Thermal infrared image of foraging Brazilian free-tailed bats
(Tadarida brasiliensis) in south-central Texas, USA. Warm bats are
distinguished from the cooler background of clear sky and clouds (T. H.
Kunz and M. Betke, Boston University, unpublished data).
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view. With this system, flight patterns of bats could be
distinguished at a distance of 100 m.
Liechti et al. (1995) used a long-range thermal imaging

unit (Long Range Infrared System, IRTV-445L; Inframet-
rics, Nashua, NH) with a 1.458 telephoto lens and were able
to detect nearly 100% of all small passerines within the field
of view at a distance of 3,000 m. The same unit was used in
Sweden to monitor autumn bird migration (Zehnder and
Karlsson 2001, Zehnder et al. 2001) and in Africa, on the
edge of the Sahara desert, to study nocturnal bird migration
(Liechti et al. 2003). Gauthreaux and Livingston (2006)
used a thermal imager (Radiance 1; Amber Raytheon,
Goleta, CA) to study nocturnal migration at Pendleton,
South Carolina, and Wallops Island, Virginia, USA, when
weather conditions (no rain and relatively clear skies)
allowed data collection. Daylight observations were made
at McFaddin National Wildlife Refuge, Texas, USA. This
thermal imaging camera, with a 100-mm lens, and a field of
view of 5.578 (horizontal screen dimension) and 4.198
(vertical screen dimension), recorded data at 60 fps, and
yielded an image of 482 3 640 pixels at full-screen
resolution. A vertically directed thermal imaging camera
and a fixed-beam vertical pointing Pathfinder radar, Model
3400 (Raytheon Inc., Manchester, NH) was used with a
parabolic antenna (61-cm diam) that produced a beam
width of 48 to monitor bird, bat, and insect movements
based on the characteristics of tracks in the video images and
the altitude of the target derived from the radar unit. Data
from the thermal imaging camera and radar were combined
into a single video image and stored on digital videotape.
This approach produced quantitative data on migration
traffic at several altitudinal bands and made it possible for
the investigators to distinguish birds from insects and
foraging bats.

Horn et al. (2008) deployed 3 FLIR Systems S-60,
uncooled, microbolometer thermal infrared cameras (FLIR,
North Billerica, MA), with matched and calibrated 258
lenses to observe the behavior of bats in the vicinity of
operating wind turbines at the Mountaineer Wind Energy
Center in the Mid-Atlantic Highlands, West Virginia (Fig.
3). Data were captured at a rate of 30 fps and recorded
directly to external 250-gigabyte hard drives that were
connected to laptop computers. Horn et al. (2008) showed
that bat activity near wind turbines during August was
highly variable on a nightly basis, with most of the activity
of bats occurring during the first 2–3 hours after sunset (Fig.
4). Although airborne insects were most active in the first
several hours after sunset, their activity was highly variable.

Figure 3. Configuration of 3 thermal infrared cameras for recording nightly
observations of airborne targets (i.e., bats, birds, and insects) at the
Mountaineer Wind Energy Center in Tucker County, West Virginia, USA.
Cameras are positioned 30 m from the turbine base and pointed directly
upwind and perpendicular to the plane of blade rotation. Observed bats,
birds, and insects were classified into high, low, and medium categories
corresponding to flight elevation above ground level (from Horn et al.
2008).

Figure 4. The distribution of activity during the night for bats, birds,
insects, and unknown objects recorded with thermal infrared cameras from
2030 hours to 0530 hours at the Mountaineer Wind Energy Center, Tucker
County, West Virginia, USA, August 2005 (from Horn et al. 2008).

Figure 5. A time-lapse series of 21 sequential frames of thermal infrared
video of a medium-height bat immediately before and after collision with
an operational wind turbine recorded on 14 August 2004 at the
Mountaineer Wind Energy Center, Tucker County, West Virginia,
USA. The bat approached the moving blade on a curving trajectory before
contact, but its heading and speed changed rapidly as the bat accelerated
toward the ground. Only the single frame of video in which contact
occurred is shown for clarity (from Horn et al. 2008).
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Horn et al. (2008) suggested that the probability of being
struck by moving turbine blades (Fig. 5) could be predicted
by a combination of insect activity aloft and nightly weather
conditions. In addition to bats struck directly by moving
turbine blades, Horn et al. (2008) also observed flying bats
investigating moving rotors and the monopole. Bats some-
times alighted upon and appeared to explore the monopole
and rotor blades, suggesting that they may be attracted to
these structures.
Results from thermal infrared imaging cameras ideally

should be compared with other methods including radar and
acoustic detection for monitoring bird and bat movements
in the lower atmosphere at the height of wind turbines
(Liechti et al. 1995, Gauthreaux and Livingston 2006).
Many of the limitations of other visual methods are
common to thermal infrared imaging, but the latter method
also incurs a relatively high cost with large data-processing
requirements. Current costs for the purchase of suitable
thermal infrared cameras ($60,000–200,000) are expected to
decrease in the near future.

Light tagging.—Small chemiluminescent light tags or
mini glow sticks offer the potential for observing the flight
behavior of individual bats in the vicinity of proposed and
operational wind-energy facilities. Light tags have been used
to mark bats for investigations of roosting and foraging
behavior (Barclay and Bell 1988, Kunz and Weisse 2008).
Small, chemiluminescent capsules (2 3 11 mm), manufac-
tured as fishing lures, make excellent temporary light tags
for marking and observing bats at night. Battery-powered
light-emitting diodes (LEDs) also can be used for marking
and observing bats flying at night (Barclay and Bell 1988,
Kunz and Weisse 2008). Depending upon the size of the
battery and the oscillation frequency of LEDs, such tags can
last up to 14 days. Commercially produced LED tags are
available in green and red light and are relatively small (33
12 mm and 1.0 g), with the battery and circuitry
encapsulated in inert waterproof epoxy (Holohil Systems
Ltd., Carp, ON, Canada).
Chemiluminescent tags and LEDs should be attached to

the mid-dorsal region of bats with SkinBonde surgical
adhesive (Smith & Nephew, Largo, FL). Attaching light
tags to the ventral surface of bats should be avoided, because
a tag in this position may interfere with females if they have
dependent young. Buchler (1976) and Buchler and Childs
(1981) used chemiluminescent light tags to assess the
dispersal, commuting, and foraging behavior of insectivo-
rous bat species. Other investigators (e.g., LaVal and LaVal
1980, Aldridge and Rautenbach 1987) have used chem-
iluminescent and LED tags with the greatest success when
observations were made in open areas, in flyways, and along
forest edges and, thus, such tags may be particularly valuable
for observing bats in the vicinity of wind turbines.
Use of chemiluminescent light tags may offer opportu-

nities to observe the behavior of bats in response to sounds
produced by moving wind-turbine blades or to insects that
may attract bats to these structures (NRC 2007). Buchler
and Childs (1981) attached light tags to big brown bats

(Eptesicus fuscus) and found that individuals navigated to
feeding grounds by following acoustic cues produced by
calling frogs and stridulating insects. Light tags also can be
used to follow individuals while their echolocation calls are
monitored with ultrasonic detectors and, thus, can be used
to validate species-specific calls (J. Swewczak, Humboldt
State University, personal communication).
The primary limitation of chemiluminescent tags is that

they remain illuminated only for a few hours. By contrast,
LED tags can last upwards of 2 weeks. Another limitation is
that bats often fly rapidly beyond the field of view, and
generally cannot be followed in heavily forested areas.
Moreover, in some instances light-tagged bats may be
difficult to distinguish from flashing fireflies. More recent
evidence suggests that bats carrying light tags may interfere
with the social interactions of roosting bats (Kunz and
Weisse 2008).

Analysis of visual data.—With the exception of data
derived from light tags, visual-based surveys of bat activity
using ceilometers, night vision, and thermal imaging
cameras should report number of passes per recording hour
or mean number of passes per recording hour. For
consistency and comparison, recording time should be
normalized to minutes past sunset. This protocol facilitates
pooling and comparing data throughout a season or across
multiple seasons (Horn et al. 2008). In addition to assessing
overall activity, data should be documented by date, camera
type, and lenses used to characterize temporal or spatial
peaks in activity. Data on bat, bird, and insect activity
derived from thermal infrared imaging or other visual
methods should be compared with meteorological data to
establish potential effects of these variables on relative
abundance and nightly and seasonal activity.

Radio Detection and Ranging (Radar)
Radio detection and ranging (radar) has been used for over
half a century to investigate nocturnal flight activity of birds,
insects, and bats (Eastwood 1967, Vaughn 1985, Gau-
threaux and Belser 2003, Larkin 2005, NRC 2007).
However, only recently has this technology been used to
evaluate the activity of airborne targets in the vicinity of
wind-energy facilities (Mabee and Cooper 2004, Desholm
et al. 2006, Gauthreaux and Livingston 2006, Mabee et al.
2006a, b). Radar operates by transmitting pulses of electro-
magnetic radiation (radio waves) and then receives the waves
that reflect back from an object (e.g., insect, bird, bat, plane,
or ship). Radio waves travel close to the speed of light and
the distance to the object is, thus, related to the time lapse
between transmission and reception of the echo. Detection
of objects at a distance depends upon many factors,
including area of the radar cross-section of the object, and
the wavelength and power output of the radar. For birds,
this distance may vary from a few hundred meters when
using the smallest marine radars to .200 km in the case of
long-range weather surveillance radars. For more details on
theory and operation of radar, see Skolnik (1990) and
Larkin (2005).
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Weather surveillance radar.—Weather Surveillance Ra-
dar-1988 Doppler, also known as Next Generation Radar
(NEXRAD) provides a network of weather stations in the
United States operated by the National Weather Service
(NWS), making it possible to monitor movements of
insects, birds, and bats that move over large areas (i.e.,
within approx. 200 km). The United States military, local
television stations, and municipal airports use similar
weather radar systems, but data generated by these
installations generally are not available to researchers. Data
generated by the NWS-operated NEXRAD facilities can be
downloaded free of charge via the Internet. Data generated
from these weather surveillance radars can be used to
determine general migratory patterns, migratory stopover
habitats, roost sites, and nightly dispersal patterns (Fig. 6),
and to assess the effects of weather conditions on these
behaviors (Diehl et al. 2003, Gauthreaux and Belser 2003,
Diehl and Larkin 2004, Horn 2007, NRC 2007).
However, NEXRAD cannot be used to characterize high-

resolution passage rates or altitudinal data over small spatial
scales (the min. resolution is 183 250 m, which is about 0.2
km2 at 40-km range). The high resolution of NEXRAD
often makes it difficult to filter out insect noise from data on
birds and bats because it does not provide information on
individual targets. Owing to the curvature of the earth and
resultant shadows (e.g., areas behind hills or other objects
that shield targets from radar), NEXRAD radar cannot
provide spatial coverage at or below wind turbine height.
Notwithstanding, NEXRAD can be a valuable tool for
assessing spatial and temporal patterns of daily and nightly
dispersal of birds and bats (Russell and Gauthreaux 1998,
Diehl et al. 2003, Kunz 2004, Horn 2007; Fig. 7).

Tracking radar.—Tracking radar systems, originally
designed to lock onto and follow targets such as aircraft or
missiles, can provide information on flight paths of
individual insects, birds, and bats (including altitude, speed,
and direction) including wing-beat signatures to discrim-
inate these taxa while in flight (Fig. 8). Several applications
using tracking radar have been described for birds (Able
1977, Kerlinger 1980, Larkin 1991, Bruderer 1994, Liechti
et al. 1995), bats (Bruderer and Popa-Lisseanu 2005), and
insects (Drake 1985, Drake and Farrow 1989, Wolf et al.
1995, Chapman et al. 2004, Geerts and Miao 2005). To
date, tracking radar has not been commonly used to assess
movements of birds and bats at wind-energy facilities
because 1) this instrument does not provide a broad view of
migration over a given site, 2) it is not widely available, and
3) it is difficult and expensive to maintain and repair.

Marine radar.—Marine (X-band) radar systems were
originally designed for use on moving boats, but they also
have been used as mobile units on land for research and
monitoring of airborne targets, including passage rates,
flight paths, flight directions, and flight altitudes of
nocturnal migrating targets. Mobile marine radar laborato-
ries often consist of units that are mounted on top of a
vehicle, trailer, or on a ground-based platform (Fig. 9).
When the antenna is in the horizontal position (i.e., in

surveillance mode), the radar scans the surrounding area and
can be used to collect information on flight direction, flight
behavior, passage rates, and ground speeds of targets (Table
1). When the antenna (or a second antenna, if unit is
equipped with 2 radars) is placed in the vertical position
(i.e., in vertical mode), it can be used to measure flight
altitudes (Table 1). Configurations of marine radar antenna
also can be modified to measure flight altitudes with a
parabolic dish (Cooper et al. 1991, Gauthreaux 1996) or by
a horizontal antenna configured in a vertical position
(Harmata et al. 1999).
Marine radars have been used at several proposed and

operational wind-energy facilities in the United States. The
principal advantage of these systems over Doppler and
tracking radars is that they are relatively inexpensive, are
available off-the-shelf, require little modification or main-
tenance, have repair personnel readily available worldwide,
are dependable and easy to operate, are highly portable (can
mount on vehicles, boats, or small platforms on land), have
high resolution, and can be modified to collect altitudinal
information by changing their broadcast to a vertical mode.
Largely because of these factors, most research and

monitoring studies conducted on birds and bats have been
accomplished using marine radar systems (Harmata et al.
1999, Cooper and Day 2004, Mabee and Cooper 2004,
Desholm et al. 2006, Mabee et al. 2006a). However, like
NEXRAD, marine radar generally is not capable of
differentiating bird and bat targets. Although it has long
been assumed that marine radar can be used to document
the presence and flight activity of bird targets (Cooper and
Day 2003, Mabee and Cooper 2004, Raphael et al. 2002,
Day et al. 2005), researchers have recently acknowledged
that images derived from marine radar targets also include
bats (Gauthreaux and Livingston 2006, Larkin 2006).
Numerous preconstruction studies have used marine radar

to estimate passage rates and altitudinal distributions of
migrating targets (Mabee and Cooper 2004, Mabee et al.
2006b). Typically, a single radar unit is deployed at a central
location on a wind-energy project area to maximize
observable airspace for 30–45 days during spring (approx.
1 Apr through late May) and autumn (approx. early Aug
through early Oct) migration periods. Rarely have portable
radar units been deployed for a full annual cycle associated
with wind-energy projects, and rarely have radar-sampling
protocols been designed to address specific research
hypotheses. Most monitoring studies of airborne targets
near proposed or operational wind-energy facilities have
deployed marine radar between civil sunset and 0230 hours,
assuming this to be the peak period of nocturnal migration
for birds on a given night (Gauthreaux 1972, Kerlinger
1995, Mabee et al. 2006b).
Objectivity and accuracy in identifying flying animals at

night is a major challenge when using radar (Larkin 1991).
Differentiating among various targets (e.g., birds, bats, and
insects) is central to any biological radar study. However,
because flight speeds of bats overlap with flight speeds of
passerines (i.e., .6 m/sec; Larkin 1991; Bruderer and Boldt
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2001; B. A. Cooper and R. H. Day, Alaska Biological
Research [ABR, Inc.]), unpublished data), generally it is not
possible to separate bird targets from bat targets based solely
on flight speeds. Foraging bats sometimes can be separated
based on their erratic flight patterns. However, migratory
bat species and those that do not engage in erratic flight
behavior while foraging may be indistinguishable from
migratory songbirds on radar. Visual verification of a sample
of radar targets can be accomplished using night-vision
devices or thermal imaging cameras and information on the
proportion of birds versus bats from a site within the zone of

radar coverage can be related to the radar targets
(Gauthreaux 1996; Gauthreaux and Livingston 2006; B.
A. Cooper and T. Mabee, ABR, Inc., unpublished data).
Use of double-sampling or other quantitative methods for
estimating detection probabilities (e.g., Program DIS-
TANCE [Anderson et al. 1999]) should be used in such
studies to characterize detection biases.
Because insects also are detected with marine radar, it may

be necessary to reduce or eliminate the radar signals from
insects if both birds and bats are the targets of interest.
Reflectivity from insects in radar surveillance can be reduced
by filtering out all small targets (grain size) that only appear
within approximately 500 m of the radar and targets with
poor reflectivity (i.e., targets that move erratically or
inconsistently at locations with good radar coverage) and
by editing data prior to analysis by omitting flying animals
with corrected airspeeds ,6 m per second (Diehl et al.
2003). Application of a 6-m/second–airspeed threshold is
based on radar studies that have determined most insects
have airspeeds of ,6 m per second, whereas flight speeds of
birds and bats usually are !6 m per second (Larkin 1991;
Bruderer and Boldt 2001; B. A. Cooper and R. H. Day,
unpublished data).
Energy reflected from the ground, surrounding vegetation,

and other solid objects that surround the radar unit typically
creates ground-clutter echoes that appear on display screens.
Ground clutter can obscure targets, although it can be
minimized by elevating the forward edge of the antenna and
by siting the radar unit in locations that are surrounded
closely by low vegetation, hills, and anthropogenic struc-
tures. These objects act as radar barriers by shielding the
radar from low-lying objects further away from the radar,
while producing only a small amount of ground clutter in

Figure 6. Composite of 8 Next Generation Radar (Weather Surveillance
Radar-1988 Doppler) images taken at the lowest elevation angle (0.58) on a
typical night of widespread migratory activity in the mid-western USA, 1
October 1998. All pixels that are not background color (gray) are radar
echoes from a mixture of flying birds, bats, and insects. Because of Earth’s
curvature, the radar beam is so high at a certain distance (range) that it no
longer detects flying animals, thus producing a roughly circular echo around
each radar installation. Green circles show the approximate maximum radar
range at which flying animals can be detected at or below the height of the
top of the rotor sweep of a modern wind turbine. Radar echoes outside
those circles are higher than a wind turbine. Typical of such images from
large radars, no flyways or migratory corridors are visible (R. H. Diehl,
University of Southern Mississippi, unpublished data).

Figure 7. Next Generation Radar (Weather Surveillance Radar-1988
Doppler) images of Brazilian free-tailed bats (Tadarida brasiliensis)
dispersing nightly from selected cave and bridge roosts in south-central
Texas, USA, 18 July 1997. Similar images can be observed when colonial
birds disperse from roosting sites early in the morning. Such images make it
possible to identify major roosts but also show directions and relative
densities of dispersing bats or birds. Data were recorded at an elevation
angle of 0.58 (from Kunz 2004).
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the center of the display screen (Eastwood 1967, Williams et
al. 1972, Skolnik 1990, Cooper et al. 1991, Larkin 2005).
Simultaneous deployment of marine radar with other

methods (e.g., night-vision devices, thermal infrared imag-
ing, and acoustic detectors) should improve our knowledge
of nocturnal species activity and our ability to estimate
exposure (i.e., use and risk) at proposed sites, and is likely to

improve our ability to distinguish birds from bats during
monitoring efforts. Species composition and size of bio-
logical targets observed with marine radar is usually
unknown. Thus, the term target, rather than flock or
individual, is currently used to describe animals detected
with marine radar. Occasionally, there are situations where a
particular species has unique flight patterns that make it
possible to identify species-specific targets. For example,
marbled murrelets (Brachyramphus marmoratus) can be
identified on radar with a high degree of accuracy at inland
nesting locations (Hamer et al. 1995; Burger 1997, 2001;
Cooper et al. 2001, 2006), and Hawaiian petrels (Pterodroma
sandwichensis) and Newell’s shearwaters (Puffinus auricularis
newelli) were identified as they dispersed to and from
colonies in Hawaii (Day and Cooper 1995, Cooper and Day
2003, Day et al. 2003). However, such results should be
verified with simultaneous acoustic and visual observations.
For studies using marine radar, independent confirmation of

Figure 9. Mobile marine (X-band) laboratory equipped with capacity for
vertical and horizontal antenna positions (B. A. Cooper, Alaska Biological
Research, Inc., unpublished data). Depending upon specific applications,
the antenna can be aligned in a horizontal (for assessing direction and
passage rate) and vertical mode (for assessing altitude).

Table 1. Comparison of flight directions, overall passage rates, and flight altitudes of radar targets at central and other sites near Mt. Storm, West Virginia,
USA, during autumn 2003 (n¼ no. of nights surveyed).

Variable

Comparison site Central site Test statisticsb

Site n x̄ Dispersiona x̄ Dispersiona Z W P

Flight direction Northern 18 1978 0.58 1778 0.56 1.40 0.496
(degrees) Southern 22 1918 0.53 2078 0.42 1.06 0.588

Eastern 19 1938 0.91 1788 0.31 19.25 ,"0.001
Western 17 2198 0.70 1918 0.36 3.23 0.199

Passage rate Northern 17 225 57 292 66 "1.49 0.136
(targets/km/hr) Southern 21 168 31 239 37 "1.96 0.050

Eastern 21 54 10 220 52 "3.77 ,"0.001
Western 20 127 22 230 47 "2.70 0.007

Flight altitude Northern 16 448 29 439 37 "0.52 0.605
(m above ground level) Southern 21 447 31 467 33 "0.57 0.566

Eastern 16 509 23 427 41 "2.02 0.044
Western 17 436 20 472 30 "0.97 0.332

a x̄ vector length (r) for directional data; SE of the x̄ for passage rates and flight altitudes.
b Test statistics are for Wilcoxon paired-sample test (Z) and Mardia–Watson–Wheeler (Uniform Scores) test (W).

Figure 8. A composite of 10 paths of flocks of waterfowl in late autumn
recorded with an instrumentation tracking radar (WF-100) at the Illinois
Natural History Survey, USA, recorded 6 December 2006. North is at the
top and tic marks are at 1-km intervals. The start of each path is marked
with a square. The average error (SE of a linear fit) is ,0.4 m for the
straight paths; irregularities are largely due to flocks that were partly
obstructed by intervening buildings. The northwestern-most track, which is
nonlinear, is a flock descending through a dry, micro-weather front. Echo
size and modulations (not shown), verification from Doppler radar KILX
(Lincoln, Illinois), and time of day and year helped establish the identity of
these targets (R. P. Larkin, Illinois Natural History Survey, unpublished
data).
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species identity is needed if species-specific information is
being reported.
A concern common to all marine radar studies is that there

are locations where even a skilled and experienced radar
operator cannot find a suitable sampling site because the
zone of primary interest (i.e., at or below turbine ht) is
obscured by shadow zones of radar or areas of ground
clutter. One of the most important and difficult-to-learn
aspects of using marine radar is the selection of sampling
locations. The site chosen has important implications for
data quality and comparability among sites. Sites must be
chosen where ground clutter and shadow zones do not
obscure or omit important portions of the study area. One
additional technique that allows greater flexibility in siting is
to mount the radar on a lift that can be elevated to a desired
height above surrounding vegetation (Cooper and Blaha
2002). This technique is particularly useful in relatively flat,
heavily wooded areas. To ensure reliable data acquisition, all
radar devices must be calibrated before being deployed in the
field and users must be fully trained in field-sampling
techniques to ensure reliable data collection.

Case study I: nocturnal migration at the Mount Storm
wind project.—Mabee et al. (2006b) used a portable marine
radar system in 2003 to collect information on the migration
characteristics of nocturnal birds (particularly passerines)
during the autumn migration period in the vicinity of the
Mt. Storm Wind Power Project in West Virginia. The
objectives were to 1) collect and compare information on
flight directions, migration passage rates, and flight altitudes
of nocturnal migrants at multiple sites near or within this
proposed development; 2) determine if nocturnal bird
migration occurred in a broad front; and 3) determine if
nocturnal migrants follow the Allegheny Front ridgeline
within the proposed project area.
The study design involved using one marine radar at a

central site (sampling approx. 6 hr/night) and a second radar
unit that could be moved between 4 secondary sites (i.e.,
northern, southern, eastern, or western locations) and

sampled approximately 2.5–3 hours per site per night. All
paired comparisons were made with concurrent data from
the central site. Observer assignments and starting locations
of the second mobile radar laboratory were varied system-
atically to minimize bias among sites and observers. Flight
directions and altitudes at sites along or near the ridgeline
were not different from each other, but significant differ-
ences in passage rates were observed among some of these
sampling sites (Table 1). These data demonstrated that
nocturnal migrants crossed rather than followed the
Allegheny Front ridgeline (Mabee et al. 2006b).

Case study II: nocturnal bird migration at the Stateline
wind project.—Situated on privately owned dryland agricul-
tural and grazing land, the Stateline wind-energy facility
consisted of 454 Vestas V-47 wind turbine (Danish Wind
Technology, Ringkøbing, Denmark) rated at 660 kW each,
with 273 turbines located in Walla Walla County,
Washington, USA, and 181 turbines located in Umatilla
County, Oregon, USA. Several studies were conducted by
Mabee and Cooper (2004) to meet the permit requirements
in Oregon (state permitting process) and in Washington
(county permitting process). After the original permits were
granted, the developer (Florida Power and Light Energy
[FPLE]) sought an amendment of its county permit in
Washington to build strings farther to the north and closer
to the Columbia River. Based on negotiations with the Blue
Mountain Audubon Society, a condition of permit approval
was granted that required FPLE to support these nocturnal
studies. The results of this research were evaluated by a
technical advisory committee to determine whether the risk
associated with siting turbines in this area was tolerable.
The specific hypotheses tested were that the mean flight

altitudes and mean target rates were the same near the area
where the new turbines were proposed compared to the
altitudes and passage rates observed at a control area to the
south, away from the Columbia River. To test this
hypothesis, 2 marine radar units were used concurrently
during 2 autumn and one spring period for 6 hours per night
per radar (Mabee and Cooper 2004). Mean passage rates
and flight altitudes were compared between the 2 locations
using the nonparametric Wilcoxon signed-rank test (Tables
2, 3). No significant differences between mean passage rates
and flight altitudes were determined between the 2 locations
(Tables 2, 3).

Emerging radar technologies and applications.—The
National Aeronautics and Space Administration recently
developed high-resolution polarimetric weather radar
(NPOL) that promises to be more useful for studying
movements of birds and bats than NEXRAD. Because of its
high resolution, NPOL can be used to collect data on
individual targets and potentially discriminate between
insects, birds, and bats. More recent developments of
Collaborative Adaptive Sensing of the Atmosphere (Uni-
versity of Massachusetts, Amherst, MA) have designed a
series of Distributed Collaborative Adaptive Sensing net-
works that will sample the atmosphere at altitudes below
those typically detected with NEXRAD. Use of data

Figure 10. Vertical distribution of airborne fauna, recorded using vertically
pointing profiler radar on 15 April 1994. Note that targets identified as
insects drop markedly in altitude in the period before sunset until 2400
hours. Most of the larger targets (assumed to be migrating birds and bats)
are active at a wide range of altitudes (McGill University, Montreal, Canada
2000).
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generated using Multiple Antenna Profiler Radar (MAPR)
also holds considerable promise for characterizing temporal
and elevational profiles of insects, birds, and bats during
clear air periods. A MAPR is an advanced radar system
being developed at the National Center for Atmospheric
Research and Earth Observing Laboratory to make rapid
wind measurements of targets within the Earth’s boundary
layer (Fig. 10). These and other recent radar developments
(NRC 2002, Larkin 2005) promise to advance future
research on the behavior and activity of airborne organisms,
including those in the vicinity of wind-energy facilities (A.
Kelly, DeTect, Inc., personal communication).

Acoustic Monitoring of Birds
Ornithologists have long used acoustic monitoring of
nocturnal migrants to better understand bird migration
(Libby 1899, Ball 1952, Graber and Cochran 1959,
Balcomb 1977, Thake 1981). With the publication of
type-specimen (archived) flight calls annotated by experts
(Evans and O’Brien 2002), the practice of listening to flight
calls of birds at night has broadened from being an academic
to a practical method of monitoring bird migration
(reviewed in Farnsworth 2005).
Because nocturnal calls of passerines (songbirds) are heard

most frequently, research has centered on this group
(Palmgren 1949, Svazas 1990, Farnsworth 2005). However,
birds such as upland sandpiper (Bartramia longicauda) and
woodcock (Scolopax minor) also produce calls at night.

Equipment requirements.—Any outdoor acoustic study
poses challenges for sensors and cables, including moisture,
vandalism, lightning, and physical abuse. Exclusive of
supports such as masts, towers, and kites required to elevate,
stabilize, and shelter a multi-microphone array, equipment
for an acoustic study of birds involves the following:
More than one microphone is necessary to obtain

information on location and flight altitude. An ideal
microphone offers good sensitivity (current generated by
slight changes in pressure), low internal noise level (e.g., low
hum, shot noise, and crackle inside the electronic equip-
ment), resistance to extremes of moisture and temperature,
and affordable cost. Sensitivity usually is desired more in one
direction than others. A good directional microphone
(which varies by cost and portability) will greatly amplify
sounds arriving on its axis and be less sensitive to sounds
from other directions. Any microphone used for bird flight
calls should be sensitive to sounds ranging from about 10
kilohertz (kHz) to 1.5 kHz, preferably lower. Preamplifiers
are placed close to microphones to amplify weak electrical
signals from the microphone to a level that can be
transmitted to a recording device without distortion.
Preamplifiers require power to operate, and most will
function for an entire night or longer on a set of small
batteries.
Unless all equipment is bundled, good weatherproof cables

are necessary, not optional, for outdoor work. A complete
set of replacement cables will eventually save a night’s worth

Table 2. Mean nocturnal rates of movement (targets/hr 6 1 SE) of all targets observed during short-range radar sampling (1.5 km) at Hatch Grade,
Washington, USA, and Vansycle Ridge sites, Oregon, USA, during autumn 2000, spring 2001, and autumn 2001. (n¼ no. of concurrent sampling nights).

Season

Movement rate Wilcoxon signed-ranks test

Location x̄ SE N Z N P

Autumn 2000 Hatch Grade 58.1 6.3 23
Vansycle Ridge 53.1 5.7 23 "0.08 23 0.94

Spring 2001 Hatch Grade 135.3 19.9 43
Vansycle Ridge 144.8 18.6 43 "1.2 43 0.23

Autumn 2001 Hatch Grade 64.8 7.6 23
Vansycle Ridge 78.8 7.5 23 "2.18 23 0.03

Table 3. A comparison of mean nocturnal flight altitudes (m above ground level6 1 SE) of targets observed during vertical radar sampling (1.5-km range) at
Hatch Grade, Washington, USA, and Vansycle Ridge, Oregon, USA, during spring and autumn, 2001. Mean altitudes are calculated from total number of
targets (ntotal), whereas tests are based on the number of sampling nights (nnights). Test statistics are Mann–Whitney (U) and Wilcoxon signed-rank (Z)
values.

Season

Flight altitudes Test results

Location x̄ SE ntotal U Z nnights P

Intraseasonala

Spring 2001 Hatch Grade 505.6 4.7 6,296
Vansycle Ridge 578.5 4.8 6,521 181.0 40 0.64

Autumn 2001 Hatch Grade 647.4 7.0 2,172
Vansycle Ridge 605.6 7.5 2,553 "1.60 14 0.11

Interseasonal
Spring 2001 Hatch Grade 454.8 33.9
Autumn 2001 Hatch Grade 649.4 21.9 45.0 36 ,0.01
Spring 2001 Vansycle Ridge 481.1 36.3
Autumn 2001 Vansycle Ridge 610.8 27.9 69.0 32 0.03

a One FR-1510 vertical radar alternated between sites (spring 2001), whereas 2 radars sampled concurrently during autumn 2001.
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of data. Alternatively, an elevated acoustic sensor (micro-
phone þ preamplifier) might be used to transmit a radio
signal to a nearby receiving station on the ground. Digital
devices such as high-density computer disks are an attractive
substitute for the formerly used audiotape or video home
system (VHS) videotape. Changing batteries and starting
and stopping recording devices can involve substantial
personnel costs if many units are deployed. Postconstruction
studies may have line power available from wind turbines.
In field applications, the most serious problem will often

be the masking of flight calls by ambient noise, including
wind noise, insects, wave noise, and turbine nacelle and
rotor noise (for postconstruction studies). Because research-
ers prefer to block spurious reflections into the microphone,
the interior of any sound barrier should be made of a
nonreflective surface. (Hay bales and closed-cell foam are
excellent for absorbing extraneous sounds.) Because most
flight calls of interest are produced at moderately high
frequencies (.1.5 kHz), sound barriers should be nearly
airtight to prevent sound from passing through small
openings. Widescreen, open-cell foam is often used to
reduce wind noise when sound transducers are exposed to
wind.

Acoustic identification of calling songbirds.—Early studies
regarded species identification of flight calls at night to be
more art than science. More recently, intensive fieldwork
has enabled researchers to identify many individual species
and a few broader groups of similar-sounding species, but
confidence in identification largely depends on the skill of
the individuals conducting the studies. Whereas some
nocturnal flight calls of birds are easy to identify because
they are identical to well-known and distinctive ones heard
during the day, discriminating groups of species with flight
calls that are similar-sounding to the ear and similar-looking
on sonograms is a major challenge that calls for more
sophisticated analyses of flight calls beyond detailed changes
in acoustic frequency and bandwidth over time. For
example, song recognition in some Catharus thrushes
appears to be accomplished largely by sensing the sound
frequency (pitch) ratio of different notes to each other
(Weary et al. 1991).
For most field studies relying on acoustic monitoring of

bird calls, an important cost question is whether an expert
listener will spend hundreds of hours listening to and
classifying recordings or if sophisticated voice-recognition
software will be used to speed or perhaps assume that task
(Larkin et al. 2002). If project design requires a compre-
hensive analysis of nocturnal flight calls, only partial
automation is technologically realistic at the present time.
Recent developments in recognition of animal vocalizations,
particularly bird song and cetacean sounds, may in the future
be adapted for classification of bird calls made in flight
(NRC 2007). However, computer methods used to sort
flight calls also rely on expert-system algorithms and the
experts who develop and refine them. Flight calls that are
readily identifiable with confidence include some species of

conservation concern (Russell et al. 1991), especially species
whose populations are declining.

Enumerating nocturnal songbirds.—Quantification of
flight calls of migrating songbirds from acoustic recordings
has suffered partly because, even when one can enumerate
the calls from various identified species, the volume of air
being sampled is difficult to estimate for calls of poorly
known intensity (i.e., loudness). However, if researchers
concerned with wind power and wildlife issues and using a
good acoustic recording system know that flight calls are
within the rotor-swept zone, they can state that those calls
are at most about 125 m above the ground for a modern,
onshore, utility-scale wind turbine. At such distances,
neither spreading loss nor atmospheric absorption should
be important. Assuming that ambient noise is acceptable,
such distances should provide good signal-to-noise ratios,
and careful measurement of the directionality of the
microphones should permit calculation of the sampling
volume. If the passage rate of birds over or among the
microphones and within the useful range of heights can also
be measured (e.g., using marine radar), and calls per rotor
area per time can be estimated.
The numbers of calls vary over the course of a night.

Variables include temporal variation from the ground (as
birds gain or lose ht), numbers of migrants of different
species above a microphone at different times, time-varying
shadows of large bodies of water from which no land birds
took flight at sunset (W. R. Evans, OldBird, Inc., personal
communication), and temporal variation in the rate of
calling of individual birds. Like other methods of monitor-
ing nocturnal migrant birds, there is also high variability in
the number of calls heard among nights, so that sampling
must be conducted over an extended period to achieve
confidence in the results (Evans 2000, Howe et al. 2002).
Not all migrating passerines produce calls at night, and
those that do may not call when they pass over a
microphone.
To reliably estimate bird abundance or, more ambitiously,

species numbers flying past wind turbines or potential wind
turbines, one must count birds, not just flight calls (Lowery
and Newman 1955). How often do birds of each species
call? What is the relationship between the number of
animals and the number of calls (when some animals are
silent) and calls per animal (when animals vocalize more
than once in the microphone range)? Little is known about
the calling rate of migrating birds at night, and no biological
theory exists even to formulate an hypothesis. Some
observers report binaural tracking of a series of same-
sounding notes in the dark, as if a single migrant were
calling at intervals passing overhead, indicating that multiple
calls from one bird do occur. By contrast, radar data show
many more targets aloft than one hears from the ground;
thus, most birds (including whole groups of species;
reviewed in Farnsworth 2005) apparently do not regularly
produce flight calls.
This conundrum is ameliorated by recent radar work

showing that, in some instances, numbers of radar targets are
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correlated empirically with numbers of recorded flight calls
(Evans 2000, Larkin et al. 2002, Farnsworth et al. 2004),
indicating that flight calls may provide an index of migratory
activity, at least in some circumstances. However, the basis
for such correlations are yet to be discovered (Larkin et al.
2002), and currently there is no way to know if the finding
can be applied generally or only in some situations.

Flight altitude.—Birds at night typically are not
vulnerable to wind turbines unless they are in the height
range of the rotor-swept zone, or when they are descending
to ground level or taking off from the ground. Migrating
birds in cruising flight often fly higher than the height of
existing wind turbine rotors, and nocturnal aerial displays of
birds often do not reach rotor height, with possible
exceptions during inclement weather, take-offs, and land-
ings. Bats may fly upward or downward toward wind
turbines, but migrating birds do not seem to be attracted to
them. However, assignment of flight altitude (agl) is
challenging at best. It is not possible to localize a sound
using a single microphone. A single-directional microphone
is even poorer because the source of a sound that registers
faintly may be on the axis of high sensitivity at a great
distance or off the axis but still nearby.
More than one microphone and an accurate multi-channel

recording or registering device can help detect the calls of
flying birds (Evans 2000). If the signal to noise ratio is
adequate, the difference in arrival latency of a flight call at
different microphones separated in space can help locate the
bird making the call. For locating a sound in N dimensions,
one needs high-quality sounds on N!1 microphones.
Although marking a distinctive feature of a single call on
multiple sonograms and measuring between the marks is
often accurate enough, cross-correlation among several
identical microphones generally produces better latency

measures and better estimates of height, especially when a
call contains no distinctive features.
A variant of this technique was used to estimate, or in rare

cases measure, altitudes of birds flying over a prospective
wind-energy facility in Nebraska, USA (Howe et al. 2002).
Investigators used differences in sound arrival-times at 2
microphones vertically aligned at different altitudes on an
open-framework tower, permitting conclusions about the
altitudes of the calling birds.
Creative and complex variations on the multi-microphone

approach include measuring the Doppler effect at each
microphone, suspending additional microphones on aerial
platforms (e.g., kite balloons), and using several calibrated
directional microphones. For example, consider 2 directional
microphones both positioned within the rotor-swept zone,
spaced one above the other and aimed horizontally in the
same direction. Any loud flight call arriving approximately
simultaneously at the 2 microphones (depending on their
spatial separation) should be from a bird at rotor height,
either relatively close to the microphone or in the direction
in which they are aimed.
Researchers using single microphones often report an

estimated maximum effective range of the microphone for
sounds such as bird calls, but fail to distinguish among birds
flying above, within, or below rotor height. In this case, the
acoustic recordings are of little value except to provide a
partial species list of which kinds of birds are overhead,
which kinds vocalize on a given night, and to what degree
they vocalize. Moreover, flight calls of different species
contain sound frequencies that attenuate at very different
rates in the atmosphere and, thus, are audible at different
maximum distances (see below) and rates of calling are
sometimes related to cloud cover and perhaps cloud ceiling.
It is nearly impossible to interpret data gathered using

acoustic recordings alone, in part because the biological
context of the calls is open to question. Vocalizations are
usually presumed to have a social function (Marler 2004),
but nocturnal passerines in North America are not thought
to fly in flocks the way birds fly in the daytime (Gauthreaux
1972, Larkin 1982, but see Moore 1990), and communi-
cation with birds on the ground is not out of the question. A
plausible hypothesis has even been made for a height-
finding function of flight calls by echolocation of the ground
(Lowery and Newman 1955, Griffin and Buchler 1978).
(This hypothesis should predict frequent calling when birds
pass flow over a ridgeline.) Finally, it is not known whether
sounds made by operating wind turbines interfere with
recording the calls made by nocturnally migrating birds.

Case example: recorded call quality.—A sound spectro-
gram (sonogram) from a flight call was recorded on 22
September 1974 using a 2.5-cm sound-calibrated condenser
microphone and Nagra analog tape deck (Fig. 11). Ambient
noise lies mostly below 2 kHz and the call is in the mid-
range of frequencies of calls of migrant birds. The fuzzy
appearance indicates a marginal signal-to-noise ratio.
Rather than a clear textbook example of a known species,
this sonogram is representative of many ambiguous flight

Figure 11. Sound spectrogram (sonogram) of flight call (unknown species)
recorded on 22 September 1974 at Millbrook, New York, USA (R. P.
Larkin, Illinois Natural History Survey, unpublished data).
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calls even when recorded on modern, high-quality equip-
ment. This call lacks distinctive features useful for measur-
ing time of arrival at the microphone or for determining the
species of bird with any degree of certainty. A thorough
discussion of call quality is treated by Evans (1994).

Case study: pre- and postconstruction monitoring.—
Preconstruction studies at wind turbine facilities (Evans
2000, Howe et al. 2002) and postconstruction studies in
Nebraska and New York (Evans 2000) have employed
multiple microphones to estimate the altitude of passing
migrants. Birds flying around tall communication towers on
overcast nights are often reported to show a high rate of
calling (Avery et al. 1976). Thus, postconstruction studies of
calling birds must allow for the possibility that wind turbines
attract calling birds, in which case calls may indicate
increased vulnerability to collision with the tower structure
or blades rather than a record of passing birds. Direct
observation of bird flight paths, for example, from detailed
tracking radar data, can verify or rule out this possibility.

Acoustic Monitoring of Echolocating Bats
All North American bats emit regular pulses of vocalizations
during flight that create echoes used for navigation and for
detecting and pursuing prey. Biological sonar, or echoloca-
tion, provides important acoustic information that can be
detected and used to indicate the presence of bats, and in
many cases to identify species. Except for a few species of
bats that emit audible (to humans) echolocation calls, most
bats vocalize at ultrasonic frequencies (well above the range
of human hearing, .20 kHz). Various devices are available
for detecting and converting ultrasonic calls of bats into
audible sounds or data that can be captured on a tape
recorder or a computer hard drive. However, the rapid aerial
attenuation of high-frequency calls (Griffin 1971) can bias
detection rates toward species that produce low-frequency
sound. Bats can also generate sound intensities as high as
133 dB, among the loudest source levels recorded for any
animal (Holderied et al. 2005). This renders many species
detectable at ranges !30 m.

High-intensity call bias.—Because different bat species
vary in their loudness (i.e., intensity), those that vocalize at
low intensities will be less detectable and, thus, introduce a
bias toward those species that produce high-intensity
echolocation calls (Griffin 1958, Faure et al. 1993, Fullard
and Dawson 1997). Low-intensity echolocators (e.g.,
Corynorhinus spp.), or so-called whispering bats, have a
smaller effective volume of detection and, thus, may be
missed during acoustic surveys unless they fly close to an
ultrasonic detector (within 3–5 m for some species).
However, this limited detection range also provides an
advantage of increased spatial resolution (e.g., distinguishing
between bats at ground level vs. those at rotor ht for acoustic
monitoring programs with detectors placed at these differ-
ent ht above the ground; Arnett et al. 2006, Reynolds 2006).

Bat passes.—Acoustic detection of bats provides a
practical and effective means to monitor for bat presence,
activity, and relative abundance (Fig. 12). We emphasize
relative abundance, because, as with monitoring bird calls,

current acoustic monitoring technology cannot determine
the number of individual bats detected; it can only record
events of detection, termed bat passes, of bats that enter the
volume of airspace within detection range. A bat pass is
defined as a sequence of .2 echolocation calls, with each
sequence, or pass, separated by .1 second (Fenton 1970,
Thomas and West 1989, Hayes 1997). Bat passes are
commonly used as an index of activity or abundance, but it is
important to understand that they do not indicate the
number of individuals. One hundred different bats of the
same species passing near an ultrasonic detector are generally
indistinguishable from a single bat that returns to pass a
detector 100 times. Thus, the data from monitoring
echolocation calls of bats can only provide population
indices or statistical proxies of relative activity or abundance
(Hayes 2000).
Quantifying bat passes as an index of abundance can

provide guidance as an index of bat occurrence, and with an
appropriate study design these data can be resolved spatially
and temporally (Parsons and Swezaczk 2008). Recorded
levels of activity at any one site are not necessarily
proportional to abundance because 1) of differential
detectability of bat species, 2) all bat species may not call
at the same rate (e.g., Myotis vs. Lasiurus), 3) all individuals
within a given species may not call at the same rates (e.g.,
migrating vs. feeding), 4) some species may remain out of
detection range of a detector despite their presence, 5)
variable foraging behavior of some species (e.g., a detector
deployed in the open is likely to miss bats that forage along
the edge of vegetation), 6) weather and environmental
factors, and 7) temporal variations in activity. The latter
factor can vary on a scale of days as bats follow local insect
activity or while in residence or during migration.
Bats exhibit dynamic movements across the landscape

where they typically forage in several different locations each
night (Lacki et al. 2007). Nightly activity as measured by bat
passes can vary significantly at any one location so that a
single night of data will not statistically represent the overall
trend of bat activity at that location (Hayes 1997, Gannon et
al. 2003). Beyond assessing the presence of a bat, confident
identification to species requires even longer survey efforts,
typically on the order of weeks (Moreno and Halffter 2001).
Longer term temporal variations due to seasonal movements
of bats, such as migration, are of vital concern because of the
documented relationship between bat fatalities at wind-
energy facilities during presumed migration (Johnson et al.
2004, Arnett et al. 2008). For each of these considerations,
the best strategy for assessing potential interactions between
bats and wind turbines is to implement a long-term acoustic
monitoring program, best conducted throughout an entire
annual cycle (Apr through Nov in temperate North
America) to account for all potential variables and ideally
covering "3 years to assess both within-year and inter-
annual variability.
Acoustic monitoring generally cannot provide information

on age, sex, or reproductive condition of bats, although
recent evidence suggests that this may be possible for some
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species (Siemers et al. 2005). For most species, however,
obtaining such data requires that bats be captured, although
captures are difficult or impractical to achieve in open
environments at the heights of rotor-swept areas. Acoustic,
visual, and radar observation methods provide an alternative
to capture methods because the former do not interfere with
the normal behavior and flight trajectories of bats. In
addition, compared with visual methods and radar, acoustic
monitoring methods better support long-term monitoring
because of their lower data burden and ability to proceed
remotely without the need for operating personnel (Rey-
nolds 2006). However, questions remain as to whether
migrating bats echolocate continuously while they are flying
(Van Gelder 1956, Griffin 1970, Johnson et al. 2005). Thus,
methods such as thermal infrared imaging or other night-
vision methods should be used simultaneously with acoustic
monitoring during expected times of migration until this
issue can be resolved.
Acoustic detection and monitoring of bats begins with

acquisition of a signal using a microphone sensitive to

ultrasonic frequencies. A microphone and detector–recorder
system having a frequency response up to 150 kHz suitably
covers all North American bat species. The acquired
ultrasonic signals must then be translated into a useable
form. This can be accomplished by transforming ultrasonic
signals into humanly audible tones for manual monitoring,
or by directly converting the digital data for storage and
processing. Digital data can then be transduced and
interpreted by one of 3 primary approaches of increasing
signal resolution: 1) heterodyne, 2) frequency division,
including zero-crossing, and 3) full-spectrum, including
time expansion (Table 4).
Heterodyning reduces the frequency of the signal from the

microphone by mixing it with a synthesized tone (Andersen
and Miller 1977). This mixing produces an output signal
with a frequency based on the frequency difference between
the 2 mixed signals (i.e., the beat frequency). The frequency
of an artificially generated signal is set by the user by tuning
the detector to listen for calls at a particular frequency.
Heterodyne units are the simplest ultrasound detector to

Figure 12. Sonograms of a small-footed myotis (Myotis ciliolabrum) flying past a recording bat detector recorded at (Birchim Canyon, near Bishop, CA, USA,
11 Jun 2001). Both panels display the same bat pass rendered with zero-crossing data reduction in the manner of an Anabat bat detector and Analook
software (Titley Electronics, Ballina, New South Wales, Australia; A), and in full-spectrum data revealing amplitude distribution using a Pettersson detector
(Pettersson Electronik AB, Uppsula, Sweden) and SonoBat software (SonoBat, Arcada, CA; B). In each sonogram the actual time between calls has been
compressed to better display the calls. The zero-crossing processed sonogram is plotted with the frequency scale mapped logarithmically as is the convention
with Analook, the Anabat processing software (J. Szewczak, Humboldt State University, unpublished data).
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implement and typically have excellent sensitivity. Although
they produce a signal that allows detection of bat presence,
they only render a distorted version of the original signal
and the operating principle limits the detection to a narrow
bandwidth of about 10–15 kHz above and below the tuned
frequency. Combining !2 heterodyne units can cover a
broader bandwidth, but this increases complexity and there
are no existing practical digital recording solutions or
computerized analysis systems available to support this
approach.
Frequency division reduces the original data generated by

sampling at high frequencies needed to interpret ultrasound
(a sampling rate of 300,000 signals/sec is required to render
a 150-kHz signal). Frequency division can be a numeric
division of cycles (e.g., a divide-by-10 approach) that retains
amplitude and multiple-frequency information as with a
Pettersson D230 detector (Pettersson Electronik AB,
Uppsala, Sweden), or this information can be deleted, thus
distilling the original to the basic time-frequency domain of
the signal’s most dominant frequency, as is done with the
rapid processing zero-crossing algorithm. Zero crossing is
the operating principle used by Anabat detectors (Titley
Electronics, Ballina, New South Wales, Australia).
The data reduction of zero crossing accomplished by the

Anabat system makes it a practical choice for long-term
monitoring projects. A single Anabat unit may generate only
one megabyte (MB) of data per night. However, lacking
fine-scale resolution essential for discriminating many
species, acoustic data generated from Anabat detectors are
suitable for monitoring presence and activity patterns, and
species identification for some (varies by species and region).
More rigorous species discrimination may be accomplished
with supplemental full-spectrum acoustic data or by capture
methods.
Full-spectrum acoustic data retains the full information

content of the signal (i.e., time, multiple frequency content,
and signal amplitude) and is thus suitable for detailed
bioacoustic analysis including recording of calls for playback
experiments, digital signal analysis, and acoustic species
identification (Parsons and Szewczak 2008). Playback of

full-spectrum recordings at a reduced speed or time
expansion (e.g., by a factor of 10) renders a 40-kHz
ultrasonic signal as an audible 4 kHz and facilitates
recording and data storage using standard audio equipment.
Time expansion does not alter the information content of
the signal. Pettersson model D240x and D1000x ultrasonic
detectors are examples of this type. The rich information
content of full-spectrum data generates a large amount of
digital data, upward to 100–500 MB of data per night
depending on bat activity and data compression (Preatoni et
al. 2005).

Acoustic monitoring of bats at wind-energy projects.—
Acoustic monitoring of bats at wind-energy projects is best
considered in the context of pre- and postconstruction
surveys. Activity of bats can be assessed at proposed wind-
energy facilities by determining the presence and activity
levels and potential temporal events of high activity (e.g.,
migratory pulses and swarming activity). Ideally, acoustic
monitoring should be conducted at the site of each proposed
wind-energy facility, although practical limitations prevent
coverage at all potential turbine sites. The Alberta Bat
Action Team recommended a minimum number of
preconstruction monitoring stations placed at each north,
east, south, and west periphery of a proposed project area,
with one station in the center (Lausen et al. 2006); however,
we suggest additional stations be placed in the vicinity of
any variations in terrain, especially those that may
potentially serve as a flyway (e.g., a forest gap). Alternatively,
a systematic sample of the area of interest is recommended
with a random starting point along the axis of the wind
resource area.
If a 3-dimensional sample survey using a vertical array of

bat detectors is deployed (Fig. 13), a grid could be placed
over the wind resource area with some systematic selection
rule. For example, the minimum number of detectors for a
site with 5 turbines would require deployment of 15 bat
detectors. For larger projects, more detectors would be
needed. An initial site assessment using bat detectors may
yield little or no evidence of bat activity at a proposed wind
development area. However, thorough temporal sampling

Table 4. Methodologies used for ultrasonic bat detection.

Technique Information obtained Strengths Weaknesses

Heterodyne Bat activity as indicated by bat
passes

Relatively inexpensive Labor-intensive monitoring
Sensitive Should be performed manually

Requires multiple units for
broadband coverage

No effective species discrimination

Zero-crossing frequency division Bat activity as indicated by bat
passes

Low data burden
Bat passes automatically registered

Incomplete information content of
signals

Some species discrimination as separate files Limited species discrimination
Software tools available for
processing

Full-spectrum time expansion Bat activity indicated by bat
passes

Bat passes automatically registered
as separate files

High data burden
Bat passes can be missed if data is

Near complete species
discrimination

Software tools for processing
Automated species discrimination
on the horizon

acquired by time expansion
rather than high-speed data
acquisition
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would be needed to assess the existence of possible seasonal
pulses of activity from migration. With current under-
standing of bat biology, it is difficult and largely indefensible
to conclude that the absence of bat activity on one or a few
nights of recordings (as might be typical of a preconstruction
survey) supports the appropriateness of a given site for wind
facility development.
Given their limitations, ultrasonic detectors placed at

ground level cannot detect bats at the rotor height of
modern utility-scale wind turbines. Because bat fatalities
recorded to date are thought to result mostly from direct
strikes by turbine rotors (Horn et al. 2008), it is essential to
deploy detectors at the height of the rotor-swept area to
effectively assess potential flight activity through the
relevant airspace. This height will vary according to the
size of the turbine, but where possible, detectors should be
deployed !30 m above the ground to adequately assess
flight activity of temperate insectivorous bats. Where
possible, detectors should be placed at existing meteoro-
logical towers, which are typically available at both
preconstruction and postconstruction wind-energy facilities
(Reynolds 2006). In the absence of such structures,
temporary towers can be deployed (Fig. 14). In addition
to detectors placed at rotor-height, each monitoring location
should also have a detector placed near ground level (2–3 m
agl) to optimize the volume of airspace for detecting bats,
because at this height the detector reception will reach
ground level and also detect flying bats flying above it, at
least in the range limits of detection. A third detector
deployed at an intermediate height would more effectively
cover the vertical distribution of expected bat activity.
Ground-level detectors will assist in assessing bat presence,
and rotor-height detectors will assess potential interactions
of bats with rotors (Reynolds 2006).
A lack of documented bat activity at rotor-height during

preconstruction surveys does not preclude risk of collision,
because bats may be attracted to a site once turbines are
constructed (Ahlén 2003, Kunz et al. 2007, Arnett et al.
2008). Thus, surveys at ground level may only serve to
indicate presence of bats that could potentially become
attracted to the height of operating wind turbines.
Alternatively, changes in vegetation cover and conditions

from preconstruction to postconstruction may also affect the
height at which bats fly, thus leading to more bats feeding,
commuting, or migrating through an area, and potentially
increasing exposure risk with turbine rotors.
Reynolds (2006) deployed a vertical array of acoustic

detectors on meteorological towers that recorded continu-
ously for several nights during the spring migration period at
a proposed wind facility in New York. More recently, 2
other studies have deployed detectors at multiple levels on
the available meteorological towers and remotely monitored
bat activity for several months (Arnett et al. 2006, Redell et
al. 2006). Establishing vertical arrays of detectors to allow
sampling near or within the rotor-swept area is desirable and
recommended by all entities requesting such information for
preconstruction studies.
Unfortunately, only a few (e.g., 1–3) meteorological towers

are available at most wind-energy projects, which severely
limit the ability to distribute sampling points in vertical
arrays in any given project. The number of sampling points
required to achieve a desired level of precision for describing
activity and species composition at a proposed site is
currently unknown, owing in part to the relatively small
datasets gathered to date. A preliminary analysis of data
gathered at meteorological towers and supplemental port-
able towers in Pennsylvania (Arnett et al. 2006) suggests
that 2 or 3 towers typically monitored with detectors during
preconstruction studies may fail to adequately represent bat
activity on a given site (M. Huso, Oregon State University,
unpublished data). Moreover, the number of towers
required to reliably predict postconstruction fatality remains
to be determined and likely will vary depending on the size
of the proposed development.
Despite its limitations, acoustic detection of bats provides

a practical and effective means to assess relative activity of

Figure 13. Schematic model showing a vertical array of ultrasonic bat
detectors attached to meteorological towers used for assessing nightly
migratory and foraging activity of echolocating bats from ground level to
the height of the turbine nacelle. (D. S. Reynolds, North East Ecological
Services, unpublished data).

Figure 14. Temporary (portable) tower used for a preconstruction acoustic
survey at the Casselman River Wind Project, Somerset County,
Pennsylvania, USA. Although the tower extends to the local tree-canopy
height, bat foraging behavior and activity will likely change markedly when
the forest is cleared for construction, creating edge habitat and open space
that is not present during the preconstruction period (E. B. Arnett, Bat
Conservation International, unpublished data).
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species that can be identified. Acoustic detectors should be
deployed in vertical arrays, with !2 levels (at 1.5–2 m above
ground and as high as permitted by existing meteorological
towers), preferably 3 levels, on all available towers. Sampling
additional points with portable towers may be necessary to
achieve sufficient spatial replication at a development site.
Detailed guidelines for detector deployment and operation
are reported elsewhere (Arnett et al. 2006, Reynolds 2006).
Postconstruction acoustic surveys can be used to support

carcass surveys and provide information on changes in
baseline activity acquired during preconstruction surveys.
These data would help verify estimates of risk made during
preconstruction monitoring and could aid in assessing
success of mitigation measures. Postconstruction monitoring
could also reveal unanticipated impacts from project-related
changes (e.g., clearing of a forested area). Increased
detection of fatalities from carcass surveys may also provide
justification to heighten the level of postconstruction
acoustic monitoring as a means of evaluating causes and
consequences.
By convention, most acoustic surveys of bat activity report

mean passes per detector-hour or mean passes per detector-
night per tower (Fig. 15). For consistency and comparison,
detector-hours should be normalized to hours past sunset
for each date considered. This facilitates pooling and
comparing data throughout a season or multiple seasons
and years. In addition to assessing overall activity, data
should be assessed by date and by detector to recognize
temporal or spatial peaks in activity that may indicate
particular threats to bats. Specific recommendations for how
much activity poses a threat and responsive mitigation and
avoidance guidelines remain an area of active research
(Arnett et al. 2006).

Acoustic identification.—Acoustic identification of bat
species poses a greater challenge than would be expected
from experience with birds. Unambiguous species recog-

nition using acoustics has remained an elusive goal for many
bat researchers. In contrast to birds, whose calls have
undergone selection to be different from those of other
species, echolocating bats use their calls for acquiring
information from the environment (including size, shape,
and wing flutter), and in general natural selection has
operated to optimize prey detection. For some syntopic
species (e.g., Myotis and Eptesicus–Lasionycteris) there
appears to be little selective pressure to emit calls differently
among species. Based on current technology, many species
appear to lack obvious discriminating differences in their
vocal characteristics (Betts 1998, Barclay 1999, Szewczak
2004, Parsons and Szewczak 2008). As an additional
complication, bats exhibit considerable plasticity in their
vocalizations and can produce call variants that overlap in
many parameters with those emitted by other species
(Thomas et al. 1987, Obrist 1995, Barclay 1999).
Despite these challenges and limitations, the basic time-

frequency characteristics rendered by zero-crossing (Anabat)
processed data generally provides sufficient information to
recognize acoustically distinctive species (e.g., eastern red
bat [Lasiurus borealis] and hoary bat (Lasiurus cinereus]) and
at the minimum place bats into groups having similar
acoustic characteristics (e.g., big brown [Eptesicus fuscus] and
silver-haired bats [Lasionycteris noctivagans], and Myotis
species, respectively).
High-resolution sonograms processed from full-spectrum

data reveal subtle attributes and significantly improve species
discrimination of bat echolocation calls (Fig. 16; Parsons
and Jones 2000, Fenton et al. 2001, Szewczak 2004). The
greater information content inherent in full-spectrum data
also supports objective species discrimination using auto-
mated computer processing. Parsons and Jones (2000)
developed an artificial neural network that correctly
identified 87% of the 12 most acoustically difficult bat
species in the United Kingdom including a suite of Myotis
species, compared with the performance of discriminant
function analysis on the same data set that gave a correct
classification rate of 79%. More recent research applying
increased extraction of acoustic parameter and ensembles of
computer learning systems have boosted the correct
automated classification rate of this same data set to 97%
(S. Parsons, University of Auckland, personal communica-
tion). Systems applying this methodology to North
American bats are currently under development. Our
understanding of bat behavior continues to improve with
advances in detection technology. For example, ultrasonic
microphone arrays and video images could be used to
determine the 3-dimensional use of space by bats around
turbines (Holderied and von Helversen 2003, Holderied et
al. 2005).

Predicting bat fatalities.—The preliminary report of an
ongoing preconstruction survey by Arnett et al. (2006)
provides the first example of a thoroughly designed study
involving acoustic monitoring. The study was initiated in
mid-summer 2005 as part of a 5-year study to determine
patterns of bat activity and evaluate the use of acoustic

Figure 15. Sample data from a preconstruction acoustic survey conducted at
the Casselman River Wind Project, Somerset County, Pennsylvania, USA
(1 Aug–1 Nov 2005) showing total number of bat passes per tower per
night. These pooled data suggest a potential migratory pulse during
October that invites further evaluation on a tower-by-tower basis to assess
potential migratory flyways (modified from Arnett et al. 2006).

2466 The Journal of Wildlife Management " 71(8)



monitoring to predict fatalities of bats at a proposed wind-
energy facility in south-central Pennsylvania. The primary
objectives were to 1) determine level and patterns of activity
of different species groups of bats using the proposed wind
facility prior to and after construction of turbines, 2)
evaluate relationships between bat activity, weather, and
other environmental variables, and 3) determine if indices of
preconstruction bat activity can be used to predict
postconstruction bat fatalities.
The study plan relied on long-term recording of

echolocation calls using Anabat zero-crossing ultrasonic
detectors (Fig. 17) with spot-sampling using mist-net
captures and full-spectrum acoustic recording. This study
used a rotation of temporary towers to sample at a large
number of proposed turbine sites. Results from the study
will be combined with numerous studies currently underway
throughout North America that have deployed acoustic
detectors to quantify preconstruction bat activity and will
later conduct postconstruction searches to estimate bat
fatality. The analysis will evaluate possible relationships
between bat activity with postconstruction fatality rates from
each facility to determine if fatalities can be predicted from
preconstruction acoustic data and at what level of precision.

Bat fatality and activity indices.—Five studies have
reported on postconstruction surveys using Anabat zero-
crossing ultrasonic detectors to support and interpret carcass
surveys at operating wind-energy facilities (Table 5). The
estimated total number of bat calls per night for each site
was positively correlated with estimated fatalities per turbine
per year (r¼ 0.79). However, there are several limitations of
this type of analysis. The data on echolocation calls reported
in these studies did not distinguish among species. More-
over, echolocation calls were recorded at different altitudes
at some sites and only at ground level at others. In addition,
echolocation call data were all collected after the wind-
energy facilities were constructed. Thus, it is unclear
whether preconstruction call data would have shown a
different pattern. If modifications to forested habitats
(thereby creating linear landscapes) or the turbines them-
selves attract bats, the relationship between preconstruction
call rates and fatality rates may not exist or may not be as
strong.

Radiotelemetry
Radiotracking (following animals) or radiotelemetry (trans-
mitting other information in addition to an audio signal
with miniature VHS transmitters (Millspaugh and Marzluff

2001, Fuller et al. 2005) has the potential to follow the
dispersal and migratory paths of known individual birds or
bats for long distances. Radiotracking was pioneered with
birds weighing about 35 g in the 1960s (Graber 1965,
Cochran et al. 1967) and has been used to 1) study the flight
of nocturnal passerine migrants with respect to wind and
land features (Cochran and Wikelski 2005), 2) recapture
birds for measurements of metabolic rate during flight
(Wikelski et al. 2003), and 3) transmit wing-beat informa-
tion (Diehl and Larkin 1998). Where ground-tracking is
impractical (e.g., highly mountainous regions), radiotrack-
ing from small aircraft holds promise for determining
nightly dispersal patterns and migratory routes of some
species. Radiotracking of small bats and birds weighing "15
g over long distances is currently limited by the size of
radiotransmitters (e.g., type of signal, and signal strength
and duration, which are limited by battery size). A rule of
thumb for radiotracking birds and bats is that radio-
transmitters should not exceed 5% of the animal’s body
mass (Aldridge and Brigham 1988).
Global Positioning System (GPS) receivers and trans-

mitters used with Argos satellites are currently too large to
be used on passerine birds and small bats (Aldridge and
Brigham 1988, Cryan and Diehl 2008). Although radio-
tracking has been widely employed to follow movements of
bats (e.g., Williams and Williams 1970, Wilkinson and
Bradbury 1988, Bontadina et al. 2002, Lacki et al. 2007,
Amelon et al. 2008), we are unaware of published accounts
of long-range migrations of small, migratory bats deter-
mined by radiotracking. Large Old World fruit bats
(Pteropus spp.) have been radiotracked long distances by
aircraft (Eby 1991, Spencer et al. 1991), and by satellite
(Olival and Higuchi 2006), and ongoing studies in New
York and Pennsylvania have been routinely radiotracking
Indiana bats (Myotis sodalis) with aircraft as they migrate
from their hibernacula to maternity sites (A. Hicks, New
York Department of Natural Resources, personal commu-
nication; C. Butchkoski, Pennsylvania Game Commission,
unpublished data; Fig. 18).
Radiotracking by aircraft is an attractive technique for

investigating how known individuals of different species of
nocturnal birds and bats use the landscape (e.g., Cochran
and Wikelski 2005, Holland et al. 2006). Birds and bats
have been followed with vehicles (use of vehicles is limited
when roads are poor and when a signal is obstructed by
terrain), by fixed-base Yagi antennae placed on ridges, and

Table 5. Fatality and bat activity indices at 5 wind-energy facilities in the United States.

Study area
Inclusive dates

of studya
Bat mortality
(no./turbine/yr)

Bat activity
(no./detector/night)

Total
detector nights Source

Mountaineer, WV 31 Aug–11 Sep 2004 38.0 38.2 33 E. B. Arnett, Bat Conservation
International, unpublished data

Buffalo Mountain, TN 1 Sep 2000–30 Sep 2003 20.8 23.7 149 Fiedler 2004
Top of Iowa, IA 15 Mar–15 Dec 2003, 2004 10.2 34.9 42 Jain 2005
Buffalo Ridge, MN 15 Mar–15 Nov 2001, 2002 2.2 2.1 216 Johnson et al. 2004
Foote Creek Rim, WY 1 Nov 1998–31 Dec 2000 1.3 2.2 39 Gruver 2002

a Sample periods and duration of sampling varied among studies, with no fatality assessments conducted or bat activity monitored in winter months.
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with aircraft but with high hourly expense and limitations
due to Federal Aviation Administration regulations and
public safety. In some situations, it may be possible to track
nocturnally active birds and bats from fixed-base Yagi
antennae positioned on high places in the area under study
(Larkin et al. 1996; R. P. Larkin, Illinois Natural History
Survey, unpublished data). Such stations arranged in a
picket line (string of stations) could be used to follow flight
paths of several migrating bats (known individuals and
species) across areas such as mountain ridges. A recent
proposal to develop a global small-animal satellite tracking
system (Wikelski et al. 2007) holds considerable promise for
investigating movements of small birds and bats over large
temporal and spatial scales. The scientific framework for this
project is outlined in the International Cooperation for
Animal Research Using Space initiative. If satellite tracking
of birds and bats with miniature transmitters becomes
possible (Cochran and Wikelski 2005), this will open a new
era of logistical feasibility for following nightly and seasonal
movements of bats and birds.

METHODS AND METRICS FOR
COLLECTING ADDITIONAL DATA ON
NOCTURNALLY ACTIVE BIRDS AND
BATS
Capture Methods
Captures of nocturnally active birds and bats may provide
valuable information for assessing and confirming the

presence of both resident and migrating species, but special
training of personnel is required to capture and remove birds
and bats from mist nets. Resident bird and bat species are
easiest to capture when they forage near the ground, over
bodies of water, or within and beneath the canopy of forests
(e.g., Kunz 1973, Kurta 1982, Lloyd-Evans and Atwood
2004). Capturing migrating birds and bats during migratory
stopovers can provide valuable demographic information
(e.g., relative abundance, condition, age, and sex) needed for
assessing population status provided that long-term, con-
sistent, efforts are made (Lloyd-Evans and Atwood 2004,
Weller and Lee 2007; T. Lloyd-Evans, Manomet Center for
Conservation Sciences, personal communication).
Because many bats fly above the height of ground-based

mist nets, surveys should employ both ground-level and
stacked canopy nets, especially in forested landscapes and in
riparian communities or over water holes (e.g., cattle tanks
and ponds) located in agricultural and other open land-
scapes. Developing a capture history that can be used to
estimate probabilities of detection and occupancy (e.g.,
program PRESENCE; MacKenzie et al. 2001, U.S. Geo-
logical Survey 2006) requires multiple visits. A single season,
even with multiple visits, does not reliably sample bat
assemblages or presence of a single species (Weller and Lee
2007; E. B. Arnett, Oregon State University, unpublished
data). Unless multiple capture efforts over multiple years are
undertaken, species of bats should not be considered absent
or to have low relative abundance at a proposed site. Mist

Figure 16. Echolocation call recorded from a western small-footed myotis (Myotis ciliolabrum) processed from full-spectrum data (A) and rendered with zero-
crossing data reduction in the manner of Anabat (B), Birchim Canyon, near Bishop, California, 11 June 2001. The distribution of amplitude with the call, as
mapped by color, can aid in discriminating this species from other Myotis species with calls in this frequency range. The presence of harmonics is a useful
indicator that can aid in discriminating some species such as silver-haired bats (Lasionycteris noctivagans) and big brown bats (Eptesicus fuscus; J. Szewczak,
Humboldt State University, unpublished data).
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netting used in conjunction with acoustic detectors (Kuenzi
and Morrison 1998) may offer a more complete approach to
evaluating presence of species at a site.
Devices and methods used to capture birds and bats have

been thoroughly discussed elsewhere (see reviews in Kunz
and Kurta 1988, Kunz et al. 1996, Braun 2005, Kunz et al.
2008a), so only a brief overview of methods is provided here.
Although no single capture method is suitable for all species,
mist nets for birds and mist nets and harp traps for bats are
the devices used most commonly because they are relatively
easily deployed and can be used in a variety of situations.
The choice of capture device for bats should be dictated by

numbers of animals present or expected at a particular site or
expected to emerge from a roost located near proposed or
operational wind-energy facilities. In situations during
preconstruction surveys at proposed wind-energy facilities,
where the local bat fauna and roost sites are unknown,
trapping efforts should focus on expected or potential
commuting, foraging, drinking, and roosting sites. Prior
assessment of local topography, habitat structure (e.g.,
foliage density), and visual or acoustic surveys using
ultrasonic detectors can often aid in the selection of
potential capture sites and deployment of appropriate
capture devices. Many of the methods used to capture birds
and bats are similar—although some differences exist. For

example, if bats are to be captured at roost sites to assess the
species present in the vicinity of wind-energy facilities, or to
monitor changes in colony size, harp traps are preferable to
mist nets (Kunz et al. 2008a). Most importantly, efforts
should be made to minimize disturbance to bat colonies or
colonial-nesting birds.

Mist nets.—A mist net consists of a nylon mesh
supported by a variable number of taut, horizontal trammel
lines, or shelf strings. Bats and birds are captured after they
become entangled in the mesh of the nets. Mist nets are
properly deployed when the horizontal shelf strings that
support the net are taut horizontally. The netting material
should not be extended to its full extent, but should allow
some slack between the shelf strings, to allow the formation
of bags (or pockets) into which the bird or bats fall upon
encountering the net. A bird or bat is captured in a mist net
when it flies into the mesh between the shelf strings, and
falls into a net bag from which it generally is unable to
escape (Braun 2005, Kunz et al. 2008a, b).
The type and number of nets, and the manner in which

they are deployed, can greatly influence capture success. For
most applications, ground-level nets are easiest to deploy,
but they may bias the sample of captured birds or bats if
some species fly (e.g., commute or forage) high in or above
the forest canopy. Use of canopy nets can provide

Figure 17. A) Anabat microphones protected by a weather-proof bat hats can be deployed and linked by cables to ground-based data-logging units. When
installed, the microphone points downward and receives signals from a clear Lucite or Plexiglas reflector. Three optional designs of brackets are shown for
mounting bat hats (see inset). B) Remote microphones protected by weather-proof bat hats are mounted on a carriage that is part of a pulley system. When
attached to a tethered pole, this configuration enables retrieval and deployment of microphones (using a crane) from the ground following initial installation.
C) Schematic diagram of bracket used to mount a bat hat on the pulley system shown in A (E. B. Arnett, Bat Conservation International, unpublished data).
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researchers access to the aerial space in forested regions
where some bats and birds may forage or roost during
migratory stopovers (Fig. 19). Compared to ground-level
nets, canopy nets may take longer to deploy, but they have
the advantage of covering a larger area of vertical space
within or beneath a forest canopy, including areas near the
ground (Mease and Mease 1980, Hodgkison et al. 2002).
For detailed information on types and sizes of mist nets,

preparation of nets for field use, deployment strategies in
different environments, types of net poles, removing bats
and birds from nets, and methods for dismantling nets,
consult published descriptions (Kunz and Kurta 1988, Ralph
et al. 1993, Kunz et al. 1996, Braun 2005, Kunz et al.
2008a).

Harp traps.—Harp traps are recommended for assess-
ing presence and relative abundance of bats in situations
where opportunities for mist netting are ill advised or
limited, especially where bats are present in relatively high
densities or roost in caves, mines, or buildings near proposed
or operational wind-energy facilities. Harp traps have
proven successful for capturing bats as they emerge from
such roost sites during evening emergence and throughout
the night as they periodically return and emerge during
intermittent feeding bouts (Fig. 20). These traps consist of
one or more rectangular frames, strung with a series of
vertical wires or monofilament lines usually spaced about 2.5
cm apart. When a bat hits the bank of wires or lines, it falls
into a bag beneath the trap. In situations during precon-
struction surveys where the local bat fauna and possible
colonies sizes are unknown, harp-trapping efforts should
focus on expected or potential commuting, foraging,
drinking, and roosting sites.
Personnel assigned to capture bats at wind-energy projects

also must secure state and Federal permits to capture and
handle birds and bats, especially endangered species. In the
case of handling, personnel must be immunized against
rabies and wear proper gloves to avoid being bitten. Nets
must be tended regularly to avoid injury to captured animals
and to prevent damage to nets if too many bats are captured
simultaneously. Nocturnally active birds and bats captured at
ground level, near roost sites, or in the forest canopy, may
not reflect the same composition of species that fly within
the rotor-swept area or that are killed during migration.

Pre- and postconstruction surveys.—Capture surveys for
bats are frequently employed and often required by govern-
ment agencies, particularly to assess presence of endangered
species. However, not all proposed or operational wind-
energy facilities offer conditions conducive to capturing bats
and often the number of suitable sampling points is
minimal. Sometimes netting efforts occur at water sources
off-site or harp trapping at nearby roosts, which may not
reflect species presence at or use of the actual site where
turbines are to be installed.
Mist netting alone may be inadequate for assessing bat

activity at proposed and operational wind-energy facilities
and, thus, should be considered a low priority in open
landscapes such as grassland and agricultural fields (except

when birds or bats are active over and near water tanks and
reservoirs). Notwithstanding, mist-netting and harp-trap-
ping are the only available methods that can provide reliable
information on sex, age, and reproductive condition, and
when possible these techniques should be employed as part
of pre- and postconstruction surveys. Captures of birds and
bats near roost sites and in habitats below and adjacent to
wind turbines can provide valuable information on pop-
ulation variables before and following construction of wind
turbines, especially for the collection of tissue samples for
DNA and stable isotopes, and for assessing demographic
population size, genetic diversity, and geographic origins of
bats and birds present during resident and migratory
periods.

Estimating Population Size and Genetic Variation Using
Molecular Markers
Estimates of population structure, genetic diversity, and
demographic and effective population size are important
parameters for assessing the dynamics of endangered,
threatened, and species of special concern (DeYoung and
Honeycutt 2005, Dinsmore and Johnson 2005, Lancia et al.
2005). Estimates of these parameters for both resident and
migrating birds and bats are needed to better understand
how populations respond to naturally occurring perturba-
tions and anthropogenic factors such as climate change,
deforestation, and habitat alteration. Wind-energy develop-
ment, along with other anthropogenic activities, may have
adverse effects on some bird and bat populations by directly
causing fatalities and indirectly altering critical nesting,
roosting, and foraging habitats. To adequately assess
whether fatalities or altered habitats are of biological
significance to resident and migrating birds and bats,
knowledge of baseline population levels, population struc-
ture, and genetic variation are needed. These parameters can
be expected to differ among species that are subject to
different risks from local and regional environmental factors.

Estimating demographic population size.—Historically,
estimates of population size of birds and bats have been
derived using a variety of methods, including direct counts,
point counts, and other estimating procedures such as
capture–mark–recapture methods, photographic sampling,
probability sampling, maximum likelihood models, and
Bayesian methods (e.g., Bibby et al. 2000, Thompson 2004,
Braun 2005, Kunz et al. 2008b). Notwithstanding, few
statistically defensible estimates of population size for birds
and bats have been published, especially for migratory tree-
roosting bat species (O’Shea and Bogan 2003; O’Shea et al.
2003, 2004). Direct counts often are not practical for most
nocturnally active bird or bat species, in part because these
animals are typically small, cryptic, or otherwise difficult to
visually census using most existing technologies during 1)
daily or nightly emergences from roosts, 2) migratory or
foraging flights, or 3) migratory stopovers.

Visual census methods at bat roosts.—When bat colonies
are relatively small ,1,000), visual censusing may be
practical and potentially less disturbing to the colony than
other methods (Kunz and Anthony 1996, Kunz 2003, Kunz
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et al. 2008b). Where large numbers of bats are present at
roost sites, censusing protocols using thermal infrared
imaging cameras can provide reliable estimates of number
of bats present (Sabol and Hudson 1995; Frank et al. 2003;
Kunz 2003; Betke et al. 2007, 2008) although repeated
sampling is required to assess seasonal changes in abundance
and colony composition.

Genetic sampling.—Noninvasive genetic sampling can
provide valuable information for assessing population
parameters of birds and bats at potential risk from wind-
energy facilities and other anthropogenic influences. The
DNA extracted from skin, hair, feathers, or feces may be
used to identify individuals and species, estimate population
size, determine sex, identify dietary items, and evaluate
genetic diversity and population structure (Thompson 2004,
Waits and Paetkau 2005).
Identification of individuals should be the first step when

assessing levels of genetic variation within populations. At
least 30 individuals from a study population should be
genotyped, with 10–25 microsatellite loci. Individual
identification based on genetic samples can be used to
obtain population estimates based on the minimum known
alive or estimates based on mark–recapture methods. Waits
and Paetkau (2005) provide technical advice for accurate and
efficient collection of genetic data for identification of
species, sex, and individuals. Hair and wing tissue (for bats)
and feathers and blood (for birds) are the most commonly
used sources for noninvasive sampling.
Analysis of mitochrondial DNA (mtDNA) is used for

species identification and nuclear DNA (nDNA) is used for
individual and sex identification. The DNA extracted from
feather samples can be derived from cells attached to the
roots of feathers (Smith et al. 2003). Wing biopsies are the
most common source of DNA for bats (Worthington
Wilmer and Barratt 1992). In these situations, samples for
DNA analysis can be collected from live or recently killed
birds or bats. Extraction of host DNA from fecal samples is
more challenging, and there is no consensus on the most
appropriate method to use (Waits and Peatkau 2005).
Capture–mark–recapture models have been used to

estimate population sizes derived from genetic samples
(Waits 2004, DeYoung and Honeycutt 2005). Using this
approach, Puechmaille and Petit (2007) compared estimates
of colony sizes of the lesser horseshoe bat (Rhinolophus
hipposideros) based on DNA extracted from feces with
independent estimates of colony size derived from nightly
emergence counts. Their results indicate that analysis of
DNA can provide accurate estimates of colony size even
when feces are collected during a single sampling session.

Estimating effective population size.—Estimates of
effective population size (Ne) also can be derived from
genetic markers. Effective population size provides infor-
mation on how fast genetic variation is being lost or
relatedness is increasing in a population of interest (Leberg
2005). Knowledge of Ne is critical for assessing and
managing threatened and endangered species or those of
special concern because it provides information on how

rapidly a population is losing genetic diversity. Thus,
reductions in Ne also are related to reduced population
variability. Comparisons of historic and contemporary Ne

can be used to assess whether a population is declining
(Leberg 2005) and, thus, impacts of anthropogenic-related
factors (e.g., fatalities at wind-energy facilities) on the
genetic future of populations can be assessed (Lande and
Barrowclough 1987).
Large populations typically accumulate more genetic

diversity and retain this diversity longer than do small
populations (DeYoung and Honeycutt 2005). Because these
effects are predictable, it is possible to estimate long-term
effective population size based solely on observed patterns of
DNA diversity. If a population changes in size, predictable
effects on patterns of diversity occur, and these effects are
proportional to that change. Thus, significant declines in
population size through time can be documented, although
there is some time lag between changes in population size
and observable effects on genetic diversity. A conceptual
description of the coalescent process that results in these
effects is provided below. More detailed descriptions and
applications are found in Luikart et al. (1998), Roman and
Palumbi (2003), Avise (2004), Russell et al. (2005),
DeYoung and Honeycutt (2005), and references cited
therein.
The genetic variation at any particular gene in a

population can be illustrated as a topology or gene tree
reflecting the historical relationships or genealogy of the
gene copies found in different individuals. The number of
mutations (i.e., nucleotide substitutions) separating these
variable DNA sequences is a function of the demographic
history of the population. Because mutations accumulate
through time, sequences that diverged longer ago will be
separated by a larger number of mutations than those that
diverged more recently. If a historically large population
remains large, its gene trees will have many branches of
varying lengths that reflect the accumulation and retention
of older and younger mutations. If a large population is
reduced in size, its gene tree will be pruned. That is, genes
reflecting both long and short branches will be lost with the
result of less overall diversity. Short branches also will be
proportionately fewer in the reduced population because
fewer recent mutations occur and they are less likely to be
retained because of the smaller population size. Corre-
spondingly, if a population that was historically small
expands in size, its gene tree will consist mostly of short
branches reflecting the increased occurrence and retention of
more recent mutations.
It is important to understand the extent of population-

level structuring because it can differ markedly among
species (DeYoung and Honeycutt 2005). For example,
population genetic studies on the Brazilian free-tailed bat
(Tadarida brasiliensis) show high levels of genetic diversity
and little population-level structuring (Russell and
McCracken 2006), whereas other species, such as the lesser
long-nosed bat (Leptonycteris curasoae), show relatively low
levels of genetic diversity and high population structuring.
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The implications of these and other studies using molecular
markers (Avise 1992, 2004) indicate that different species
are subject to different risks from anthropogenic influences
and should be studied to assess whether a given species is
more or less at risk from changing environments. Sex ratios,
effective population size, and genetic diversity are intimately
linked. Changes in sex ratios in populations can cause
changes in effective population size, and when effective
population size decreases, populations tend to lose genetic
diversity. Loss of genetic diversity can lead to loss of fitness
(DeYoung and Honeycutt 2005).
Estimates of effective population size based on genetic

diversity have been applied to a variety of birds and
mammals to investigate patterns of change caused by human
intervention (DeYoung and Honeycutt 2005). For example,
the historical population sizes of humpback (Megaptera
novaengliae) and fin whales (Balaenoptera physalus) prior to
hunting by humans were estimated to consist of approx-
imately 240,000 and 360,000 whales, respectively, con-
trasted to modern population sizes of 10,000 and 56,000
individuals, respectively (Roman and Palumbi 2003). The

historical estimate of the effective population size of the gray
wolf (Canus lupus) prior to human settlement of North
America was estimated at approximately 5,000,000, as
compared to the current estimate of 173,000 (Vilà et al.
1999). For bats, coalescent analysis indicates an expansion of
migratory populations of Brazilian free-tailed bats approx-
imately 3,000 years ago, a date that corresponds with the
development of a wetter climate and increased insect
availability (Russell et al. 2005, Russell and McCracken
2006). This was apparently followed by an approximately
16-fold decline in estimated population size in more recent
times, postulated as a consequence of human activity
(Russell et al. 2005, Russell and McCracken 2006).
For the lesser long-nosed bat, the most recent estimate of

effective population size was 159,000 individuals (Wilkin-
son and Fleming 1996). These and other estimates of
effective population size reflect the current distributional
range of a given species. However, census data on
populations also are needed when evaluating cumulative
impacts resulting from anthropogenic changes. For example,
current estimates of colony sizes for Brazilian free-tailed bat,

Figure 18.Migration route of an Indiana bat (Myotis sodalis) over forested ridge tops in western Pennsylvania, USA. This bat was captured and released at an
abandoned coal mine at 0004 hours on 14 April 2006. It was tracked by aircraft traveling in a southeasterly direction, settling in a dead maple snag at 0445
hours. In the early evening of 14 April it foraged briefly and returned to its roost at 2000 hours (due to heavy fog). It emerged from its roost tree at 2015 hours
on night of 15 April, but at 2040 hours it was temporarily lost while traveling south (near Kutztown, Berks County). On 16 April it was located roosting in a
shagbark hickory (Carya ovata) tree in forested wetland 90 km from its release site (C. M. Butchkoski and G. Turner, Pennsylvania Game and Fish
Commission, unpublished data).
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based on thermal infrared imaging and computer vision
technologies, emphasize the importance of establishing
baseline levels and for conducting long-term studies for
assessing real and projected impacts on local and regional
populations (Betke et al. 2008; N. I. Hristov and T. H.
Kunz, Boston University, unpublished data).
Migratory tree-roosting bats are especially challenging

organisms to census, largely because they are solitary and
roost in foliage (eastern red bats and hoary bats) or tree
cavities (silver-haired bats; Carter and Menzel 2007).
Instead of using traditional marking methods, molecular
markers could be used to estimate population sizes after
identifying individuals from the DNA obtained noninva-
sively from samples of feces, hair, or skin tissue. As with
traditional methods, the reliability of population estimates
based on molecular methods makes certain assumptions
(DeYoung and Honeycutt 2005). For example, population
size can be under- or overestimated if scoring errors are
made when the alleles of heterozygous individuals are not
amplified during a positive polymerase chain reaction
(PCR), or PCR-generated alleles create a slippage artifact
during the first cycles of the reaction (Waits and Leberg
2000). Errors of this type can be corrected by repeating the
process of genotyping and comparing genotypes to each
other (Paetkau 2003).
There are several potential limitations in using genetic

sampling to estimate population parameters from both
mtDNA and nDNA markers, including contamination of
field samples, identifying enough loci to establish adequate
resolution sufficient to distinguish individuals, and genotyp-
ing errors. If sufficient data are not collected for an adequate
number of loci, then the number of individuals in the
population will be underestimated. Increasing the number of
loci, with improved resolution, also increases the probability
of observing genotying errors.

Assessing Geographic Origins of Resident and Migrating
Birds and Bats Using DNA and Stable Isotopes
Knowledge of geographic patterns of stable isotopes of
hydrogen (deuterium [D]: hydrogen [H]) has proven
valuable for assessing patterns of migration for some bird
and bat species (e.g., Meehan et al. 2001, Cryan et al. 2004,
Rubenstein and Hobson 2004, Hobson 2005, Cryan and
Diehl 2008). This knowledge is made possible because
isotopic signatures present in precipitation are transferred
directly or indirectly from green plants to consumers (e.g.,
insects, birds, and bats).
No other element (except oxygen, which is highly

correlated with hydrogen) exhibits such consistent patterns
of geographic distribution. The stable isotope ratio of
hydrogen, dD (dD ¼ ½ ðD=HÞsample

ðD=HÞreference %3 103), in precipitation
is inversely related to latitude, elevation, and distance from
the coast across all continents (Rozanski et al. 1993, Cryan
and Diehl 2008). Following shifts in dD between precip-
itation and primary producers, isotopic signatures typically
change systematically across trophic levels (Birchall et al.
2005). Thus, during postnatal growth and molt, dD values
of animal tissues are correlated with the hydrogen isotope
ratios of local precipitation (dDp; Hobson and Wassenaar
1997). The relationship between dDp and the dD values in
animal tissues has made it possible for researchers to infer

Figure 19. Multiple stacked horizontal mist nets used for capturing bats
and birds from ground level into the forest sub-canopy (from Hodgkison et
al. 2002).

Figure 20. Harp traps can be used to successfully capture bats as they
emerge from or return to roosts such as buildings, caves, and other similar
structures (J. Chenger, Bat Conservation and Management, Inc.,
unpublished data).
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the geographic origins of migratory animals by comparing
tissues collected at different seasons and in different parts of
their range (Chamberlain et al. 1997, Hobson and
Wassenaar 2001, Meehan et al. 2001, Cryan and Diehl
2008).
Kelly et al. (2002) used stable isotopes of hydrogen

extracted from the feathers of breeding, migrating, and
wintering Wilson’s warblers (Wilsonia pusilla), and found
that dD values were positively and significantly correlated
with latitude of collection, indicating that dD values in
feathers provided a good descriptor of the breeding latitude.
Cryan et al. (2004) also used stable isotopes of hydrogen to
infer migratory movements of hoary bats in North America.
Using data collected from feather samples, several studies
have used both stable isotope and genetic markers to
evaluate migratory habits of birds (Clegg et al. 2003, Royle
and Rubenstein 2004, Hobson 2005, Kelly et al. 2005,
Smith et al. 2005).
The primary limitations of using stable isotopes for

assessing migration of birds and bats is that the stable
isotope of hydrogen can vary locally, based on differences in
precipitation and ground water. Thus, when tissues are
collected from birds or bats, samples of precipitation and
ground water should be collected at the same time to
improve the geographic resolution of isotopic ratios (L. I.
Wassenar and K. A. Hobson, Environment Canada,
personal communication). Currently, the resolution of
isotope ratios of hydrogen in precipitation is relatively crude
with respect to latitude, longitude, and altitude, and it may
not be possible to precisely identify source areas of breeding
birds or bats within a small geographic region. Gannes et al.
(1997) appropriately pointed out the importance of validat-
ing assumptions when using stable isotopes and calling for
laboratory experiments to validate methods.

Collecting tissue samples for DNA and stable isotope
analysis.—Living or dead bats collected at or in the vicinity
of wind-energy facilities can provide invaluable data for
advancing knowledge about the geographic source and
abundance of resident and migratory populations. Tissue
(via wing biopsies) collected from bats (Worthington
Wilmer and Barratt 1996) and blood or feathers from birds
(Smith et al. 2003, Waits and Paetkau 2005) can be used for
analysis of genetic variation, population structure, for
potentially assessing population size using DNA markers,
and for assessing the geographic origin of migrants based on
stable isotope and genetic analysis. Date, location, species,
sex, age, reproductive condition, and standard external
measurements for each live, dead, or moribund bird and bat
captured or recovered should be recorded.
Use of mtDNA and nDNA sequence data derived from

birds and bats killed by wind turbines also offer the potential
for identifying closely related or cryptic species. For
example, many species of Myotis are difficult to identify
from either external morphological characters or echoloca-
tion calls, yet they can be identified using unique DNA
markers (e.g., Bickham et al. 2004, Stadelmann et al. 2007).

Developing collaborations.—Collaborations with re-
searchers experienced in genetic and stable isotope analyses
are highly recommended. Carcasses should be collected in
part or in their entirety and deposited as voucher specimens
in research laboratories associated with universities and
natural history museums. In the United States, the
American Museum of Natural History, New York, serves
as a repository for tissues collected from dead or living bats
recovered from beneath wind turbines or collected alive
(http://research.amnh.org/mammalogy/batgenetics/; con-
tact N. B. Simmons, American Museum of Natural
History). The Conservation Genetics Research Center,
Center for Tropical Research, University of California, Los
Angeles serves as a repository for feather samples from
which stable isotope and genetic analysis of birds can be
conducted (http://ioe.uclla.edu/CTR/cgrc.html; contact J.
Pollinger, University of California, Los Angeles).

CONDUCTING PRE- AND
POSTCONSTRUCTION MONITORING
Many of the methods and metrics summarized above for
monitoring nocturnally active birds and bats have been
applied during pre- and postconstruction monitoring and
research efforts. In this section, we describe basic approaches
and protocols to perform pre- and postconstruction
monitoring and research, discuss factors influencing and
limiting protocol development and implementation, and
offer considerations for future monitoring and research.

Preconstruction Studies
Preconstruction assessments at proposed wind-energy facili-
ties generally are initiated from early project evaluations in
consultation with state or Federal agencies with respect to
wildlife, including potential direct impacts to bird and bat
species, especially nocturnal migrants, and threatened and
endangered species or species of special concern. Agencies
generally request that data be used to characterize wildlife
resources in the context of a proposed development, to
evaluate the potential impacts from such development, and
to the greatest extent possible, determine the location of
turbines that will minimize risk to birds and bats. Although
these objectives may provide useful information for design-
ing a facility and siting specific turbines, or perhaps aiding in
the decision to abandon a project altogether, each project
may require a different sampling design, level of sampling
intensity, and volume of data to be collected.
Multiple factors may influence preconstruction monitoring

and confidence of the data collected as outlined in the
original ‘‘Methods and Metrics’’ document (Anderson et al.
1999), as well as other works (e.g., Skalski 1994, MacKenzie
et al. 2001, Morrison et al. 2001, Pollock 1991, Pollock et
al. 2002). Designing a preconstruction study protocol should
begin with clearly defined questions. Thus, a clear under-
standing of the relevant questions should dictate the
sampling design and methods. An inappropriate protocol
may result in low power to detect differences (Steidl et al.
1997), failure to account for spatial and temporal variation
(Hayes 1997), and pseudoreplication (Hurlbert 1984), all of
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which can lead to unreliable statistical and deductive
inferences. Ultimately, when assessing risks to nocturnally
active birds or bats at a proposed wind-energy site, failure to
design an appropriate sampling protocol and account for the
aforementioned factors may increase the likelihood of a
Type II error (i.e., failing to reject a false null hypothesis and
concluding no effect when, in fact, there is one).
A fundamental gap in our current knowledge of

preconstruction assessment of risk is that no linkages exist
between preconstruction assessments and postconstruction
fatalities for nocturnal wildlife. Although intensive studies
are underway (Arnett et al. 2006), it may be several years
before methods described in this document can be used to
predict fatalities with an acceptable level of precision,
accuracy, and degree of confidence.
In the case of Federally endangered species, the course of

action for decision-making is reasonably well-defined. For
example, a developer who finds Indiana myotis (Myotis
sodalis) during mist-net surveys on a project area may enter
into voluntary negotiations with the United States Fish and
Wildlife Service (USFWS) to receive an incidental take
permit under the auspices of a Habitat Conservation Plan
under Section 10 (a)(1)(B) of the Endangered Species Act
or may chose to abandon the project due to high risk of
taking additional endangered species (U.S. Fish and Wild-
life Service 2003).
Currently, there is neither a framework nor empirically

driven guidelines for agencies or developers to know what
39.7 (63.1 SD) bat calls per night gathered with acoustic
detectors or a passage rate of 116.9 (68.6) targets/km/hour
collected from radar actually mean compared to 119.1
(626.2) bat calls per night or 350.7 (677.1) targets/km/
hour, except that the activity and variance is about 3 times
higher in both cases. Thus, establishing linkages between
preconstruction metrics and postconstruction fatality esti-
mates is a vital next step toward being able to predict
impacts and, thus, provide the context needed for decision-
making. Until additional empirical data are gathered and a
relationship between independent variables and the number
of fatalities, establishing decision-making criteria will be far
more challenging, controversial, and politically charged than
improving the sampling designs and quality of information
gathered. Considerable uncertainty and risk reside in
existing decision-making frameworks, but to best utilize
the information gathered during the preconstruction period,
such frameworks are needed for stakeholders to agree upon
and implement. Established quantitative criteria for deci-
sion-making should be based on the best available scientific
information and subject to change as new information is
gathered, following the fundamental principles of adaptive
management (Holling 1978, Walters 1986).

Postconstruction Studies
Many of the methods and metrics described for precon-
struction surveys may be used effectively during the
postconstruction period, including visual, acoustic, radar,
and capture methods. In addition, postconstruction studies
require estimates of actual bird and bat fatalities.

Estimating presence and activity.—With few exceptions,
postconstruction monitoring has centered on fatality
searches. Five postconstruction studies have deployed ultra-
sonic detectors to record bat activity at operating wind
facilities (Gruver 2002, Johnson et al. 2003, Fielder 2004,
Jain 2005, Arnett et al. 2006). However, only one study in
North America has used thermal imaging cameras to
observe bat behavior and interactions with turbines (Horn
et al. 2008). Efforts to deploy multiple tools (e.g., acoustic
detectors, radar, and thermal imaging cameras) at proposed
wind facilities, or those currently operating, are underway in
an attempt to test various methods for evaluating precon-
struction activity of birds and bats and establishing
relationships between flight activity and fatalities (D. Redell,
Wisconsin Department of Natural Resources, unpublished
data; R. M. R. Barclay and E. Baerwald, University of
Calgary, personal communication; A. Kelly, personal
communication).
Postconstruction studies using multiple tools (e.g., acous-

tic detectors, radar, night-vision devices, and thermal
infrared cameras) are needed to determine the context and
relative exposure of nocturnal animals using the airspace in
relation to observed fatalities. Numerous reports and
environmental impact statements argue that fatalities of
bats at wind-energy facilities are lower in the western
United States and within agricultural regions, for example,
compared to forested ridge tops in the eastern United States.
However, fatalities could be proportionally the same in
relation to regional populations or simply the numbers of
animals using the airspace at the time fatalities occur. Until
this context is established, we suggest that comparisons and
extrapolations among regions, especially when varying
methods are employed, be viewed cautiously.

Fatality assessment.—Experimental designs and meth-
ods for conducting postconstruction fatality searches are
well-established (Anderson et al. 1999, Morrison et al.
2001). Although the statistical properties for at least some
common estimators have been evaluated and suggested to be
unbiased or close to unbiased under the assumptions of the
simulations (W. P. Erickson, WEST, Inc., unpublished
data), important sources of field-sampling bias should be
accounted for to correct estimates of fatalities. Important
sources of bias include 1) fatalities that occur on a highly
periodic basis, 2) carcass removal by scavengers, 3) searcher
efficiency, 4) failure to account for the influence of site
conditions (e.g., vegetation) in relation to carcass removal
and searcher efficiency (Wobeser and Wobeser 1992,
Philibert et al. 1993, Anderson et al. 1999, Morrison
2002), and 5) fatalities or injured bats that may land or move
outside search plots.

Temporal distribution of fatalities.—Most estimators
assume that fatalities are uniformly distributed, and at
independent random times between search days. However,
if the distribution of fatalities is highly clustered, then
estimates may be biased, especially if carcass removal rates
are high. Most estimators apply an average daily rate of
carcass removal expected during the study. If most fatalities
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occur immediately after a search, they would have a longer
time to be removed before the next search, resulting in
higher scavenging rates than the average rate used in the
estimates. This would lead to an underestimate of fatalities.
On the other hand, if most fatalities occur before but close
to the next search, the fatalities may be overestimated.
Potential biases are minimized by ensuring that some
searches are conducted most evenings during the survey
period and that they are well-distributed throughout the
area of interest (Fig. 21).

Scavenging rates.—The second source of bias in fatality
estimation relates to assessing carcass removal rates by
scavengers. All wind-energy facilities will be inhabited by a
variety of potential avian (e.g., cervids [Corvidae], vultures
[Ciconiidae]), mammalian (e.g., skunks [Mephitidae],
raccoons [Procyon lotor], and coyotes [Canis latrans]), and
insect (e.g., burying beetles and ants) scavengers, and
searches, especially those conducted at less-frequent inter-
vals, may result in highly biased estimates of fatality
(Morrison 2002). Past experiments that have assessed
carcass removal using small birds as surrogates for bats
may not be representative of scavenging for bat carcasses.
Two studies conducted by Erickson et al. (2003) and
Johnson et al. (2003) used bat carcasses (estimated to be
killed the previous night when found) and found similar or
lower scavenging rates on bat carcasses compared to small
bird carcasses. However, small sample sizes may have biased
estimates and limited the scope of inference of these 2
studies. Fiedler (2004) and Fiedler et al. (2007) conducted 6
bias trials during the first phase of development at the
Buffalo Mountain Energy Center in Tennessee and found
no difference between bird and bat carcasses for searcher
efficiency or scavenging time. Notwithstanding, Kerns et al.
(2005), however, reported significantly lower scavenging
rates on birds compared to both fresh and frozen bat
carcasses at the Mountaineer Wind Energy Center in West
Virginia. Scavenging should be expected to vary temporally
(e.g., seasonally) and spatially from site to site and among
both macroscale habitats (e.g., forests vs. grasslands or

agricultural landscapes) and microscale vegetation condi-
tions at any given turbine (e.g., bare ground compared to
short grass or agricultural stubble).

Searcher efficiency.—It is well-known that searcher
efficiency or observer detection (i.e., the rates at which
searchers detect carcasses) varies among individuals (Morri-
son et al. 2001). Searcher efficiency also can be biased by
other factors including topography, vegetation, condition of
carcasses (e.g., decomposed remains compared to fresh,
intact carcasses), weather, and lighting conditions. Searcher
efficiency and carcass scavenging should be expected to vary
considerably within and among different vegetation cover
conditions (Wobeser and Wobeser 1992, Philibert et al.
1993, Anderson et al. 1999, Morrison 2002, Arnett et al.
2008). The use of trained dogs can increase the recovery rate
of carcasses, especially in heavy vegetation cover, and offers
promise for addressing many questions surrounding bat
fatality at wind facilities (Arnett 2006), although dogs
undoubtedly vary in their ability to detect carcasses.

Size of search plots.—Sizes of plots have varied among
studies. Many recent studies used rectangular search plots
with edges of plots a minimum distance from the turbine
equal to the maximum tip height of the turbine. Observed
spatial distributions of fatalities suggest that most, but not
all, fatalities occur in this general area. However, top-
ography, maturity of vegetation, size of carcass, wind
direction, and other factors likely affect the distribution.
This distribution can be used to approximate the number of
fatalities missed (Kerns et al. 2005; Arnett et al. 2008; W. P.
Erickson, personal communication). Most studies have
shown a tighter distribution of bat fatalities around the
turbine compared to birds (Kerns et al. 2005). Additional
factors affecting the precision and accuracy of fatality
estimates include search effort, including the number of
turbines searched, intensity of searches within search plots,
and the experience of observers (Anderson et al. 1999).

Search protocols.—Fatality search protocols have varied
considerably among studies. Sampling methods and dura-
tion for 21 postconstruction studies conducted in North
America are summarized by Arnett et al. (2008). Fatality
searches usually are conducted on a systematic schedule of
days (e.g., every 1 d, 3 d, 7 d, or 14 d) but rarely have daily
searches been employed (Kerns et al. 2005). More intensive
searches often are performed during the spring and autumn
migratory periods, whereas summer breeding surveys some-
times are less frequent or not conducted at all. By contrast,
when they are conducted, most spring and autumn
postconstruction carcass searches at communication towers
are performed nightly (Manville 2005).
Although there are multiple approaches to performing

searches (e.g., line transects, circular plots), any protocol that
is used must thoroughly quantify the aforementioned
sampling biases to obtain reliable estimates. Most fatality
studies to date have poorly accounted for searcher efficiency
and removal by scavengers, especially for bats (NRC 2007,
Arnett et al. 2008). Some studies adjusted fatality estimates
based on a single trial for searcher efficiency and scavenger

Figure 21. Comparison of daily fatalities (no. of fresh bat fatalities/no. of
turbines searched) of hoary bats (Lasiurus cinereus) and eastern red bats (L.
borealis) from the Mountaineer Wind Energy Center, Tucker County,
West Virginia, USA (31 Jul–11 Sep 2004) and the Meyersdale Wind
Energy Center, Somerset County, Pennsylvania, USA (2 Aug–13 Sep
2004). Fatality index is the total number of fresh bats found on a given day
divided by the number of turbines searched that day (Kerns et al. 2005).
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removal using small samples of bird and bat carcasses, and
on !2 occasions these trials occurred outside of the
migratory periods.
There is a clear need for rigorous implementation of search

protocols that can yield reliable estimates of bird and bat
fatalities. We recommend that all postconstruction mon-
itoring be designed to address !2 common objectives. First,
search protocols should be conducted so that estimates of
fatalities can be compared across different landscapes and
habitats both within and among regions. By standardizing
protocols for fatality searches, comparable estimates can be
achieved and will be useful for understanding different levels
of risk. Search intervals could vary from 3 days to 7 days, as
long as standard search methods (we suggest line-transect
sampling) are employed and sampling biases (e.g., search
efficiency and scavenger removal) are adequately accounted
for. The total area searched also should be accounted for and
similar visibility classes need to be established (see Kerns et
al. 2005).
Second, establishing patterns of fatalities in relation to

weather variables, turbine characteristics (e.g., revolutions/
min) and other environmental factors is fundamental to
understanding wildlife fatality and developing solutions
(Kunz et al. 2007). Thus, more intensive (nightly)
postconstruction sampling should be conducted at sites
where relatively high bat fatalities are expected for !33% of
all turbines, to gather data required to meet this objective.
Specific methods and suggestions for establishing and
conducting sampling protocols are summarized in Kerns et
al. (2005) and Arnett et al. (2008).

MANAGEMENT IMPLICATIONS
Requirements and implementation of preconstruction
monitoring are far less consistent than postconstruction
fatality-monitoring protocols. Some states have no require-
ments for preconstruction surveys, whereas others have
minimum requirements to survey for threatened, endan-
gered, or species of concern. However, most available
guidelines for assessing potential impacts of wind-energy
development on wildlife are voluntary (U.S. Fish and
Wildlife Service 2003). With few exceptions, preconstruc-
tion studies have been conducted for less than a full year or
active season, and some postconstruction surveys have only
included a few days or weeks during assumed times of the
year when risks may be highest (e.g., migratory periods).
Below we provide an overview of methods that we consider
important for the study of impacts of wind-energy facilities
on nocturnally active birds and bats (Table 6).

Visual Methods
Night vision goggles and scopes, video cameras, and thermal
infrared cameras are valuable tools for monitoring for the
presence and activity of nocturnally active birds and bats at
wind-energy facilities. Results derived from these tools,
combined with appropriate metrics, are important for
characterizing activity of birds and bats in both pre- and
postconstruction studies associated with wind-energy proj-
ects. Deployment of these tools requires adequate knowl-

edge and training of individuals charged with their use and
maintenance, the need for periodic calibration, and a full
understanding of the limits of detection.
Proper planning and reliable monitoring using visual

methods can provide important information about the
abundance, frequency, and duration of bat activity in both
proposed and operational wind-energy facilities. We
recommend that future monitoring studies of nocturnally
active birds and bats deploy thermal infrared cameras in
concert with acoustic studies to address questions about the
postulated causes of bat fatalities at wind turbines. Results
from these studies could then be compared with results from
other types of monitoring (e.g., radar) to evaluate potential
risks to both resident and migrating birds and bats in the
vicinity of wind-energy facilities. In particular, thermal
infrared imaging holds considerable promise for evaluating
the hypothesis that turbines attract bats or insects. For this
approach, !2 synchronized high-resolution thermal infrared
cameras should be used to record the interaction of bats and
birds in finer spatial and temporal scales. Such imaging
could help researchers visualize, for example, when and how
bats interact with stationary and operational wind turbines
and, thus, inform owners, operators, and decision-makers
how best to develop mitigation strategies.
Chemilumnescent and LEDs have been used successfully

for observing the foraging behavior of bats and for validating
echolocation calls from different species. Light tags can be
used most effectively to observe bats when they fly in open
areas, in flyways, and along forest edges and, thus, they may
be particularly valuable for assessing bat activity in the
vicinity of many wind-energy facilities and for observing
responses of flying bats to both stationary and operational
wind turbines.

Radar
Radar is a powerful tool for studying the movement of flying
animals. Weather surveillance radars (e.g., NEXRAD) can
provide valuable information on broad-scale patterns of
migration, colony locations of birds and bats, nightly
dispersal behavior, and location of stopover sites for
migrating species. However, to obtain passage rates of birds
or bats within turbine height (i.e., no. of birds [or bats]/km/
hr that are below approx. 125 m agl), we recommend using a
marine radar system (to provide passage rates, flight
directions, flight path, and altitude information) in tandem
with visual techniques (to help distinguish birds from bats).
To determine if comparisons can be made among studies
from different radars, parallel studies are needed to compare
and calibrate the various radar systems, settings, and
sampling regimes. Postconstruction studies at wind-energy
facilities using carcass searches conducted concurrently with
assessments of passage rates using visual and acoustic
methods are needed to determine the relationships among
passage rates in the rotor-swept zone, weather conditions,
and bird and bat fatalities. Limitations of NEXRAD and
marine radar include 1) inability to consistently separate
migratory birds, bats, and fast-flying insects, 2) inability to
determine species identity of most targets, 3) echoes from
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Table 6. Tools for detecting, tracking, and assessing presence and activity of flying birds, bats, and insects (modified from Larkin 2005).

Equipment Range Identificationa Passage rates Ht information Cost

Moon watching Observer-dependent þ Skilled observers can identify
many types of birds and
discriminate birds from bats

2 d before and 2 d after
full moon and with no cloud
cover

Very crude A good telescope of "203
is required. Labor-
intensive; $2,000/unit

þ Insect contamination rare;
butterflies and moths can be
identified

Ceilometer (spotlight) ,400 m # Poor for small targets Yes, but light may affect flying
animals

Very crude Inexpensive but labor-
intensive# Insects can sometimes be

confused with birds and bats
Night vision (image intensifier) Good equipment: small

birds at 400 m
# Inexpensive equipment: poor Yes Very crude Relatively expensive if high-

quality equipment used:
$1,500/unit

þ Good equipment: better
Inexpensive equipment:
shorter range

þ Discriminate birds, bats vs.
insects nearby

Thermal infrared imaging cameras Depends on equipment;
can detect some birds at
3 km

Size but not species Excellent when altitude of target
is known

Coarse when calibrated with
vertically pointing radar and
then used alone

Expensive if high-quality
equipment used:
.$75,000/unit

þ Discriminates birds, insects,
and foraging bats

þ Migrating birds and bats
NEXRAD, Doppler weather
surveillance radar

10–200 km þ Can discriminate targets by
speed if winds are known

Good in the infrequent cases
where a radar siting is opportune

Very coarse with poor
low-altitude coverage

Data are available at no cost;
skilled labor for analysis

þ Waterfowl and raptors vs.
other birds and bats

þ Insects slower than songbirds
Marine (X-band) radar 30 m–6 km with proper

siting of unit
þ Bird and bats vs. insects Good to excellent Unmodified marine radar

antenna in vertical
surveillance: yes

Specialized; expensive if
done correctly# Birds vs. bats straight flight:

unknown
Parabolic antenna: yes Skilled labor for analysis

Tracking radar 100 m–20 km Vertebrates vs. insects; birds vs.
bats in development excellent
(stationary beam mode)

Excellent

Audio microphones for birds 400 m; depends on
ambient noise

þ Some nocturnal songbird species Only some species call and
quantification is assumption-ridden

Microphones: single: no; Recording equipment
inexpensive, analysis
expensive

þ Data include no insects arrays: possible

Ultrasound microphones for bats ,30 m; depends on
humidity

# Bats may or may not emit
sounds

No, only presence–absence Some; depends on
microphones and placement

Moderate costs:
$2,500/unit

þ If they do, may be
species-specific

Many unknowns at current
state of knowledge

Radiotracking 0–4 km Excellent Poor Crude High

a þ indicates capability,# indicates a lack of capability.

2478
T
he

Journal
of

W
ildlife

M
anagem

ent
$
71(8)



surrounding objects can obscure large parts of the screen, 4)
inability to find suitable marine (mobile) radar sampling
sites, and 5) difficulty of detecting small birds and bats aloft
during periods of heavy precipitation.

Acoustic Monitoring of Nocturnal Migrating Songbirds
Recording calls of birds that migrate at night permits
identification of many species and similar-sounding groups
of species by experienced listeners, but this method does not
give a direct indication of numbers or rates of passage.
Because the rate of calling varies greatly from night to night,
extended sampling periods are needed. To obtain data
pertinent to the altitude of birds flying near wind turbines,
!2 microphones are needed to localize the source of calls.
The most important practical limitation in assessing bird
calls will likely involve interference from ambient sounds at
field sites. Advances are being made in sound localization
and what determines which species are calling and how
often they do so.

Acoustic Monitoring of Echolocating Bats
Acoustic detection of bats provides an effective method for
assessing bat presence and activity. Because ultrasonic
sounds are produced above the range of human hearing, it
is important to sample the ultrasound environment prior to
establishing a detector placement. A 10-m shift in micro-
phone placement can often make the difference between
acquiring useful and useless acoustic data. The ideal
recording environment includes anechoic conditions that
are thermally homogeneous, without wind, and free from
ambient sounds of rustling leaves, falling water, or calling
insects. Unfortunately, these conditions are rarely encoun-
tered outside of a sound studio and, thus, field-acquired data
may be compromised. Successful acoustic monitoring of
echolocating bats during pre- and postconstruction periods
depend on instrumentation that provides high-quality,
distortion-free data. Owing to the limited range of existing
ultrasonic detectors, placement of ultrasonic detectors both
below and at the height of the turbine rotors will be required
to reliably detect presence and activity of bats at proposed
and operational wind-energy facilities. Postconstruction
studies at wind-energy facilities that include concurrent
acoustics monitoring and carcass sampling are needed to
determine the relationship among passage rates in the rotor-
swept zone, weather conditions, and bat fatalities.

Radiotracking
Radiotracking of small, nocturnally active birds and bats
using aircraft promises to provide the most valuable
information for assessing regional movements and long-
distance migration in relation to assessing impacts of wind-
energy facilities. Knowing when and where nocturnally
active birds and bats navigate over and within natural and
human-altered landscapes promises to provide important
information that could help guide decision-makers with
respect to the siting of wind-energy facilities in order to
avoid or minimize risks to both resident and migrating
species.

Capturing Birds and Bats
At times, it will be necessary to capture birds and bats in the
vicinity of wind-energy facilities to confirm the presence of
species that cannot be detected by other means. Knowledge
obtained from capturing birds and bats in the vicinity of
proposed or operational wind-energy facilities, during
summer resident periods or migratory stopovers, can provide
valuable demographic information needed to assess long-
term population trends including possible changes in sex and
age ratios, breeding condition, population size, and genetic
variation in response to possible adverse impacts of wind
turbines. Choice of capture device will be dictated by the
taxa of interest, landscape characteristics, and numbers of
animals expected at a particular site or expected to return to
or emerge from a roost located near proposed or operational
wind-energy facilities.

Collecting Tissue Samples for DNA and Stable
Isotope Analyses
Knowledge of geographic patterns of stable isotopes of
hydrogen makes it possible to identify the geographic source
of birds in temperate regions by comparing the isotope ratios
in precipitation with those found in animals captured or
recovered during migratory stopover areas or in over-
wintering sites. Dead and injured birds and bats collected
at or in the vicinity of wind-energy facilities can potentially
provide valuable data for assessing demographic and
effective population sizes, genetic variation, and the geo-
graphic origin of resident and migratory populations.
Carcasses should be collected in part or in their entirety
and deposited as voucher specimens in research laboratories
associated with universities and natural history museums.
Information about carcasses found beneath wind turbines
should be recorded with respect to date, location, species,
condition, sex, age, and reproductive status. Collaborations
with researchers experienced in genetic and stable isotope
analyses are strongly recommended.

Pre- and Postconstruction Monitoring Protocols
The methods and metrics summarized above provide
guidance for monitoring and researching nocturnally active
birds and bats at wind-energy projects. Preconstruction
assessments should be conducted in consultation with State
and Federal agencies, including potential direct and indirect
impacts on both resident and migrating birds and bats.
Depending upon location, topography, type of vegetation
and number of proposed wind turbines, each project will
quite likely require a different sampling design, level of
sampling, and amount of data collected. A clear under-
standing of the potential influence of topographic variation,
altered land cover, local weather conditions, and other
relevant variables will dictate the sampling design and
methods used at each proposed or operational wind-energy
facility.
At present, a fundamental gap exists between precon-

struction activity of nocturnally active birds and bats and
postconstruction fatalities. Given this knowledge gap,
quantitative studies on both the presence and activity of
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nocturnally active bird and bats are needed, including
estimates of population size and variation, to provide the
best scientific information available to confidently inform
decision-makers and other stakeholders concerning risks
posed by wind-energy facilities. Rigorous assessments of
fatalities reported during the postconstruction periods are
needed that incorporate corrections for both searcher
efficiency and scavenging biases so that reliable estimates
of cumulative impacts can be made. Pre- and postconstruc-
tion monitoring protocols are needed that consider both
natural variation in population size and seasonal and nightly
activity levels. Without a clear understanding of this natural
variation, reliable interpretation of risks and actual effects of
wind turbine facilities to nocturnally active bird and bat
populations will remain elusive.
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INTRODUCTION 
 
A framework for pre-construction prediction and post-construction estimation of impact from 
wind energy development is presented in this appendix. The framework is loosely based on 
frameworks developed in other major environmental programs with mandates to assess the 
degree and magnitude of impacts to wildlife. In particular, portions of the framework are based 
on existing risk assessment frameworks developed and used by the United States 
Environmental Protection Agency (USEPA), including the Superfund program. The framework 
provides a structure for focusing scientific principles and critical thinking toward the goal of 
effective environmental management, and integrating the views of diverse scientists, regulators, 
and public participants. The framework also may be used as a decision tool to support 
regulatory decision making related to the Endangered Species Act (ESA), National 
Environmental Policy Act (NEPA), and other guidance enacted to protect wildlife.  
 
The framework is based on a growing body of wildlife assessment literature that promotes the 
concepts of risk assessment for integrated decision-making (see Auswind 2005; Kerlinger 2004; 
Podolsky 2004; Suter et al. 2003; Urban and Cook 1986; USEPA 1997, 1998; USFWS 2003, 
2004). The framework uses the basic concepts of risk-based decisions currently used in major 
environmental programs, but adapts the successful tools of these programs for use in explicitly 
addressing issues associated with the effects on wildlife and habitat - particularly birds and bats 
– from the development and operation of wind energy facilities. The framework is loosely 
organized around the various steps that the wind industry goes through when developing a wind 
energy facility.  
 
While this risk framework deals with wildlife risk, wind energy developers must consider a 
multitude of issues, including abundant, reliable wind, an energy market, access to the wind, 
and transmission availability. Once these initial issues are addressed, project proponents begin 
to look at the potential permitting issues they will face.  One of these permitting issues is the 
potential effects the facility may have on wildlife and their habitat. Clearly potential impacts on 
wildlife are an important consideration when making the decision to pursue a project (see 
American Wind Energy Association [AWEA] 2008). 
 
As practiced, risk assessment frameworks have some common characteristics which are 
utilized in the current proposed framework, and are discussed below.  
 
Vocabulary. The vocabulary of ecological risk assessment is technically complex and often 
confusing to the public; consequently, we limited the risk vocabulary as much as possible. The 
component parts of a risk assessment, and the flow of information from one component to 
another, vary within the many available risk frameworks used by agencies worldwide. However, 
there is a vocabulary common to many of these frameworks. Table 1 provides definitions for 
some of the most commonly used terms in the vocabulary of ecological risk assessments. Many 
of these terms are associated with specific components (or stages) of a risk assessment, for 
example, problem formulation, effects assessment, exposure assessment, risk characterization, 
and risk management. The common vocabulary facilitates discussions among individuals with 
different backgrounds and viewpoints. The vocabulary also supports the consistency of 
assessment strategies, and facilitates comparisons of results among multiple studies.  
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Table 1. Vocabulary of ecological risk assessment. 
Term Definition 
Analysis plan Final phase of problem formulation in which hypotheses are evaluated to 

determine how they will be assessed using available and new field data. 
Assessment endpoint Explicit expressions of environmental values that are to be protected and that 

are the subject of the risk assessment. 
Assessment endpoint 

entity 
Individual, population, or community that is the subject of the assessment. 

Assessment goal Purpose related to type of risk assessment (e.g., comparative, retrospective, 
incremental, etc.). 

Conceptual model Diagram that describes key relationships between a stressor and assessment 
endpoint or between several stressors and assessment endpoints. 

Ecological risk 
assessment 

Process that evaluates the likelihood that adverse ecological effects may 
occur or are occurring as a result of exposure to one or more stressors. 

Effects, 
characterization of 

Definition of exposure-response relationships that are related to assessment 
endpoints. 

Exposure, 
characterization of 

Description of potential or actual contact or co-occurrence of stressors with 
wildlife or other assessment endpoint entities. 

Framework Used in this report to indicate a structured conceptual model for risk 
assessment. Details of the framework, including the components and tiered 
structure, differ among applications and regulatory agencies. 

Level of effect Decrement in an assessment endpoint that is specified as significant to risk 
managers (e.g., 10% reduction in local abundance). 

Measure of exposure Measurement or model result that describes exposure. 
Measure of effect Measurement or model result that describes effects. 
Method Used in this report to indicate a procedure for conducting a specific laboratory 

or field study, test or technique, typically resulting in measures of exposure 
or effect. 

Probabilistic endpoint Assessment endpoint that is described in terms of probability (e.g., a bird 
flying through the rotor swept area has once chance in one thousand 
[probability = 0.001] of colliding with a turbine blade). 

Problem formulation Planning process to define the nature of the problem to be solved and 
specifying the risk assessment needed to solve the problem. 

Risk characterization Integration of site-specific estimates of exposure with site-specific or generic 
exposure-response models, often using a weight-of-evidence approach. 

Risk management The process of deciding whether an action involving risk should proceed, 
whether mitigation actions should occur, or other relevant actions 
supporting the decision should occur.  

Spatial extent Geographical boundary of risk assessment. 
Stressor Agent that causes adverse effects (usually a physical agent in the context of 

wind energy facility assessments). 
Susceptibility Criterion used to select assessment endpoints that are determined based on a 

high level of exposure, a high level of sensitivity, or both. 
Temporal extent Time interval boundary of the risk assessment. 
Tier (of assessment) Risk assessment at a specified level of detail, often conducted as part of an 

increasingly rigorous series of steps. 
Tiered assessment 

process 
Risk assessment process beginning with few or simple elements and 

proceeding to additional, more complex elements. 
Weight of evidence Methodology for risk characterization if multiple estimates of exposure or 

effect are measured or estimated using different methodologies. 
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Tiered Risk Frameworks: Most risk frameworks have some form of a multi-step process, with 
the steps frequently referred to as tiers. Tiered assessments are “preplanned and prescribed 
sets of risk assessments of progressive data and resource intensity.  In each tier the assessor 
will either make a management decision, often based on decision criteria, or continue to the 
next level of effort” (USEPA 1998). In other words, the risk framework is designed to make risk-
based decisions as early in the risk assessment process as the information will allow. In 
practice, analyses conducted at a lower tier (i.e., a preliminary or early tier) require less 
information to reach a risk-based decision than those conducted at a higher tier. We have 
expanded the general concepts available in the literature to reflect the issues that arise in 
assessing wildlife risk during pre-construction and post-construction activities at wind energy 
facilities. Such issues include steps to develop a plan to avoid or minimize impacts, decisions to 
modify or expand the wind facility, and other management actions. In addition, the concept of a 
“tiered” risk assessment has been expanded beyond the definition used by many regulatory 
agencies. In the risk framework presented in this document, the tier concept has been 
expanded to reflect not only level of detailed associated with the risk analysis, but also the 
decision-analysis steps and associated workflow typically encountered within the context of the 
risk analysis. 
 
Stakeholder Involvement: Most agencies have developed risk-based decision frameworks that 
encourage the involvement of multiple stakeholders, including agency staff, industry, and the 
public. The involvement often includes a review of the applicability and relevance of existing 
data, the need for additional data collection, evaluation of the level of uncertainty in the analysis, 
and review of initial risk characterizations. These stages provide a structured flow of information 
and allow the stakeholders to review and comment on critical aspects of the risk assessment as 
the analysis proceeds. The framework discussed below encourages interactions with 
stakeholders as early as practicable in the development process. 
 
Stages of the Risk Assessment. The typical stages of an ecological risk assessment are: 1) 
problem formulation, 2) characterization of exposure, 3) characterization of effects, and 4) risk 
characterization. These analysis steps are consistent with those described for human 
toxicological risk assessment in two National Research Council (NRC) publications: Risk 
Assessment in the Federal Government: Managing the Process (NRC 1983); and Science and 
Judgment in Risk Assessment (NRC 1994). Brief descriptions of the most common stages of 
risk assessment used in the wildlife framework are discussed below: 
 

The problem formulation stage is a planning process that occurs in each tier of an 
assessment and is intended to ensure that the risk assessment is defensible and useful 
and that the scope is workable. In the context of a specific activity such as the 
construction of a wind energy facility, the problem formulation includes the development 
of a conceptual model of the potential interaction of birds and bats with the facility, the 
selection of exposure and effects measurements, and definition of the spatial and 
temporal extent of the analysis (see Table 1 for terminology definitions). The problem 
formulation stage is also the point at which the objectives for the tier are determined, and 
the level of certainty that is required to make decisions within that tier is established. For 
example, the primary objective for an initial wildlife assessment might be to evaluate 
several potential locations for a wind project and, based on this evaluation and other 
information, select one or more locations for further consideration, while the objective of 
a subsequent tier assessment might be to determine the risk associated with one or 
more specific sites. Nevertheless, the same metrics for exposure and effects may be 
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used in both tiers, although the former will often be more subjective and less quantitative 
than the latter. 

 
The exposure assessment stage is the estimation of the expected intensity, time, and 
extent of co-occurrence or contact of wildlife with turbines, noise, habitat removal, or 
other stressors (i.e., other causes of environmental impact). Broadly, exposure 
estimation methods may include a description of the activity (where that provides 
sufficient information about exposure), direct measurements of exposure, empirical 
models of exposure, and mechanistic models of exposure. For example, an exposure 
assessment for birds might consider the amount time birds spend within the zone of risk 
(rotor-swept area). The exposure assessment may be based exclusively on existing 
information common with lower tiers or may involve the development of new information 
(models) and data (field studies) typical of higher tier assessments.  

 
The effects assessment stage is the characterization of the exposure-response 
relationship (e.g., avian fatalities per megawatt [MW] per year, or habitat units affected 
per MW per year). For wind energy, in early tiers predictions of injury rate or habitat 
impacts are developed based on historical data from other wind facilities and appropriate 
models to predict effects for planned or proposed projects. Effects assessments are the 
most data-intensive pre-construction efforts associated with wind energy development. 
These effects assessments may address individual risk, such as the number of expected 
fatalities (typically a regulatory requirement), or population-level responses, such as a 
potential change in lambda, the finite rate of population growth, and/or cumulative effects 
from this and other existing or reasonably foreseeable future projects. Direct measures 
of bird and bat mortality or injury can be made after a facility is constructed and in 
operation (i.e., post-construction) to validate these predictions.  

 
The risk characterization stage is the integration of exposure and effects information, 
expressed in a statement of risk. For example, there is a 1 in 100 chance that an 
individual bird flying within the rotor swept area will collide with a turbine blade. If the 
probability of impact is assumed to be consistent for all birds flying through the rotor 
swept area, then the total number of birds affected is the total number of birds at risk 
times the probability of impact. Also included in the risk characterization is an analysis 
(qualitative or quantitative) of the uncertainty inherent in the risk estimates. For some 
wind sites, lower tiered risk characterizations that are qualitative evaluations of the 
potential for risk with little actual site-specific field data may be adequate for permitting 
and development, while at other sites higher tiered assessments with quantitative 
descriptions of the risk supported by site-specific measurements and monitoring, 
including a quantitative uncertainty analysis, may be required. Because there are 
relatively few methods available for direct estimation of risk, a weight-of-evidence 
approach is often used (Appendix C). 

 
The key issue addressed in the framework is the selection of specific measures of exposure and 
effects to assess the risk to birds and bats at wind energy projects, as this will determine the 
necessary methods and metrics. Criteria that are often used to select methods and metrics 
include the following: policy goals and societal values, appropriate spatial scale, and practical 
considerations, such as regulatory requirements, time and budget (see Appendix C). State and 
federal regulations often will determine, for example, whether individual animals (e.g., 
endangered bats) or populations (e.g., non-listed grassland bird populations) are the focus of 
the assessment. Ecological endpoints that are considered for policy-based or societal value-
based assessment endpoints include: endangered, threatened, or rare species; species with 
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special legal protection; rare community or ecosystem types; protected ecosystem types (e.g., 
wetlands and streams); species with recreational or commercial value; or species with particular 
aesthetic or cultural value (Suter et al. 2000). For example, the Australian Wind Energy 
Association includes “avoidance of wind farms” by birds as one of its two primary endpoint 
properties (along with direct mortality) (Auswind 2005). Avoidance in this case is measured as 
changes in usage over a specified geographical area, where avoidance is assumed to have the 
potential to affect population abundance or individual growth or survival, and should be an issue 
of discussion early in the assessment. The term avoidance suggests an individual behavioral 
response that is often difficult to measure.  
 
As an alternative to avoidance, some existing risk assessments of wind energy facilities have 
evaluated changes in population density at distances from turbines rather than “avoidance” per 
se (Buffalo Ridge report, Leddy et al. 1999). Avoidance can be evaluated at multiple scales. For 
example, it could be local area (Leddy et al. 1999) or wind resource area wide (Johnson et al. 
2000a). Large-scale avoidance may also result in fragmentation of habitat for some species. 
Avoidance may (and by definition habitat fragmentation does) reduce individual or species 
fitness as a result of reduced access to food, cover, potential mates, or other components of 
habitat – which theoretically could be measured as a decline in reproduction, survival, or genetic 
diversity. However, this connection between avoidance and population demographics has not 
been well established (NRC 2007), and is an important area for future research.  
 
Some advantages of using the framework described in this appendix to assess risk to wildlife 
from different wind power projects include the following: 
 

1. Encourages consistency among ecological assessments by providing a structured 
framework and common language. 

2. Encourages methodical selection of well-defined, susceptible, valued wildlife 
species, appropriate properties of those species, and critical levels of effects that are 
the subject of the assessment. 

3. Provides a framework within which the amount and type of data needed to support 
environmental decisions can be discussed, resolved, and implemented. 

4. Provides a structured flow of information that encourages input from all stakeholders. 

5. Encourages good science, including well thought-out assessment designs, 
appropriate endpoint selection, and evaluation of uncertainty. 

6. Focuses the assessment on the environmental decisions of greatest relevance and 
importance and the level of certainty required to make those decisions. 

7. Encourages the development of a knowledge base that can be used in many types 
of assessments. 

 
 
FRAMEWORK DESCRIPTION 
 
Figure 1 presents a graphical presentation of the general framework for minimizing impacts of 
wind development on wildlife in the context of the siting and development of wind energy sites. 
In the framework, risk tiers are associated with specific activities in the pre- and post-
construction stages of a wind development project, and reflect the amount and types of 
information required for decision-making within a specific tier. For example, suppose that in the 
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early stages of development a company identifies several sites that are available and meet the 
criteria for construction of a wind energy facility and the company is interested in comparing the 
risk to raptor survival at each site. A lower tiered assessment (e.g., a first tier), which can be 
accomplished in a small amount of time on a limited budget, could be used to compare the 
sites. While this type of assessment will have a relatively low cost and may be adequate to 
identify screening criteria on the landscape scale, the relative uncertainty of this approach is 
high because it comprises a review only of existing information. A higher-tiered assessment 
(e.g., a second tier), consisting of a site visit, and even a longer-term (e.g., third tier) field study 
coupled with extensive modeling of potential impacts will have less uncertainty, but will take 
longer and be more costly. The need for, and usefulness of, any specific tier is established by 
the feedback loop built into the framework described in this appendix. As the information for 
each tier is processed, the need for additional studies to support the risk-based decisions is 
explicitly addressed. In general, the need to advance to a higher tier is based on whether there 
is adequate information to estimate risk (within an acceptable bounds of uncertainty), and 
whether the information is sufficient to support management decisions that are based on the 
magnitude of the risk estimate. 
 
We illustrate the application of this framework by using a generalized framework consisting of 
five tiers. Tiers 1 – 3 are generally associated with pre-construction assessments, and Tiers 4 
and 5 are generally associated with post-construction assessments; although, depending on the 
study design, Tier 5 studies may begin pre-construction. Note that within each tier, information 
is obtained and decisions are made concerning the quality and quantity of the required 
information. If required to more fully address the questions of interest, additional data are 
obtained. A brief description of each tier is provided below. Additional information on the 
methods and metrics utilized in each tier, and the basis for interpretation and risk-based 
decision-making within each tier, are described in the body of the resource document, 
Comprehensive Guide to the Study of Wind Energy/Wildlife Interactions.  
 
Using the framework, a hypothetical case study is presented, involving a wind project in central 
California. The company (called Company X) has identified a potential market for renewable 
energy and has looked at wind resources, transmission, access, and other non-wildlife related 
issues and has developed a list of four potential project areas. The case study is not meant to 
represent any specific project. The case study addresses a range of issues that are beyond the 
scope of a typical wind development project. The objective of the case study is to illustrate the 
application of a large number of methods and metrics that are discussed in detail in the 
resource document. References to individual metrics and methods within each tier are provided 
as appropriate. 
 
Preliminary Site Screening and General Area or Regional Assessment 
 
The objective of preliminary site screening (preliminary screening) is to assess conservatively 
the suitability of a potential wind energy site(s) during the pre-construction phase. This 
preliminary screening might occur at a landscape scale, covering a general area or even a 
region, or it might be restricted to looking at one or more areas already identified as potential 
project sites. Regardless, the goal is to identify with existing information the potential wildlife 
conflicts associated with developing wind energy in the region, area, or specific sites. This 
information can then be used to aid in selecting one or more potential sites that can be carried 
through to the next level of evaluation. Where available information is adequate, the developer 
should focus on sites expected to have minimal risk to wildlife, or identify sites where, if 
development occurs, there is a high potential for impact mitigation. 
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Figure 1. Basic concepts employed in the risk framework. 
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This preliminary screening typically will identify where information gaps exist. The screening 
process typically will not include stakeholder involvement, but wind developers are encouraged 
to engage regulatory agencies and other stakeholders as early as possible in the initial 
discussions and investigations associated with wind energy siting decisions, as stakeholders 
may be a source of available information used in the screening. Some wind developments will 
not require the preliminary screening process, particularly those in which advanced planning 
and prior siting decisions have been completed or when an existing facility is being expanded. 
 
A key step in any tier is the development of a problem formulation. Normally, problem 
formulation for the screening process will be preliminary, and the more detailed problem 
formulation will occur as a part of later tiers. Regardless of whether it is during screening or the 
assessment of a specific site or sites, because this is the first phase of the formal analysis, and 
the first time the problem will be formulated within a multi-tiered process, this initial problem 
formulation could influence the methods, metrics, and data collected in subsequent tiers. As part 
of problem formulation, the potential types and causes of impacts to wildlife are typically 
identified and selected. The objective of problem formulation is to focus the risk analysis on the 
most relevant potential geographic and biological factors affecting wildlife risk. In most cases, 
the wildlife species, guilds, and communities of interest (and their properties), including those 
that are expected to affect a management decision, are identified during this step. For example, 
passerines make up the majority of fatalities associated with wind energy projects and comprise 
the largest proportion of birds passing over most wind energy facilities (NRC 2007). 
Nevertheless, raptors in general appear to be more susceptible to collisions than other groups 
of birds, probably because of their foraging and flight behavior. Therefore, during the problem 
formulation stage of a proposed facility in a location where raptors are common, methods and 
metrics focusing on measuring risk to raptors would be appropriate (Hoover and Morrison 
2005).  
 
The selection of species of interest must consider not only presence and exposure, but also 
geographic characteristics of the facility and species-specific characteristics that influence 
behavior. For example, at the Foote Creek Rim wind facility in Wyoming (Johnson et al. 2000b), 
the raptors and other large bird species most exposed to turbines were golden eagle, American 
crow (Corvus brachyrhynchos), red-tailed hawk (Buteo jamaicensis), common raven (Corvus 
corax), and black-billed magpie (Pica pica). The common raven and red-tailed hawk had similar 
exposure based on flight height and abundance, but fatality monitoring showed that the latter 
species is much more susceptible to collisions with wind turbines, apparently because of 
hunting behavior (NRC 2007). 
 
In any case, the problem formulation stage, even informally within screening, must consider the 
species of interest and the associated turbine-related causes of risk. In the more formal problem 
formulation process, a conceptual model of the potential wind energy-wildlife interactions is 
developed, and the methods and metrics used to assess the magnitude of risk are initially 
selected. The required data at this stage typically are general rather than site-specific in nature, 
and are publically available and easily accessible. A feedback loop is built into the decision 
logic, allowing for the re-evaluation and selection of sites during this preliminary screening 
phase of the assessment.  
 
Case Study Example 
To illustrate this screening process we begin our hypothetical case study with four potential sites 
in a general area (see Chapter 2 for specific methods and metrics for identifying candidate 
sites). For each site, preliminary information appropriate for a Tier 1 site screening was 
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compiled. The objective of compiling this information is to forecast potential exposure to birds 
and bats at the individual and population level at each of the candidate wind facilities. 
 
Information sources included the state wildlife agency’s wildlife database, which includes 
biological information on the status of declining or vulnerable species. In addition, we also used 
information from the state wildlife and habitat atlas (WHA) system, containing life history, 
geographic range, habitat relationships, and management information for regularly occurring 
species of amphibians, reptiles, birds, and mammals.  
 
The desktop evaluation of the four candidate sites revealed that two of the sites were near 
known high-use areas of two species of concern that are known to collide with wind turbines. 
These candidate sites were eliminated from further consideration by the wind developer. In 
addition, the transmission capacity of the candidate sites was deemed insufficient for 
development from a cost-effective perspective. The remaining two candidate sites were further 
evaluated during the Tier 2, the site evaluation and selection portion of the assessment. 
 
Site Evaluation 
 
A more in-depth assessment of the candidate sites selected through the screening process is 
conducted during site evaluation, with the goal of site selection. Within each tier, the process 
begins with the problem formulation stage. Generally, if a formal screening process occurs, the 
problem formulation generated during screening can be used as a guide for problem formulation 
in site evaluation and selection. More site-specific questions of interest should be explicitly 
noted, however, and the problem formulation will necessarily be much more detailed. For 
example, the list of species of concern may contract or expand even though the geographic 
characteristics of interest and impacts of concern generally will not change. A review of the 
problem formulation at each tier of the assessment is strongly encouraged. The exercise should 
help reinforce the objectives of the study, and focus the methods, metrics, and data 
requirements. 
 
At this step in the process it is essential that a review of the available data has been completed, 
either during screening or site evaluation, to assess the quantity and quality of the information 
with respect to the questions of interest. Site screening and evaluation depend on publically 
available and easily accessible data; however, the data requirements are generally site-specific 
for site evaluation and selection and normally include a site visit and empirical observations of 
site characteristics. An active analysis of the data is generally required to forecast the relative 
risk posed by site development to wildlife populations. If the data are sufficient, the final site(s) is 
(are) identified and the more quantitative baseline and modeling studies are implemented, if 
necessary. In some instances, the permitting process would begin at this point without the need 
for further studies. 
 
Case Study (continued) 
Because of the regulatory environment in the state where the two sites are located, Company X 
began the permitting process early by approaching the county agency responsible for issuing a 
land use permit. Company X and the county representatives met to review the county’s 
standard conditions for addressing resource policies that apply to wildlife issues. Working 
closely with the county, the following key objectives, including key issues of concern, were 
developed during the problem formulation: 
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• The overall objective of the site evaluation is to site the proposed wind facility at a 

location that will minimize impacts to wildlife during post-construction operation of the 
wind facility, or where the identified risk and potential impacts can be mitigated. 

• Habitat impacts during pre-construction were discussed and potential habitat impacts for 
bird species were identified as a concern for site selection. In addition, general habitat 
loss caused by construction, and changes to the biological community structure and 
function (such as aversion/displacement due to the presence of wind turbines) were 
identified as potential issues of concern. 

• Special consideration in site selection is attributed to potential risk of turbine operation 
on state‐listed Threatened or Endangered species. In the state where this case study is 
set, potential risk associated with these species may require an additional permit under 
the State endangered species act. If the affected species are also federally listed, the 
facilities may also require permits under the Federal ESA.  

 
After reviewing the initial problem statements and initial available information, Company X 
decided that additional details and biological data were required for a final site selection. The 
two sites selected for evaluation were similar in every respect (e.g., wind, transmission, access) 
with the exception that the geographical locations of candidate sites (called site 1 and site 2) 
were dissimilar. Candidate site 1 was located in desert regions at high elevation, and candidate 
site 2 was located in grasslands at a lower elevation. 
 
Company X received landowner permission to access the remaining candidate wind energy 
sites, and arranged for a wildlife biologist knowledgeable about the biology of wildlife species of 
interest in the region to conduct a reconnaissance survey of the sites. Company X personnel 
and their consultants made site visits for the purpose of siting possible turbine locations. The 
biologist prepared a more detailed survey by securing recent, publically available aerial 
photography of the site. The survey provided coverage of all land cover types in and 
immediately adjacent to the potential project sites that provided a basis for predictions about 
species occurrence at the site throughout the year. 
 
Data and pre-permitting and operational studies from nearby wind energy facilities were 
obtained and evaluated (see Chapter 2 for a discussion of methods and metrics appropriate for 
use in site evaluation). A comparable wind facility site near site 1 was identified and the 
geographical characteristics, the wildlife species, the wind conditions, and the geography were 
all determined to be similar to site 1. While not always available, the preliminary development 
plan, including potential turbine types and turbine arrangements for site 1 was also similar to the 
existing wind facility. Therefore, the nearby site could provide insights into the expected fatality 
rate at the candidate site 1 location. Evaluation of post-construction monitoring studies at the 
nearby-site showed relatively high turbine-caused raptor mortality associated with spring and fall 
migration. After extensive analysis (see Chapter 2), the developer determined that the 
information and insights gained from the nearby site could reasonably be used to forecast 
expected wildlife impacts at site 1.  
 
Evaluation of existing data collected at an existing wind facility near site 2 showed little avian 
mortality and no bat mortality associated with site operations. However, the available data set 
represented only one full year of operational monitoring. Therefore, the ability of the nearby site 
to represent the expected fatality rate at site 2 was uncertain. The developer determined that 
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additional information needed to be collected at the site 2 location to better assess the risk to 
bird and bat individuals and populations at site 2. 
 
Site 2 was selected for further evaluation based upon the review of existing site-specific data, 
review of post-construction data at the near-by site, and expert judgment. Although the nearby-
site information suggested negligible risk resulting from wind energy operations at site 2, there 
was uncertainty over the amount of use by both birds and bats at the proposed site, and how 
this uncertainty should translate into expected avian and bat risk. Nevertheless, Company X 
decided move to the project design and permitting step of the assessment framework.  
 
Project Design and Permitting Process 
 
As with the prior steps in the risk assessment, the project design and permitting phase begins 
with a re-evaluation of the problem formulation. Information gained during the site-specific 
evaluation analyses can be reviewed and used to update or modify the questions and issues of 
interest. Again, investigators need to make a decision concerning the quality and quantity of 
existing information. If the information collected in prior steps in the process is sufficient, the 
formal permitting process is implemented. However, if an active analysis of existing data results 
in the need for additional information, more quantitative baseline and model studies are 
designed and implemented.  
 
The objective of the baseline studies is to forecast the quantitative risk and potential impacts to 
birds and bats at the selected site(s). The studies may utilize models or statistical analysis of 
existing data and often include field studies to fill important data gaps. The fatality predictions, 
and in some cases habitat risk/impact predictions, should be made in such a way that it is 
possible to evaluate them post-construction. If necessary, this is the point in the framework 
when the pre-construction component of studies requiring both pre- and post-construction data 
(e.g., before-after control-impact [BACI] study) must be initiated (see Chapter 5 for further 
information). Note that before-after studies, if appropriate, generally will be carried into a post-
construction analysis (see below) during post-construction monitoring. 
 
During the project design and permitting process, a review of available pre‐permitting data to 
evaluate which species might collide with turbines or suffer direct and indirect habitat impacts 
and which non‐biological factors (such as topographic and facility design features) might 
contribute to this risk is essential. The presence of special‐status species using areas that put 
them at risk may be enough to determine that there are potential impacts. Turbine design 
characteristics and proposed siting locations are two known factors that should be considered 
during the impacts analysis in assessing potential contribution to risk. Some factors are 
presented with the understanding that little is currently known about their contribution to fatality 
or displacement risks, so it is incumbent upon biologists making impact determinations to be 
familiar with the latest research. Operations monitoring from neighboring projects can provide 
important information on potential impacts. Information developed during Project design and 
permitting studies should support the preparation of a plan to avoid, minimize, or mitigate the 
expected wildlife risks.  
 
During the permitting process, additional information generated during site field studies may be 
required. Frequently, companies will choose to collect site-specific data to assist in the design of 
a facility even when not required by the permitting process. Information is collected until 
sufficient data are obtained, so that the company, regulators and stakeholders understand the 
risk potential of the planned wind energy site. An objective of this feedback loop is to work 
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closely with regulators and other stakeholders to obtain a high degree of belief that the wind 
energy project will have minimal, or at least acceptable, wildlife impacts.  
 
At the end of the project design and permitting process, if the anticipated risks to wildlife are 
determined to be acceptable by the developer and the regulatory authority when a permit is 
required, the project is constructed and the post-construction stages of the project are initiated.  
 
Case Study (continued) 
Using the existing information collected in the evaluation stage, Company X decided that while 
existing fatality studies suggest that exposure of bat populations in the geographic area of site 2 
is minimal, there remains a great deal of uncertainty regarding risk to bats. Therefore, at the 
project design and permitting stage of the assessment problem formulation addresses exposure 
of bat species to turbines, with an emphasis on exposure of Threatened and Endangered 
species. The developer also determined that more information was required to forecast site-
specific risk to avian species.  
 
Methods and metrics appropriate for forecasting avian and bat risk were reviewed (see Chapter 
3), and the developer determined that one year of pre-construction diurnal avian surveys, 
including nocturnal radar monitoring studies, and bat use surveys during the spring and fall 
migration season were needed to accurately address the fatality potential of birds and bats 
under conditions at site 2. The county permitting authority and Company X agreed that the 
additional information was needed and Company X implemented a series of studies designed to 
meet the additional data needs.  
 
The studies were designed to collect information on avian flight direction, migration phenology, 
migration intensity (movement rates), and flight altitude of migration during each season, and 
bat use and species composition using methods described in Chapter 3. The site was a mixture 
of native shrub-steppe vegetation and areas that had largely been converted to cultivated wheat 
fields interspersed with grasslands. Therefore, with consultation of the County Planning 
Department, raptor use counts, songbird use counts, and nocturnal radar studies and bat 
acoustic surveys were implemented. The objective of the studies was to gather information for 
estimating the number of bird and bat collisions as a function of behavior, flight patterns and 
seasonal distribution and abundance. 
 
In addition to the above studies, a baseline fatality study was implemented. The objective of the 
site-specific fatality study was to provide baseline information on the fatality of avian species 
that will later be compared to data collected during post-construction fatality studies, as a part of 
a before-after (BA) study design (see Appendix A). The Company reviewed the many types of 
survey designs that are appropriate for this objective (see Chapter 3). The Company presented 
a proposed protocol for studies to the county. Based on these discussions the company chose 
to use matched pairs of study sites in both the development area and a control area, in the 
context of a BACI study design (see Appendix C). Details of this approach and recommended 
implementation strategies are found in Chapter 3. 
 
At the conclusion of the first year of site-specific monitoring, and analysis of the first-year data 
was carried out. Population models based on the abundance studies were developed. Flight 
patterns were evaluated with respect to the expected collision rate anticipated with the proposed 
turbines. Analysis of the data resulted in the conclusion that individual birds representing 
several avian species were at risk, including the golden-crowned kinglet (Regulus satrapa) and 
red-tailed hawk. The pre-construction fatality studies identified several fatalities for these 
species within the site boundaries. The golden-crowned kinglet is a low-flying nocturnal 
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migrating neo-tropical songbird that was considered to have a potential exposure to collision 
with wind turbine blades during migration. However, the risk to individuals of this species was 
estimated to be low, with no population effects indicated. The red-tailed hawk, on the other 
hand, resides in the area year-round and its hunting behavior is thought to create a potentially 
high risk of collision. Nevertheless, the number of fatalities estimated as likely to occur was 
unlikely to result in a measurable impact on the local population. Bat use was determined to be 
low throughout the area, although some use by the hoary bat (Lasiurus cinereus), a species 
known to collide with wind turbines, was discovered during the fall migration season. In addition, 
no impacts associated with habitat disturbance were anticipated, including changes in bird or 
bat behavior caused by the presence of the wind turbines. Evaluation of the site geographic 
characteristics and food sources indicated that risk to burrowing owl (Athene cunicularia) habitat 
was negligible. 
 
However, in an attempt to minimize any unanticipated risk, Company X initiated a mitigation 
planning process with the goal of minimizing any unexpected impacts that could occur during 
post-construction operations. The planning was focused on siting turbines to minimize risk to 
birds and bats based on the baseline data. While there is a great deal of uncertainty regarding 
the effectiveness of many risk reduction measures, Company X decided to test the hypothesis 
that painting turbine blades would decrease the number of red-tailed hawk fatalities. The 
company randomly selected turbines for blade painting (the treatment) and a matched pair of 
turbines painted using the standard paint adopted for the facility (the control). In addition, 
Company X also considered the implementation of a cooperative grazing program with the 
landowner to improve offsite habitat for the burrowing owl. 
 
A construction permit was granted by the County Planning Department containing specific 
provisions for two years of post-construction monitoring. Therefore, the project moved into the 
post-construction assessment phase of the analysis. 
 
Site Build-Out, Operation, and Post-Construction Evaluation 
 
Prior to the initiation of studies during construction and post-construction activities, problem 
formulation is reviewed and information gathered during prior tiers is used to revise, as 
necessary, the issues and endpoints of concern. As with prior tiers, an evaluation of existing 
information is conducted to determine the focus of post-construction monitoring, which then is 
undertaken. Additional data may be required during any stage of the assessment process, and 
the framework should incorporate a feedback loop in which additional data can be collected. 
Note that some studies begun during pre-construction may continue during the post-
construction phases. 
 
Chapters 4 and 5 describe the standardized techniques recommended for collecting, 
interpreting, and reporting post‐construction monitoring data. Typically, the objective of post-
construction operations monitoring at wind turbine sites is to collect bird and bat fatality data, 
and compare the results to similar data collected from other wind energy facilities. In some 
cases post-construction monitoring data also can be compared to data collected during the pre-
construction phases of the project. This information is required to evaluate and verify the 
effectiveness of avoidance and minimization measures and, when a permit is required, to 
document compliance with applicable permit requirements. In addition, special post-construction 
studies may be needed to evaluate the success of mitigation and risk reduction strategies.  
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At a minimum, the primary objectives for post-construction operations monitoring are to 
determine: 
 

• Whether estimated fatality rates described in pre‐permitting assessment were 
reasonably accurate; 

• Whether habitat impacts described in pre-permitting assessment were reasonably 
accurate; 

• Whether the avoidance/displacement, minimization, and mitigation measures 
implemented for the project were adequate or whether additional corrective action or 
compensatory mitigation is warranted; and 

• Whether overall risk to wildlife is acceptable.  

 
Both direct and indirect impacts may be addressed in post-construction studies. Direct impacts 
refer to bird and bat collisions with wind turbine blades, meteorological towers, and guy wires, 
and destruction of habitat. Direct impacts are determined by site-specific surveys of wildlife 
fatalities and through the measurement of habitats permanently lost. Operations monitoring of 
fatality impacts typically consists of counts of bird and bat carcasses in the vicinity of wind 
turbines and may include ongoing bird use data collection. The number of carcasses counted 
during operations monitoring is likely to be an underestimate of the birds and bats actually killed 
by wind turbines for several reasons. Searchers will inevitably miss some of the carcasses. In 
addition, some carcasses may disappear due to scavenging or be destroyed by farming 
activities such as plowing. Some birds and bats also may not be counted because injured 
animals may leave the search area before dying. Most fatality estimates reported at wind energy 
projects are therefore extrapolations of the number of fatalities with corrections for sampling 
biases (see Chapter 3). Some bird and bat fatalities discovered during searches and used in 
fatality rate estimation may not be related to wind turbine impacts. It is common for studies of 
fatalities at wind energy facilities to assume all fatalities discovered on study plots under 
turbines are due to turbine collision, unless an alternative cause of death is obvious (NRC 
2007). Natural bird and bat fatalities and predation occur in the absence of wind turbines, and 
unless background fatality is included in an operations monitoring study, the results may 
incorrectly estimate project‐related fatality rates. If background fatality studies are conducted 
during pre-construction studies this potential bias in fatality estimates could be taken into 
account. Background fatality survey methods should be consistent with carcass survey methods 
used at the turbines. In most cases it is not necessary to conduct background fatality surveys 
unless greater precision in wind project fatality estimates are needed. The alternative is to make 
the conservative assumption that all fatalities found in post construction studies are attributable 
to the wind facility. 
 
While the estimation of direct habitat loss is fairly straightforward and is determined from the 
actual footprint of the wind facility (e.g., turbine pads, roads, and power substations), indirect 
impacts from behavioral avoidance of a wind facility is more difficult to measure and may be a 
major concern at some facilities. These impacts require a measure of animal behavior in 
response to the presence of wind facilities. The impact occurs as a result of an animal’s reduced 
use of otherwise suitable habitat because of the presence of structures or human activity 
associated with the structures in a facility. These impacts may be short-term, if animals 
habituate to the facility, or long-term, if no habituation occurs. 
 
Methods for conducting these fatality field surveys are discussed in Chapter 4. Equations for 
estimating the “true” fatality rate, including methods for adjusting the found number of birds and 
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bats for observer bias and scavenging, are also discussed in Chapter 4. Habitat impact 
assessments are discussed in Chapter 5. 
 
Population models (see Chapter 5) can be used in post-construction studies to assess the risk 
to wildlife populations. Population models are generally restricted to species that have been 
shown to be of high concern in prior tiers of the assessment. Combining model predictions with 
use surveys can provide insights into the risk at the population level as a function of the fatality 
rate associated with individuals, and can provide insight into the likelihood that habitat loss is 
having a population level effect.  
 
Adaptive management, albeit primarily passive adaptive management (Walters and Holling 
1990), may be implemented at some wind energy facilities to evaluate the success of post-
construction mitigation measures. The decision to expand or modify a wind facility can be made 
at any time during the operation of a wind facility. Decisions are made as new insights are 
drawn from the database of site-specific data. For example, the initial mitigation approaches 
proposed in pre-construction tiers may not result in the anticipated level of risk. Alternative 
management strategies can be implemented, new data collected and analyzed, and the risk 
estimates refined within an overall management strategy. Chapter 5 provides additional 
information on adaptive management techniques and approaches. 
 
Within the risk paradigm, the uncertainty associated with the direct measurement (or modeling) 
of wildlife impacts should include explicit statements of the uncertainty in the risk 
characterization. The approach to uncertainty analysis can vary between simple statements of 
the unknown factors affecting the risk characterization to a formal analysis of uncertainty, using 
for example Monte Carlo analysis (Manly 1997) to generate a prediction uncertainty from a 
population model. Uncertainty in fatality estimates should generally be reported, and uncertainty 
due to inconsistency in survey design changes, small sample sizes, and spatial and temporal 
variability should be discussed.  
 
Post-construction methods used to estimate impacts and evaluation predictions of risk should 
be refined relative to those employed in earlier tiers. Site-specific measurements of fatality 
generally are required. Methods that estimate the probability of an individual kill, habitat loss, or 
population decline may be appropriate at sites where impacts of the wind facility are expected to 
be significant. The selection of methods and metrics for probabilistic assessment are discussed 
in Chapter 5. 
 
The tiered framework ends when the site is reclaimed at the end of the project life. 
 
Case Study (continued) 
The permit required two years of post-construction monitoring. The BACI paired site fatality 
survey was continued during the post-construction phase of the project (a Tier 5 study). As part 
of the operations monitoring, data were gathered on site-specific geographic features (elevation, 
terrain descriptions, etc.). In addition, explicit operating information from each turbine was 
compiled during the first year (operating time per search interval and wind velocity during 
operations, etc.). At the end of the first year, fatality data compiled during the operations period 
were evaluated, and species-specific fatality estimates per MW-rotor swept hour were derived 
(see Chapter 4) and compared to the baseline estimates generated during pre-construction 
studies. The data showed a significant increase (above baseline) in the fatality rates of the red-
tailed hawks during migration. The increase was incurred in spite of the mitigation methods in 
place at the time of initial operation. Fatality rates for other species were not significantly 
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different than the background estimates generated during pre-construction studies, or were 
otherwise consistent with the predictions developed using baseline data. 
 
Based on the first-year findings, a study focusing on the red-tailed hawk population 
demographics was initiated. The study objective was to correlate the red-tailed hawk fatalities 
with site-specific covariates that may be associated with the fatality increase and to estimate the 
impact of these fatalities on the viability of the local population. A predictive model, 
parameterized using site-specific engineering and biological data as model inputs, was created 
and tested. The model was used to forecast the probability of an individual bird fatality as a 
function of changes in current operation of the wind facility, and the effect of those changes on 
the demographics of the population. Using results from the model, and additional information 
from the literature concerning the success rate of mitigation approaches, a rodent control 
program was initiated in an attempt to eliminate a key food source of the red-tailed hawk. 
Operations monitoring continued into the second year of the post-construction phase under the 
assumption that the data analysis and modeling would be repeated as new data were compiled. 
A population model (see Chapter 5) was developed specifically for the red-tailed hawk, and was 
parameterized using region-specific geographic information and species-specific biological 
information. Results from the population model indicated no population-level risk was 
associated with wind energy operations.  
 
The above discussion explains in some detail the different potential tiers that could be used in a 
tiered assessment of the potential risk to wildlife from wind energy development and a 
discussion of the evaluation of risk predictions and risk reduction measures. While not all 
facilities will need to conduct all levels of this tiered risk assessment, we included a discussion 
of all tiers for a complete illustration of the process. The hypothetical case study was used to 
illustrate the different tiers. As with the description of the tiered process, the case study was 
carried through a much more complicated process than is typically necessary for a wind facility, 
again for the purpose of illustrating the process. 
 
Determining the Appropriate Level of Precision in Site Studies 
 
Studies and analyses performed in a risk assessment must identify the appropriate level of 
precision and scientific rigor needed before each study can begin. Factors that figure in 
determining the appropriate level of precision are described in detail in Appendix C and include 
such items as regulatory requirements, cost, available time, site conditions, and other topics. In 
the case of state or federally listed species, specific protocols that help to establish the level of 
precision and scientific rigor required may already be available. In the case of commonly 
conducted studies needed to address state or federal environmental impact assessments, the 
appropriate level of precision is often well established. Budget is often the determining factor in 
the level of effort. It is important to recognize that some questions are unanswerable with 
available methods. The level of effort also is strongly influenced by the level of confidence 
desired in answering questions. In most cases, wildlife studies cannot achieve and do not 
require a high level of precision. Wildlife studies related to wind projects should strive for a level 
of precision in the studies that is scientifically supportable, but that provides a reasonable 
balance between cost, time required, and usefulness for future meta-studies. 
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INTRODUCTION 
 
Public interest in the impact of wind energy development on wildlife has led some state and 
federal agencies responsible for permitting wind facilities or protecting potentially affected 
wildlife species to require studies to:  
 

• Predict the potential effect of proposed wind facilities on wildlife and their habitat, 
particularly birds and bats. 

• Evaluate the actual effects on wildlife and their habitat from wind facilities in operation. 

• Determine the causes of wildlife fatalities and habitat impacts. 

• Evaluate methods for reducing risk of fatality and habitat impacts. 

 
This appendix provides a guide to regulators, industry developers, scientists, and interested 
members of the public on statistical considerations so that studies of wind facilities and wildlife 
interactions will withstand scientific, legal, and public scrutiny. While wind energy development 
presents somewhat unique environmental perturbations, the principles involved in designing 
studies of its effect on wildlife are the same as for other environmental perturbations.  
 
This appendix describes how the quantification of effects fits into the various philosophies of 
design, conduct, and analysis of field studies. This appendix is an update of the guidelines for 
design and statistical analysis of impact quantification from Anderson et al. (1999).  
 
In a perfect world, impacts would be measured without error. For example, bird fatalities on the 
site of a wind facility could simply be counted and the cause of death assigned with certainty. 
However, when a complete count or census is impossible then impacts must be detected by the 
use of scientific study and statistics. Two general classes of statistics can be recognized. 
Descriptive statistics (e.g., mean, median, range) simply describe the parameters of interest. 
The ultimate objective of inferential statistics, however, is to understand – make inferences 
about – a population (group of units) from information contained in a sample (Scheaffer et al. 
1990). Statistical or inductive inferences are made properly in reference to: 
 

1. The design and protocol by which the studies are conducted in the specific study areas; 

2. The specific time period of the study; and, 

3. The standard operating procedures (SOPs) by which data are collected and analyzed. 

 
If either the design protocol or the SOP is inadequately documented, then the study is not 
replicable and its validity is uncertain. In such a situation, it is impossible to know the proper 
extent of statistical conclusions and there would necessarily be less scientific confidence in the 
statistical inferences. A common practice in ecological studies is the extension of study 
conclusions beyond the specific study areas to unstudied areas not included in the original 
sampling frame. This practice is acceptable and often necessary, albeit risky, as long as the 
assumptions are specified and it is clear that the extrapolation is based on expert opinion. When 
the extrapolation is presented as an extension of statistical conclusions it is an improper form of 
data analysis. Deductive inferences that extend beyond the specific study areas to draw general 
conclusions about cause-and-effect aspects of operating a wind facility may be possible if 
enough independent studies of different wind facilities identify similar effects. However, 
statistical inferences beyond the study areas are not possible; nor should this be the primary 
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objective of quantification of impact, given the unique aspects of any development. Although a 
properly designed and implemented study conducted in only one location is valid, as noted 
above (deductive inferences) it is risky to extrapolate such findings to other locations and times.  
 
The Traditional Experimental Design Paradigm 
 
The traditional design paradigm for the true experiment is defined in terms of the following 
principles (Fisher 1966, Pollock 1996): 
 

• Control. The scientist tries to control (standardize) as many variables as possible except 
for those associated with the different treatment conditions that are to be compared. 

• Randomization. The scientist randomly allocates treatments to experimental units so 
that the values of variables not controlled are allocated equally over units (at least on 
average). 

• Replication. Each treatment is allocated to multiple independent experimental units so 
that unexplained or inherent variation can be quantified. Information about the amount of 
inherent variability is needed for valid statistical testing. 

 
Two additional methods are useful for increasing the precision of studies when the number of 
replicates cannot be increased:  
 

1. Group randomly allocated treatments within homogeneous groups of experimental units 
(blocking). 

2. Use analysis of covariance when analyzing the response to a treatment to consider the 
added influence of variables having a measurable influence on the dependent variable. 

 
The study of wind energy development impacts is made difficult by the relatively large area 
potentially affected, the relative scarcity of many of the species of primary concern, and the 
relative scarcity of the events being measured (e.g. mortality, use of a particular turbine by a 
particular species). Quantification of the magnitude and duration of impacts from a wind facility 
necessarily requires an observational design, because the area to receive the wind facility and 
the areas designated as the references (controls) are not selected by a random procedure (i.e., 
they are based on wind potential, existing infrastructure and other technical, business and 
environmental considerations). Observational studies also are referred to as “sample surveys” 
(Kempthorne 1966), “planned surveys” (Cox 1958), and “unplanned experiments / observational 
studies” (National Research Council [NRC] 1985). See Manly (1992), McKinlay (1975), Morrison 
et al. (2008), and Manly (2009) for a discussion of the design and analysis of observational 
studies. Impact studies typically are large field studies, as opposed to manipulative experiments 
or observational studies in subjectively selected small homogenous areas. Data are collected by 
measurement of an event and the resulting change in selected response variables in time and 
space. 
 
Conclusions concerning cause-and-effect regarding impacts of wind facilities on wildlife are 
limited. Practically speaking, pre-treatment data are often unavailable, identical “control” areas 
seldom exist, and thus proper controls are absent. Moreover, there is no random assignment of 
treatment, and replication is usually impossible. Wind facility sites are selected because they 
are very windy, there is access to the sites, a market exists for the power produced, and there is 
an existing infrastructure (e.g., a power grid). These sites tend to be relatively unique 
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topographically, geographically, and biologically, and are difficult to duplicate, at least in a 
relatively small area. Even if all the potential wind sites are known in an area, the decision 
regarding where to locate the facility is never a random process. Finally, the expense of a wind 
facility makes replication impractical. Thus, one does not have a true experiment. 
 
In all studies of impact, including wind facility impacts, it is essential that several basic study 
principles be followed. The following is a brief discussion of some of the more important 
principles. For a detailed discussion of these principles see Green (1979), Skalski and Robson 
(1992), and Morrison et al. (2008). 
 
Know the Question 
It is essential that the question being addressed by the study be clearly understood. Study 
questions form the basis for developing hypotheses, and help to define the parameters for 
comparing hypothesized outcomes with actual study results. (See section on Data Analysis for a 
more direct discussion of hypothesis testing.) The design of the study protocol depends on the 
question being addressed. The protocol that addresses the question of wind facility risk to 
individual animals is substantially different from a protocol addressing the risk to a population of 
animals. A clear understanding of the question increases the efficiency of the research. It is a 
waste of time and money to collect vast quantities of data with the idea that their meaning will 
become obvious after the data are analyzed. The outcome of a study is more likely to be useful 
if an appropriate study design is followed and all interested parties have a clear understanding 
of the research question. Studies of wind facility impacts on wildlife should allow the question to 
be addressed through inductive (statistical) inferences as well as deductive inferences (expert 
opinion). These inferences should help provide a sound scientific basis for development of 
protocols for quantification of wind energy impact.  
 
Replicate 
Replication means repetition of the basic experiment (Krebs 1989) within each time and location 
of interest, producing multiple sets of independent data. Essential for statistical inference, 
replication allows the estimation of variance inherent in natural systems and reduces the 
likelihood that chance events will heavily influence the outcome of studies. Proper statistical 
inference must also keep the proper experimental unit in mind. In studies of wind energy 
development the experimental unit may be a turbine, a string of turbines, or the entire wind 
facility. Using the wrong experimental unit can lead to errors in the identification of the proper 
sample size and estimates of sample variance. Confidence in the results of studies improves 
with increased replication; generally speaking, the more replication in field studies the better.  
 
The concept of replication often is confusing in the conduct of environmental studies; what 
constitutes replication of the basic experiment depends on the objective of the study. For 
example, if the objective is to compare bird use of a wind facility to bird use in a similar area 
without the wind facility, replication may be achieved by collecting numerous independent 
samples of bird use throughout the two areas and all seasons of interest. In this case the 
sample size for statistical comparison is the number of samples of bird use by area and season. 
However, if the objective is to estimate the effect of a wind facility – or all wind facilities in 
general – on bird use, then the above wind facility constitutes a sample size of one, from which 
no statistical comparisons to other sites are possible. The statistical extrapolation of data from 
one study site to the universe of wind facilities is one of the more egregious examples of 
pseudoreplication (i.e., “false” replication) as defined by Hurlbert (1984) and Stewart-Oaten et 
al. (1986).  
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When determining the sample size in an experiment, a good rule to follow is that the analysis 
should be based on only one value from each sample unit. If five sample plots are randomly 
located in a study area, then statistical inferences to the area should be based on five values – 
regardless of the number of animals which may be present and measured or counted in each 
plot. If five animals are captured and radio-tagged, then statistical inferences to the population 
of animals should be based on a sample of five values, regardless of the number of times each 
animal is relocated. Repeated observations of animals within a plot or repeated locations of the 
same radio-tagged animal are said to be dependent for purpose of extrapolation to the entire 
study area. Incorrect identification of data from sampling units is a common form of 
pseudoreplication that can give rise to incorrect statistical precision of estimated impact. It 
becomes obvious that replication is difficult and costly in environmental studies, particularly 
when the treatment is something as unique as a wind facility. 
 
Randomize 
Like replication, an unbiased set of independent data is essential for estimating the error 
variance and for most statistical tests of treatment effects. Although truly unbiased data are 
unlikely, particularly in environmental studies, a randomized sampling method can help reduce 
bias and dependence of data and their effects on the accuracy of estimates of parameters. A 
systematic sample with a random start is one type of randomization (Krebs 1989). The goal with 
randomization is both to thoroughly sample the units (e.g., area, animals) of interest to capture 
the existing variability and to prevent the introduction of personal bias when an observer simply 
selecting units that are readily visible or otherwise easy to obtain.  
 
Collecting data from “representative locations” or “typical settings” is not random sampling. If 
landowner attitudes preclude collecting samples from private land within a study area, then 
sampling is not random for the entire area and might not result in an unbiased sample. We say 
“might not” in the previous sentence because the outcome would depend, at least in part, on the 
characteristics of the specific location where access is denied. In studies conducted on 
representative study areas, statistical inference is limited to the protocol by which the areas are 
selected. If private lands cannot be sampled and public lands are sampled by some unbiased 
protocol, statistical inference is limited to public lands. The selection of a proper sampling plan is 
a critical step in the design of a project and may be the most significant decision affecting the 
utility of the data when the project is completed. If the objective of the study is statistical 
inference to the entire area, yet the sampling is restricted to a subjectively selected portion of 
the area, then there is no way to meet the objective with the study design. The inference to the 
entire area is reduced from a statistical basis to expert opinion.  
 
Control and Reduce Errors 
The precision of an experiment (i.e. the amount of random error in estimates) can be improved 
through increased replication, but this is expensive. As discussed by Cochran (1977) and Cox 
(1958), the precision of an experiment can also be increased through:  
 

1. Control of related variables. 

2. Refinement of the experimental techniques including greater sampling precision within 
experimental units. 

3. Improved experimental designs, including stratification and measurements of non-
treatment factors (covariates) potentially influencing the experiment. 
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Control of related variables. Good experimental design should strive to improve the precision 
of conclusions from experiments through the control (standardization) of related variables 
(Krebs 1989). In the evaluation of the effect of some treatment (e.g., an anti-perching device) on 
the frequency of raptor perching on wind turbines, it would be most efficient to study the devices 
on the same model turbine, controlling for turbine type. One could evaluate the effect of wind 
turbines on bird use by making comparisons within vegetation types, and thus control for the 
effect of vegetation. However, standardization of related variables is often difficult in field 
studies.  
 
An alternative to standardizing variables is to use information that can be measured on related 
variables in an analysis of covariance (Green 1979). For example, understanding differences in 
raptor use between areas is improved when considered in conjunction with factors influencing 
use, such as the relative abundance of prey in the areas.  
 
Precision can also be improved by stratification, or assigning treatments (or sampling effort) to 
homogenous strata, or blocks, of experimental units. Stratification can occur in space (e.g., units 
of homogenous vegetation), and in time (e.g., sampling by season). Strata should be small 
enough to maximize homogeneity, keeping in mind that smaller blocks may increase sample 
size requirements. For example, if vegetation is used to stratify an area, then the stratum should 
be small enough to ensure a relatively consistent vegetation pattern within strata. However, 
stratification requires some minimum sample size necessary to make estimates of treatment 
effects within strata. It becomes clear that stratification for a variable (say vegetation type) at a 
finer and finer level of detail will increase the minimum sample size requirement for the area of 
interest. If additional related variables are controlled for (e.g., treatment effects by season), then 
sample size requirements can increase rapidly. Stratification also assumes the strata will remain 
relatively consistent throughout the life of the study, an assumption often difficult to meet in 
long-term field studies. 
 
Minimizing bias. Sampling (study) methods should be selected to minimize bias in the outcome 
of the study. Green (1979) provides several examples of bias introduced by study methods. In 
field studies it is probable that study methods will always introduce some bias. This bias can be 
tolerated if it is relatively small, measurable, or consistent among study areas. For example, the 
estimation of bird use within wind facilities and reference areas may be accomplished by visual 
observation. The presence of the observer no doubt influences bird use to some extent. 
However, if the observations are made the same way in both areas then the bias introduced by 
the study method should have little influence on the measured difference in use between the 
two areas, which is the parameter of interest. Methods introducing severe bias should be 
avoided. 
 
Size and distribution of study plots. The size and distribution of study plots also is an 
important component of the study method. Skalski et al. (1984) illustrated how field designs that 
promote similar capture (selection) probabilities in the different populations being compared 
result in comparisons with smaller sampling error. Green (1979) showed that plot size makes 
little difference if organisms are distributed at random throughout the study area, but that use of 
a larger number of smaller plots increases precision with aggregated distributions. Since 
aggregated distributions are the norm in nature, it generally is better to use a larger number of 
smaller plots well distributed throughout the study area or stratum. 
 
Cost, logistics, the behavior of the organism being studied, and the distribution of the organism 
will determine plot size. Use of larger plots usually allows the researcher to cover more area at a 
lower unit cost (e.g. cost/hectare sampled). Also, plots can be so small that measurement error 
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increases dramatically (e.g. is the study subject in or out of the plot) or the variance of the 
sample increases because the detection of the organism is rare, resulting in a data set with a lot 
of zeros. As a rule, the smallest plot size practical should be selected. 
 
Shape of study plots. The shape of study plots is an important consideration. For example, 
fixed plot and line-intercept sampling work well with common plant and animal species. In fixed 
plot sampling there is an attempt at complete census of some characteristic within selected 
units. Assuming some form of unbiased sampling is conducted, fixed plot sampling should result 
in equal probability of selection of each plot. Point-to-item and line transect sampling are more 
effective when sampling less common items. However, line-intercept, some point-to-item 
methods (e.g., plotless estimates of basal area), and some applications of line transect methods 
(e.g. when larger objects are more easily seen) are biased in that larger individuals are more 
likely to be included in the sample. Morrison et al. (2008) discussed various survey strategies 
including size and shape of survey plots in wildlife studies. The selection of the appropriate size 
and shape of study plot must be made on a case by case basis and is an important component 
of the study protocol. 
 
Pilot Studies 
A small data set can be powerful in aiding the design of environmental studies. Environmental 
studies should make maximum use of existing data. When little or no data exist, a pilot study 
can provide preliminary data useful in evaluating estimates of needed sample size, optimum 
sampling designs, data collection methods, the presence of environmental patterns and other 
factors which can affect the success of the study. Pilot studies can vary from reconnaissance 
surveys to the implementation of a draft protocol in a portion of the study area for a relatively 
short period of time. It may be false economy to try to save money by avoiding some preliminary 
data collection that could dramatically improve the quality of a study. In the absence of data on 
the study area, the first time period of study often becomes the pilot study. If the first period of 
study suggests major changes in the protocol, then the value of the first data set may be 
relatively low in the ultimate analysis of impacts, an important consideration for designs 
dependent on pre-impact data.  A good example where pilot data may be very useful are 
experimental bias trials to understand searcher efficiency and carcass removal prior to 
determining the search interval and other important design considerations of expensive fatality 
studies. While pilot studies are not absolutely necessary, they are recommended when the lack 
of data or delay due to study requirements are major concerns.  
 
Practical Considerations for Study Designs 
Once the decision is made to conduct studies, the following issues must be identified and 
considered: 
 

1. The area of interest (area to which statistical and deductive inferences will be made). 
Options include the facility site, the entire wind resource area (WRA), the local area used 
by animals of concern, or the animal population potentially affected (in this case 
population refers to the group of animals interbreeding and sharing common 
demographics). 

2. Time period of interest. The period of interest may be (for example) diurnal, nocturnal, 
seasonal, or annual. Are the studies for risk or impact prediction (i.e., pre-construction), 
or for risk or impact estimation (i.e., post-construction)? 

3. Species of interest. The species of interest may be based on behavior, fatalities in 
existing wind facilities, abundance, or legal/social mandate. 
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4. Potentially confounding variables. These may include landscape issues (e.g. large-
scale habitat variables), biological issues (e.g. variable prey species abundance), land 
use issues (e.g. rapidly changing crops and pest control), weather, and study area 
access. 

5. Time available to conduct studies. Given the project development schedule, the time 
available to conduct studies often will determine how studies are conducted and how 
much data can be collected. 

6. Budget. Budget is always a consideration for potentially expensive studies. Budget 
should not determine what questions to ask but will influence how they are answered. It 
will largely determine the sample size, and thus the degree of confidence one will be 
able to place in the results of the studies. 

7. Project magnitude. The size of the project or its potential impact often will determine 
the level of concern and the required precision. 

 
 
THE PHILOSOPHY OF STUDY DESIGN 
 
Statistical conclusions are made under two broad and differing philosophies for making scientific 
inferences: design/data-based and model-based. Widespread confusion surrounds these 
philosophies, both of which rely on current data to some degree and aim to provide “statistical 
inferences.” There is a continuum from strict design/data-based analysis to pure model-based 
analysis. The former are exemplified by finite sampling theory (Cochran 1977) and 
randomization testing (Manly 1991). Examples of the latter include global climate change 
models (Morrison et al. 2008) and habitat suitability indices/habitat evaluation procedures 
(HSI/HEP [US Fish and Wildlife Service (USFWS) 1980]) using only historic data (US 
Department of the Interior [USDOI] 1987). Often a combination of these two types of analyses is 
employed, resulting in inferences based on a number of interrelated arguments.  
 
Wildlife studies also may be placed into two classes: mensurative and manipulative (Hurlbert 
1984). Mensurative studies involve making measurements of uncontrolled events at one or 
more points in space or time, with space and time being the only experimental variable or 
treatment. Mensurative studies are more commonly called observational (Morrison et al. 2008) 
or monitoring studies. The following discussion will typically refer to mensurative studies as 
observational studies. Observational studies can include a wide range of designs including the 
BACI, line-transect surveys for estimating abundance, and sample surveys of resource use 
(Morrison et al. 2008). Surveys of abundance and resource use over large areas or for extended 
periods of time also are commonly referred to as monitoring studies and the following 
discussion will use this term as a special class of observational studies. Manipulative studies 
include much more control of experimental conditions; there always are two or more treatments 
with different experimental units receiving different treatments, and random application of 
treatments (Morrison et al. 2008). Pre-construction baseline and post-construction fatality 
studies typically are observational, while other post-construction studies may be observational 
or manipulative. 
 
Design/Data-Based Analysis 
 
In strict design/data-based analysis, basic statistical inferences concerning the study areas are 
justified by the design of the study and data collected (Cochran 1977; Scheaffer et al. 1990). 
Computer intensive statistical methods (e.g., randomization, permutation testing, etc.) are 
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available without requiring additional assumptions beyond the basic design protocol (e.g., Manly 
1991). Design/data-based statistical conclusions stand on their own merits for the agreed-upon: 
 

• Impact indicators 

• Procedures to measure the indicators 

• Design protocol 

 
Re-analysis of the data at a later time cannot declare these basic statistical inferences incorrect. 
The data can be re-analyzed with different model-based methods or different parametric 
statistical methods; however, the original analysis concerning the study areas will stand and 
possess scientific confidence if consensus is maintained on the conditions of the study (bulleted 
items above).  
 
Model-Based Analysis 
 
Modeling is defined as the mathematical and statistical processes involved in fitting 
mathematical functions to data. Given this definition, models are included in all study designs. 
The importance of models and assumptions in the analysis of empirical data ranges from having 
little effect in design-based studies to being a critical part of data analysis in model-based 
studies. Design-based studies result in predicted values and estimates of precision as a function 
of the study design. Model-based studies lead to predicted values and estimates of precision 
based on a combination of study design and model assumptions often open to criticism.  
 
Predictive methods estimate risk and impact through the use of models. In the extreme case of 
model-based analysis where no new data are available, all inferences are justified by 
assumption, are deductive, and are subject to counter-arguments. The more common model-
based approach involves the combination of new data with parameters from the literature or 
data from similar studies by way of a theoretical mathematical/statistical model. An example of 
this approach in the evaluation of wind facility impacts on bird species is the demographic 
modeling of a bird population combined with use of radio-telemetry data to estimate the 
influence of the wind facility on critical parameters in the model. This approach is illustrated by 
the telemetry studies of golden eagles (Aquila chrysaetos) (Hunt 1995; Shenk et al. 1996; Hunt 
2002) in Altamont Pass, California, as described by Shenk et al. (1996). 
 
Mixtures of Design/Data-Based and Model-Based Analyses 
 
Often inferences from study designs and data require mixtures of the strict design/data-based 
and pure model-based analyses. Mixtures of study designs would include those analyses 
where: 
 

1. Design/data-based studies are conducted on a few important animal species. 

2. Manipulative tests are conducted using surrogate species to estimate the effect of 
exposure to wind turbines on species of concern (Cade 1994).  

3. Deductive professional judgment and model-based analyses are used to quantify 
impacts on certain components of the habitat in the affected area. 

 
Strict adherence to design/data-based analysis in quantifying injuries may be impossible, but it 
is recommended that the design/data-based analysis be adhered to as closely as possible. The 
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value of indisputable design/data-based statistical inferences on at least a few impact indicators 
cannot be overemphasized in establishing confidence in the overall assessment of impact due 
to wind facilities. However, in some circumstances model-based methods provide a suitable 
alternative to design/data-based methods. The advantages, limitations, and appropriate 
applications of model-based methods are discussed further in Chapter 4 and in Gilbert (1987), 
Johnson et al. (1989), and Gilbert and Simpson (1992).  
 
Observational Studies 
 
Observational studies associated with wind energy development and wildlife normally include 
pre-permitting baseline studies, risk assessment studies, and construction and post-construction 
monitoring studies designed to detect the relatively large effects of operating wind facilities. With 
the exception of monitoring studies, most post-construction studies involve detailed studies of 
one or more bird and bat populations and manipulative studies designed to determine the 
mechanisms of fatality or risk. These studies may include basic research on fatality pathways, 
the evaluation of risk and impact predictions, and the evaluation of risk reduction management 
practices. For the remainder of this section we consider designs that are most useful in pre-
construction observational studies and post-construction monitoring. A more detailed discussion 
of the more complex post-construction studies will be taken up later in this appendix.  
 
Pre-construction and post-construction monitoring studies generally will be useful to: 
 

• Assist in screening potential development sites (i.e., macro-siting). 

• Assist in the design of a selected wind energy site to reduce potential risk to wildlife 
species. 

• Evaluate risk and impact predictions and to assist in the design of future phases of a 
project or new projects. 

• Provide information useful in more complex studies (e.g. curtailment studies). 

 
Studies to estimate risk and impacts of wind facilities typically will use an observational design 
with study areas not selected by a random procedure. Observational studies also are referred to 
as “sample surveys” (Kempthorne 1966), “planned surveys” (Cox 1958), and “unplanned 
experiments/observational studies” (NRC 1985). The objective of observational studies is 
usually an estimate of parameters necessary to describe the statistical population, such as 
density, survival rates, natality, and habitat use (Skalski and Robson 1992). In this case, the 
statistical population is defined as the group of animals or other objects of study. See Manly 
(1992), McKinlay (1975), Morrison et al. (2008) and Manly (2009) for excellent discussions of 
the design and analysis of observational studies. 
 
An observational study of the impacts of a wind facility on wildlife species is not a true 
experiment because selection of the area to receive the wind facility and selection of the areas 
to be the references are not by a random procedure. The wind resource assessment area may 
consist of several disjoint subregions affected by wind turbines. These disjoint segments of the 
wind facility may be further stratified into major vegetation types. A potential undeveloped 
reference site may have areas within its boundary that appear similar to the wind facility and 
may also be stratified by the same major vegetation types. Even though the logic used in the 
study of these areas is that both the assessment area and the reference area are stratified into 
vegetation types, and study sites are randomly selected from within strata, these subregions are 
not independent replicates of the wind facility. Random selection of study sites/organisms from 



 

 
Appendix C – Statistical Considerations: Study Design and Data Analysis 224 

assessment and reference areas is known as subsampling. In the end, in an Impact-Reference 
study design, only one wind facility in one area is available for comparison to one or more 
subjectively selected reference areas.  
 
 
DESIGN/DATA-BASED STUDIES 
 
Both design/data-based and model-based methods benefit from historic and current data 
collected according to repeatable and reliable field studies. This section contains designs that 
are most appropriate for observational studies, but can be used in manipulative studies. Studies 
following the recommended designs are repeatable. Statistical results from repeated sampling 
following the same design would apply to the same universe of study; whether the universe of 
study is an assessment area, an assessment population, or a time period of interest.  
 
There are several alternative methods of study when estimating impact. The following designs 
are arranged approximately in order of reliability for sustaining confidence in the scientific 
conclusions. It must be understood that no one method is always best; the method selected for 
a particular study will depend on a number of issues, as discussed below. 
 
Designs are discussed for studies that make comparisons between assessment areas and 
areas with similar physical and biological characteristics. These areas often are termed control 
areas but are not true controls in the experimental sense (i.e., a near perfect match to the 
assessment area). Since good control areas seldom exist in field studies, the term reference 
area is used instead. The term is defined in the same way as Stewart-Oaten (1986) and others 
have used the term control area: an area representative of the assessment area. The term 
“reference area” appropriately illustrates that, in observational studies, the differences between 
an assessment area and an area to which it is compared must be considered in light of the high 
degree of natural variability among any two sites. 
 
Designs with Control (Reference) Areas 
 
The Before-After/Control Impact Design (BACI) 
The Before-After/Control (Reference)-Impact (BACI) design is common in the literature (e.g., 
Stewart-Oaten 1986; Morrison et al. 2008), and has been called the “optimal impact study 
design” by Green (1979). It is equivalent to the paired control-treatment design proposed by 
Skalski and Robson (1992). The term BACI is so common in the literature that the letter C must 
be retained in its name, even though we use the term “reference area” rather than “control 
area.” 
 
The BACI design is very desirable for impact determination because it addresses two major 
impact study design problems (Morrison et al. 2008):  
 

1. Impact indicators, such as the abundance of organisms, vary naturally through time, so 
any change observed in an assessment area between the pre- and post-impact periods 
could conceivably be unrelated to the treatment (e.g., the construction and operation of a 
wind facility). Large natural changes are expected during an extended study period.  

2. There always are differences in the indicators between any two areas (again, consider 
bird abundance). Observing a difference between assessment and reference areas 
following the treatment does not necessarily mean that the wind facility was the cause of 
the difference. The difference may have been present prior to construction. Conversely, 
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one would miss a wind facility impact if the abundance of the indicator on the reference 
area were reduced by some other perturbation concurrent with construction of the wind 
facility. 

 
The BACI design helps with these difficulties. By collecting data at both reference and 
assessment areas using exactly the same protocol during both pre-impact and post-impact 
periods, one can ask the question: Did the average difference in abundance between the 
reference area(s) and the wind facility area change after construction and start of operation? 
 
Notwithstanding these arguments, Manly (2009) points out some common problems with BACI 
studies including: 
 

1. The assumption that the distribution of the difference between the assessment and 
reference area would not have changed with time in the absence of any manipulation is 
not testable, and making this assumption amounts to an act of faith; and 

2. The correlation between observations taken with little time between them on both the 
assessment and reference areas is likely to be only partially removed by taking the 
difference between the results for the assessment and reference areas, with the result 
that the test for a manipulation effect is not completely valid. 

 
The first problem has no solution because of the lack of control and environmental variation 
characteristic of field studies. Nevertheless, the use of multiple assessment and reference areas 
as suggested by Underwood (1994) can increase confidence in the determination of effect. 
When multiple assessment areas are not available (e.g., only one, small wind facility), then 
multiple reference areas can help to increase the confidence in results (i.e., do all of the 
reference areas show the same post-treatment response or trend). Manly (2009) recommends 
more complex time-series modeling as a possible way to overcome the second problem, 
although he cautions against its use with small data sets. 
 
The BACI design is not always practical or possible. Adequate reference areas often are difficult 
to locate, and while preliminary analysis may satisfy the permitting agency that a project may 
proceed, the planning of a wind facility project does not always allow enough time for a full-scale 
pre-impact study period. The multiple time periods necessary for this design usually increase 
the cost of study. Additionally, alterations in land use or disturbance occurring over these time 
periods and reference areas complicate the analysis of study results. Caution should be used 
when employing this method in areas where potential reference areas are likely to incur 
relatively large alterations or changes that impact the species being studied. In the case of small 
homogeneous areas of potential impact and where a linear response is expected, the impact 
gradient design may be a more suitable design. If advanced knowledge of a wind facility 
location exists, the area of impact is somewhat varied, and species potentially impacted are 
wide ranging, the BACI design is preferred for observational studies of impact. 
 
Matched Pairs in the BACI Design 
Matched pairs of sites from assessment and reference areas often are subjectively selected to 
reduce the natural variation in impact indicators (Skalski and Robson 1992). Eberhardt (1976) 
labeled designs using this matching “pseudo-experiments” because of the lack of randomization 
and true replication of treatments and control conditions. Statistical analysis of these pseudo-
experiments is dependent on the sampling procedures used for selection of sites and the 
amount of information collected on concomitant site-specific variables. For example, sites may 
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be randomly selected from the assessment area and each subjectively matched with a site from 
a reference area. In this case the area of inference is to the assessment area, and the reference 
pairs simply act as an indicator of baseline conditions. 
 
When applied to a wind facility or other non-random perturbations (treatments), the extent of 
statistical inferences when matched pairs are used in the BACI design is limited to the 
assessment area. The inferences also are limited to the protocol by which the matched pairs are 
selected. If the protocol for selection of matched pairs is unbiased, then statistical inferences 
comparing the assessment and reference areas are valid and repeatable. The selection of 
matched pairs for extended study contains similar risks associated with stratification. The 
presumption is that, with the exception of the treatment, the pairs remain very similar – a risky 
proposition in long-term studies. 
 
For additional examples of the use of this design refer to Morrison et al. (2008) and Manly 
(2009). Primary references for design and analysis are Skalski and Robson’s (1992: Chapter 6) 
Control-Treatment Paired (CTP) design, Stewart-Oaten’s (1986) Before/After-Control/Impact-
Pairs (BACIP) design, and Manly (2009). If there are modifications of the basic structure of the 
design, then statistical analysis of the resulting data will not follow standard textbook examples. 
 
Impact-Reference Design (After Treatment) 
 
The Impact-Reference Design is considered because proposed and existing wind facilities often 
lack “before construction” baseline data from the assessment area and/or a reference area. In 
these cases, the BACI design is not applicable and an alternative must be found. The Impact-
Reference Design is for quantification of impact where the impact indicators measured on the 
assessment area are compared to measurements from one or more reference areas. For 
example, data collected on avian use after the wind facility is operational are contrasted 
between the assessment and reference areas. Assessment and reference areas are censused 
or randomly subsampled by an appropriate observational design. Design and analysis of wind 
facility impacts in the absence of pre-impact data follow Skalski and Robson’s (1992: Chapter 6) 
recommendations for accident assessment studies. 
 
Differences between assessment and reference areas measured only after the impact might be 
unrelated to the impact, because site-specific factors differ. For this reason, differences in 
natural factors between assessment and reference areas should be avoided as much as 
possible. However, differences usually will exist. Reliable quantification of impact must include 
as much temporal and spatial replication as possible. Additional study components, such as the 
measurement of other environmental factors that might influence impact indicators, may also be 
needed to limit or explain variation and the confounding effects of these differences. 
Environmental indicators often are termed covariates because analysis of covariance may be 
used to adjust the analysis of a random variable to allow for the effect of another variable.  
 
Designs without Reference Areas 
 
Before-After Designs 
The Before-After Design is for the quantification of impact when measurements on the 
assessment area before the impact are compared to measurements on the same area following 
the impact. This design is considered because it is possible that large-scale monitoring of 
animals within an area might be undertaken if enough concern exists for their security within a 
potential WRA. Government agencies or private industry may monitor impact indicators over 
long periods of time, and reliable baseline data may exist. If so, measurements can be made 
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after the incident using exactly the same protocol and SOPs. However, observed differences 
might be unrelated to the incident, because confounding factors also change with time (see the 
above discussion of the BACI design). With respect to Before-After studies, the key question is 
whether the observations taken immediately after the incident can reasonably be expected 
within the expected range for the system (Manly 2009). Reliable quantification of impact usually 
will include additional study components to limit variation and the confounding effects of natural 
factors that may change with time. 
 
Because of the difficulty in relating post-impact differences to treatment effects in the absence of 
data from reference areas, injury indicators can be particularly useful in detecting impacts using 
Before-After Design. The correlation of exposure to toxic substances and a physiological 
response in wildlife has been documented well enough for some substances to allow the use of 
the physiological response as a biomarker for evidence of impact. Examples of biomarkers used 
in impact studies include the use of blood plasma dehydratase in the study of lead exposure, 
acetylcholinesterase levels in blood plasma in the study of organophosphates, and the effect of 
many organic compounds on the microsomal mixed-function oxidase system in liver (Peterle 
1991). The number of dead birds or bats in some defined area determined by necropsy to be 
caused by a wind facility could be used as such an indicator. It is possible that existing 
biomarkers (e.g., biomarkers indicating stress) might also have some application to estimating 
wind facility impacts on wildlife. 
 
Costs associated with conducting the Before-After Design should be less than that required for 
designs requiring reference areas. Statistical analysis procedures include the time-series 
method of intervention analysis (Box and Tiao 1975; Rasmussen et al. 1993). An abrupt change 
in the impact indicator at the time of the impact may indicate the response is due to the 
perturbation (e.g., a wind facility). Scientific confidence is gained that the abrupt change was 
caused by the wind facility if the impact indicator returns to baseline conditions through time 
after making adjustments to factors in the wind facility apparently related to observed impacts 
(Figure 1) (Note that this figure, like the others in this appendix, is an idealized hypothetical 
presentation. Real data points would necessarily include error bars.)  
 
If the impact indicator returns to baseline conditions during the operation of the wind facility, 
impacts would be considered short-term, suggesting the absence of long-term impacts. 
However, interpretation of this type of response without reference areas or multiple treatments 
is difficult and somewhat subjective. This type of design is most appropriate for short-term 
impacts, rather than for long-term projects such as a wind facility. 
 
Impact-Gradient Designs 
The Impact-Gradient Design is for quantification of impact in relatively small assessment areas 
on homogeneous environments. If potentially impacted species have relatively small home 
ranges (e.g. passerines) in a relatively homogenous landscape and a gradient of response is 
anticipated, this design can be an effective approach to impact studies. When this design is 
appropriate, treatment effects can usually be estimated with more confidence, and associated 
costs should be less than for those designs requiring baseline data and/or reference areas 
(Morrison et al. 2008).  
 
Analysis of the Impact-Gradient Design is based on an analysis of the relationship between the 
impact indicator and distance from the hypothesized impact source—in this case, wind turbines. 
In effect, the assessment area includes the reference area on its perimeter. This design does 
not require that the perimeter of the assessment area be free of impact, only that the level of 
impact be different. If a gradient of biological response(s) or distance is identified, the magnitude 
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of differences can be translated into what can be presumed to be at least a minimum estimate 
of the amount of impact. This Impact-Gradient Design would be analogous to a laboratory 
toxicity test conducted along a gradient of toxicant concentrations. An example might be an 
increasing rate of fledgling success in active raptor nests or an increase in passerine use of 
available habitat as a function of distance from the wind facility. 
 
 

 

 

 

BEFORE AFTER 

WIND PLANT 

PERIOD:       1                2               3               4                5 

 
Figure 1. Idealized sketch of an impact indicator in a 

Before-After Design with five time periods (T) of 
interest where an abrupt change coincides with an 
impact and is followed by a return to baseline 
conditions. 

 
 
In a field study, there likely will be naturally varying factors whose effects on the impact 
indicators are confounded with the effects of the impact. Thus it is important to have supporting 
measurements of covariates to help interpret the gradient of response observed in the field 
study. In the example of decreased mortality in passerines, an obvious covariate to consider 
would be vegetation type.  
 
Data collected from these studies may also be analyzed from the philosophy of the designs with 
reference areas if one discovers that a gradient of response is absent but a portion of the study 
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area meets the requirements of a reference area. The impact gradient design can be used in 
conjunction with BACI, Impact Reference and Before-After designs. Notwithstanding, Manly 
(2009) warns that the analysis of data from Impact Reference Designs may be complicated 
because: (1) the relationship between the impact and distance from the source many not be 
simple, necessitating the use of nonlinear regression methods; (2) the variation in observations 
may not be constant at different distances from the source; and, (3) there may be spatial 
correlation in the data. 
 
 
IMPROVING THE RELIABILITY OF STUDY DESIGNS 
 
Use of More than One Reference Area 
 
Use of two or more reference areas increases the reliability of conclusions concerning 
quantification of impact (Underwood 1994). Reliability and validity of a scientific study for 
quantification of impact often will be questioned on the basis that “the reference area is not 
appropriate for the assessment area.” Consistent relationships between the assessment area 
and each of two (or more) reference areas will generate far more scientific confidence in the 
results than if a single reference area is used. This scientific confidence likely will be increased 
more than would be expected given the increase in number of reference areas. This is true 
whether the wind facility is concluded to have “an important impact” or “no important impact.” 
The use of multiple reference areas has the disadvantage of increased cost. 
 
With two or more reference areas, one will be able to compare the impact indicators between 
different reference areas during the assessment period. Multiple reference areas also allow a 
comparison of impact indicators from the assessment area with the mean of impact indicators 
from two or more reference areas. For example, consider a wind facility and two reference 
areas outside the influence of but in the same general area as the wind facility. If approximately 
the same differences exist among the impact indicators on the wind facility and each of the 
reference areas before construction and the similarities among the reference areas persist after 
construction, then this “replication in space” usually gives scientists more confidence when 
making deductive professional judgments regarding post construction impacts.  
 
In practice, impact indicators for the three areas will be plotted and examined for relative 
changes before and after construction of the wind facility. Assuming all three areas have similar 
trends in impact indicators before impact and reference areas have similar trends after impact, 
tests for differences will be between the mean of the impact indicators for multiple reference 
areas and the value of the impact indicator for the wind facility. By studying the effect of a few 
important covariates on the impact indicator on the wind facility and reference areas, it may be 
possible to adjust raw data before comparisons of mean values are made. For example, if 
nestling survival is highly correlated with prey abundance it might be possible to adjust survival 
rates for differences in prey on reference and assessment areas before testing for wind facility 
effects. 
 
Collection of Data over Several Time Periods 
 
Collection of data on the study areas for several time periods before or after the impact also will 
enhance reliability of results as this replication in time increases confidence in the relationship of 
assessment and reference areas. Figure 2 illustrates results from a BACI design with two 
periods for data collection before the wind facility impact and two periods of data collection 
following the wind facility development. In this sketch there is only a slight indication of recovery 
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after the construction of the facility. Statistical tests or other analyses (e.g., confidence intervals) 
unique to the subsampling plan used in data collection will be required for judging whether 
statistically significant differences exist between the point estimates. 
 
 

 

PERIOD:       1                   2                  3                  4 
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WIND PLANT 

REFERENCE  
AREA 

WIND PLANT 

 
Figure 2. Sketch of point estimates of an impact indicator in 

an idealized BACI design over four time periods with 
slight indication of recovery after the incident. 

 
 
For example, assume data on a response variable – say, the number of fledglings per active 
nest – exist for two years before construction and two years after construction for the wind 
facility and one reference area. Assume also that the data meet the assumptions necessary for 
use of analysis of variance (ANOVA). ANOVA would be used to test for interaction among study 
sites and years, the primary indicator of an effect due to the development. A significant 
interaction effect may indicate that a pre-treatment difference between a development area and 
reference areas is not equal to the post-treatment difference. Additional comparisons could be 
made, such as the comparison of the mean response pre-treatment with the response each 
year post-treatment or with the mean over all years, post-treatment. Results would be presented 
graphically to illustrate point estimates and precision (confidence intervals or standard errors). 
The statistical inference would be limited to the two areas and the four years. 
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The specific test used depends on the response variable of interest (count data, percentage 
data, continuous data, categorical data, etc.) and the subsampling plan used (point counts, 
transects counts, vegetation collection methods, GIS data available, radio-tracking data, 
capture-recapture data, etc.). Often, classic ANOVA procedures will be inappropriate and 
computer-intensive methods will be required. 
 
Interpretation of Area-by-Time Interactions 
 
Non-parallel responses for impact indicators plotted over time on assessment and reference 
areas are said to exhibit area-by-time interaction (Figure 3).  
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Figure 3. Sketch of point estimates of an impact indicator 

in an idealized BACI design where interaction with 
time indicates recovery from impact by the third 
time period following the incident. 

 
 
If abrupt changes in the relationship of assessment and reference areas occur following the 
impact and are followed by a return to baseline conditions, then scientific confidence is gained 
for the conclusion that the abrupt changes were due to the impact. This interaction is illustrated 
in Figure 4, where the difference between the impact indicator on the reference and assessment 
areas represents the magnitude of an impact. Also, a return to a relationship similar to baseline 
conditions provides additional scientific confidence that comparison of assessment area and the 
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subjectively selected reference areas is appropriate for estimating impact (Skalski and Robson 
1992). In the case of a wind facility, recovery suggests a change in bird behavior reducing risk, 
a temporary impact due to construction, or a change in the wind facility (e.g., safer turbines). 
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Figure 4. Idealized sketch of results from a Reference-

Impact Design where a large initial difference in 
the impact is followed by a shift to parallel 
response curves. 

 
 
Evidence of significant area-by-time interaction is especially important in an Impact-Reference 
Design, because this may be the only factor which aids in estimating the difference, if any, 
between the reference areas and assessment area in the absence of the impact. This situation 
is illustrated in Figure 4 with an idealized presentation of a large difference between the 
assessment and reference area following the impact, which is followed by a return to 
approximately parallel responses of data plotted over time. This interaction could indicate that 
impacts were temporary or that a significant change has been made in the operation of the wind 
facility (say installation of safer turbines or removal of turbines responsible for the impact). 
 
Model-Based Analysis 
 
The use of models (of all types) increased dramatically beginning in the 1980s. In fact, modeling 
is now a focus of much interest, research, and management action in wildlife and conservation 
biology. But, as in all aspects of science, models have certain assumptions and limitations that 
must be understood before results of the models can be properly used. Modeling per se is 
neither good nor bad; it is the use of model outputs that determines the value of the modeling 
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approach. The use of population models to make management decisions is becoming common. 
For example, such Advanced Experimental Design and Level 2 Studies models are playing a 
large role in management plans for such threatened and endangered species as the spotted owl 
(Strix occidentalis, all subspecies), desert tortoise (Gopherus agassizii ), Kirtland’s warbler 
(Dendroica kirklandii ), and various kangaroo rats (Dipodomys spp.). 
 
Morrison and Pollock (1997) sought to develop a useful, practical modeling framework for 
evaluating potential wind power plant impacts that can be generalized to populations of most 
bird species by: (1) reviewing the major factors that can influence the persistence of a wild 
population; (2) briefly reviewing various models that can aid in estimating population status and 
trend, including methods of evaluating model structure and performance; (3) reviewing 
survivorship and population projections; and (4) developing a framework for using models to 
evaluate the potential impacts of wind development on birds. Below we summarize the 
conclusions of Morrison and Pollock (1997) as a case study of how available data can be used 
to predict the potential changes in population numbers given varying degrees of mortality. The 
full background and rationale for their approach is found in the original publication. 
 
Morrison and Pollock (1997) reviewed the parameters necessary to develop rigorous 
population-projection models. Life-history parameters are essential components of population-
projection models. The characteristics that we collectively call life-history parameters of animals 
include quantifiable longevity, lifetime reproductive output, the young produced per breeding 
attempt, the age of dispersal, survivorship, sex ratio, and the time between breeding attempts. 
Combining various ranges of parameters can yield substantially different rates of population 
change. Such analyses provide information on whether the population can be sustained under 
varying expressions of life history traits. Once such relationships are understood, researchers 
have the opportunity to monitor selected life history traits as part of an assessment of the status 
of a population. A central part of impact assessment – such as in wind power plants – is 
developing a model that estimates the survival rates required to maintain a constant population. 
The strategy is to determine the survival rates required to sustain the populations that exhibit 
the various combinations of the other parameters governing population size. To be useful in a 
wide range of environmental situations and useable for people with varying expertise, the model 
should be based on simple mathematics (see discussion of the Leslie Matrix below).  
 
Another objective of Morrison and Pollock (1997) was to evaluate the use of surrogates, or 
indices, of survival and population trends. For example, they found a highly significant negative 
relationship between adult survival and annual fecundity, suggesting that fecundity might be a 
suitable surrogate for survival in passerines and woodpeckers. This does not imply, however, 
that fecundity is a suitable indicator of abundance (i.e., increasing fecundity does not 
necessarily compensate for lower survival). To give another example, raptors will leave poor 
habitat (e.g., low food availability), often moving many kilometers in search of a suitable nesting 
site, and they tend to change territories more often when nesting is unsuccessful. Thus, as a 
generality, constancy of territory occupancy seems to be an indicator of good habitat quality in 
raptors. The number of nonbreeding, adult "floaters" in an area is an indicator of the general 
health of the bird population. This holds if territory availability is constant or increasing. An 
increase in the age of first breeding, as well as an increase in adult aggression, are possible 
indicators of a population at or above carrying capacity. In long-lived species with delayed age 
at first breeding, such as in many raptors and some waterbirds, changes in survival rates have a 
greater effect on the population than changes of similar magnitude in reproductive rates. Thus, 
the use of reproductive success in long-lived species as a population indicator should likely be 
supplemented with other indicators, such as territory occupancy and floater individuals. 
Surrogates serve primarily as a coarse filter to help narrow the scope of subsequent research. 
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Use of Concomitant Site-Specific Variables 
 
Often pure design/data-based analysis is not possible in impact studies. For example, bird 
abundance in an area might be estimated on matched pairs of impacted and reference study 
sites. However carefully the matching is conducted, uncontrolled factors always remain that may 
introduce too much variation in the system to allow one to statistically detect important 
differences between the assessment and reference areas. In a field study, there likely will be 
naturally varying factors whose effects on the impact indicators are confounded with the effects 
of the incident. Data for easily obtainable random variables that are correlated with the impact 
indicators (covariates) will help interpret the gradient of response observed in the field study. 
These variables ordinarily will not satisfy the criteria for determination of impact, but can be 
used in model-based analyses for refinement of the quantification of impact (Smith 1979; Page 
et al. 1993; Manly 2009).  
 
For example, in the study of bird use on the Wyoming wind facility site, Western EcoSystems 
Technology (WEST), Inc. (1995) developed indices to prey abundance (e.g. prairie dogs, 
ground squirrels, and rabbits). These ancillary variables are used in model-based analyses to 
refine comparisons of avian predator use in assessment and reference areas. Land use is 
another obvious covariate that could provide important information when evaluating differences 
in wildlife use among assessment and reference areas and time periods. 
 
Indicators of degree of exposure to the impact-producing factor also should be measured on 
sampling units. As in the Impact-Gradient Design, a clear impact-response relationship between 
impact indicators and degree of exposure will provide corroborating evidence of impact. These 
indicators also can be used with other concomitant variables in model-based analyses to help 
explain the “noise” in data from natural systems. For example, the size of turbines, the speed of 
the turbine blades, the type of turbine towers, and other turbine related factors can possibly be 
considered indicators of the degree of exposure. 
 
Uses of Modeling 
 
In many model-based analyses of populations, a central part of impact assessment is 
development of a model predicting the survival rates required to maintain a population. The 
strategy is to determine survival rates required to sustain populations exhibiting various 
combinations of the other parameters governing population size. To be useful in a wide range of 
environmental situations and useable for people with varying expertise, the model must be 
based on simple mathematics.  
 
Two general uses of models should be distinguished: 
 

1. Providing insight into how an ecological system behaves. 

2. Predicting the outcome of a specific situation. 

 
In the first case, the model helps guide decisions when used in combination with other reliable 
data, whereas in the second case model assumptions and results must be tested in a 
quantitative manner (i.e., model validation). 
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Types of Models 
 
The following discussion focuses on the most prevalent model-based studies that are heavily 
dependent on assumptions and estimation procedures involving linear and logistic regression 
for data analysis (model-based sampling) and estimating and projecting population parameters 
into the future. 
 
Capture-Recapture Studies 
When observational characteristics make a census of organisms difficult, capture–recapture 
methods may be more appropriate for estimating population abundance, survival, recruitment, 
and other demographic parameters. In capture-recapture studies, the population of interest is 
sampled two or more times and each captured animal is uniquely marked. With capture-
recapture studies, there is a concern with variation from both the sampling procedure and 
detectability (capture probability) issues related to the individuals under study. Some 
detectability issues can be solved through study design. Capture-recapture studies, and the 
extensive theory dealing with models for the analysis of these data, combine issues related to 
the sampling process with those related to the uncertainty regarding the appropriate explanatory 
model (Williams et al. 2002). 
 
In general, sample plans should allow the study to meet the assumptions of the model being 
used to analyze the resulting data and allow the desired statistical inference. Below we briefly 
review a range of models that can be applied to wildlife-wind studies. For a general review of 
modeling of capture-recapture statistics we refer you to Pollock (1991) and Williams et al. 
(2002). 
 
Closed Population Mark-Recapture 
The Petersen-Lincoln model has been used for years by wildlife biologists to estimate animal 
abundance and is considered a closed population model. The Petersen-Lincoln model should 
be considered an index to abundance when a systematic bias prevents one or more of the 
assumptions described below from being satisfied. The assumption of closure is fundamental to 
the Petersen-Lincoln and other closed population models. Populations can increase or decrease 
through reproduction or immigration and mortality or emigration, respectively. The elimination of 
immigration and emigration is difficult in large and relatively mobile species. The success of 
mark-recapture studies with mobile populations often depends on the selection of study area 
boundaries grounded in this assumption. The assumption can best be met for small and 
relatively immobile species by keeping the interval between samples short. Lancia et al. (2005) 
reported 5-10 days as the typical interval, although the appropriate period between samples will 
be taxon-specific. 
 
Otis et al. (1978) and White et al. (1982) offered a modeling strategy for making density and 
population size estimates using capture data on closed animal populations. With a complete 
capture history of every animal caught, these models allow relaxation of the equal catchability 
assumption.  
 
Population Parameter Estimation 
When studying animal populations, survival and recruitment may be of equal or greater interest 
than density or absolute abundance.  
 
Capture-Recapture Models 
Capture-recapture models originally focused on estimation of abundance and treated survival as 
a nuisance parameter to estimation of abundance (Williams et al. 2002). Beginning around the 
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1980s, however, survival estimation became a primary state variable of interest in wildlife 
population ecology. Here we provide a brief overview of several related topics with respect to 
parameter estimation.  
 
The Cormack-Jolly-Seber model (Seber 1982; Williams et al. 2002; Amstrup et al. 2005, 
Chapters 5 and 9) allows estimation of abundance and survival and accounts for nuisance 
parameters (e.g., detectability, age, sex, etc.). This model is referred to as an open population 
model because it allows for gain or loss in animal numbers during the study.  When open 
populations are sampled, this model provides a flexible and robust way of estimating population 
demographic parameters (Amstrup et al. 2005, p. 196).  Note that the rate of gain, sometimes 
called the birth rate, could be recruitment and immigration, and the rate of loss, sometimes 
called the death rate, could be death and permanent emigration. Estimates of population size 
are computed using a Horvitz-Thompson estimator (McDonald and Amstrup, 2001; Taylor et al. 
2002). Estimates of survival are obtained as part of the output of this model. Estimates of birth 
and death rates, if needed, can be derived from output of the Cormack-Jolly-Seber model.  The 
flexibility of the approach is afforded by its ability to relate demographic parameters to 
extraneous study covariates.  If the probability of survival or capture varies by characteristics 
that are known, even when the animal is not seen (e.g., age, sex, etc.), these characteristics 
can be used as covariates in a regression-like analysis (Amstrup et al. 2005, Chapter 9).  Most 
types of capture heterogeneity can be accounted for this way, and hypotheses involving survival 
can be tested (Lebreton et al. 1992).  For example, Amstrup et al. (2001) related catchability of 
polar bears to geographic regions in the study area.  Regher et al. (2007) related survival of 
non-adult polar bears to the date of spring sea ice breakup in Western Hudson Bay. The 
assumption of equal probability of survival or capture of marked animals is not required under 
this modeling method. Lancia et al. (2005) pointed out that the distinction between open and 
closed populations is made to simplify closed population models and subsequent estimation of 
population parameters. The closed population simplifications (i.e., no gain or loss during the 
study) are expressed as assumptions and study design must assure these simplifying 
assumptions are met. Pollock (1982) noted that long-term studies often consist of multiple 
capture occasions for each period of interest.  He reasoned that the assumption of closure was 
more likely to hold over shorter time periods, and subsequently proposed so-called robust 
designs.  He showed that the extra information from capture occasions taken during periods of 
closure could be exploited to improve estimates of abundance and recruitment. Under Pollock’s 
robust design, each sampling period consists of at least two subsamples, ideally spaced closely 
together so that the population can be considered closed to additions and deletions during that 
period. Kendall and Pollock (1992) summarized other advantages of the robust design. 
 
Survival Analysis 
Survival analysis is a set of statistical procedures for which the outcome variable is the time until 
an event occurs (Kleinbaum 1996). As such, survival analysis is concerned with the distribution 
of lifetimes (Venables and Ripley 2002). In wildlife research, survival analysis is used to 
estimate survival, or the probability that an individual survives a specified period (days, weeks, 
years). Because estimates of survival are used in population models, evaluations of changing 
population demography, and as justification for altering management practices, approaches to 
survival analysis have becoming increasingly common in wildlife research. Probably the most 
common approach to survival analysis in wildlife science is estimation using known fate data 
based on radio-telemetry where individuals are relocated on some regular basis. Another 
common application of time-to-event models has been recent work focused on estimating 
survival of nests where the event of interest is the success or failure of a nest (Stanley 2000; 
Dinsmore et al. 2002; Rotella et al. 2004; Shaffer 2004). 
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There are several general assumptions for time-to-event studies (see Pollock et al. 1989; 
Williams et al. 2002). First, we assume that radio-tagged individuals are a random sample from 
the population of interest. This assumption can be satisfied by using random location of trapping 
sites or perhaps stratifying trapping effort by perceived density of the population. We also 
assume that survival times are independent among different animals; violating this assumption 
leads to overdispersion. For example, if you catch a brood of quail (say six young) and radio-tag 
each, but a predator finds the brood and predates the hen and all the young – survival time 
between individuals was not independent. Additionally, we assume that radio transmitters (or 
other marks) do not affect the survival of marked individuals and that the censoring mechanism 
is random, or that censoring is not related to fate of the individual (e.g., a radio destroyed during 
predation or harvest event). For staggered entry studies, newly marked individuals have the 
same survival function as previously marked individuals.  
 
Occupancy Modeling 
Occupancy modeling is a recent entry into the field of capture-recapture analysis (MacKenzie et 
al. 2002; MacKenzie 2005). This approach stems from historical work done to confirm presence 
of a species in a particular location at a particular time, and as such relates data on site-specific 
features (e.g., canopy cover) to the presence of a species. Thus, the presence or absence of 
the feature can be used as a surrogate for abundance in monitoring temporal and spatial 
changes in species distributions (MacKenzie et al. 2006). Research on animal detectability has 
focused primarily on density or abundance estimation (e.g., Buckland et al. 2001, Williams et al. 
2002), but more limited efforts have been expended on presence-absence approaches (Vojta 
2005). Occupancy modeling focuses on estimating the proportion of an area of suitable habitat 
that is occupied by an individual of the species of interest (MacKenzie et al. 2004).  
 
Occupancy surveys make the same general assumptions as most capture-mark-recapture 
studies as well as several specific assumptions (MacKenzie et al. 2006), including: (1) survey 
sites are closed to changes in occupancy over the survey season; (2) occupancy probabilities 
and detection probabilities are either constant across sites or a function of survey covariates; 
and (3) detections at each location are independent. Surveys for occupancy are usually less 
labor intensive than surveys for estimation of abundance in that both active (e.g., point-counts 
during breeding season) and passive approaches (e.g., track counts or hair snares) can be 
used to survey for presence. However, the difficulty becomes determining when a species is 
truly absent from the study plot, because failing to locate an individual during a survey does not 
imply absence (MacKenzie et al. 2006).  
 
Life Tables 
Life tables are one of the oldest means of examining mortality in animals; simply, they 
summarize survivorship by age classes in a cohort of animals. A basic life table requires only 
that age, the number of individuals surviving to the beginning of each age classification, and the 
number of deaths in each age class be known; mortality and survival rates can be calculated 
from these data. There is only one independent column in a life table; all the others can be 
calculated from entries in any one column. This dependency requires that great care be taken in 
constructing the table, and that large sample sizes be gathered.  
 
Simple Lotka Models 
The annual geometric growth rate of a population (N) is represented by lambda, also known as 
the finite rate of population increase. At time t the population size is lambda times its value at 
time t - 1, Nt = lambda(Nt-1). The population is increasing if lambda > 1, is constant if lambda = 
1, and is decreasing if lambda < 1. For example, if lambda = 1.04, then the population was 
growing at the rate of 4% per period during the time sampled. For purposes of calculation, this 
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formula is usually presented as Nt = N0ert, where e is the base of the natural logarithm, and r is 
the instantaneous rate of population increase (Johnson 1994). 
 
Leslie Matrix Models 
Leslie matrix models and similar stage-structured models can give great insight into the 
processes of population growth. The sensitivity of the population growth rate, r, to perturbations 
in vital rates for a Leslie-type model can be solved analytically. Understanding how growth rate 
changes in response to perturbations at various stages in the life table may help direct 
management strategies. For example, adult survival tends to be a parameter to which a model 
is extremely sensitive in long-lived species, whereas fecundity can be more important in short-
lived species.  
 
Matrix models subsume classical life table analysis as a special case but have capabilities that 
go far beyond that analysis. As summarized by McDonald and Caswell (1993), they: (1) are not 
limited to classifying individuals by age; (2) lead easily to sensitivity analysis; (3) can be 
constructed using the life cycle graph – an intuitively appealing graphical description of the life 
cycle; and (4) can be extended to include stochastic variation and density-dependent 
nonlinearities. McDonald and Caswell (1993) present a detailed description of the formulation 
and application of matrix models to avian demographic studies. The numbers in the body of the 
matrix are transition probabilities for survival and progression into other stages, while the 
numbers on the top row of the matrix represent stage-specific fecundity values. The term in any 
particular row and column can be thought of as the contribution of an individual in the age class 
represented by that column in year t to the age class represented by that row in year t + 1. The 
population can be projected from one year to the next by repeating the process into the future. 
Thus, we term this matrix the population projection matrix, or more popularly, the Leslie matrix 
after its developer (Leslie 1945). 
 
A Leslie matrix can be built from estimates of fecundity and survival probabilities, and population 
growth may be projected for any number of time periods by pre-multiplying the age distribution 
at each time period by the Leslie matrix to get the new age distribution for the next time period. 
Creating population projections using Leslie matrices is a useful approach to the analysis of 
demography. They provide a numerical tool for determining growth rate and age structure of 
populations. The Leslie matrix also is useful for illustrating and studying the transient properties 
of populations as they converge to the stable state. Stage-based matrices, analogous to the 
age-based Leslie, can be used to analyze population growth for species in which it is difficult to 
age individuals, or where it is more appropriate to classify them into life stages or size classes 
rather than by age; these models are generally referred to as Lefkovitch (1965) stage-based 
models.  
 
Effective Population Size 
 
Small populations are susceptible to extinction because of demographic events, and in some 
species, loss of genetic variation. In a theoretical population, the rate of loss of genetic variation 
is inversely proportional to the population size. The reproductive behavior of natural populations 
is, of course, far from theoretical. To try to link natural and idealized populations, Wright (1931) 
defined the effective population size (Ne) as the size of an ideal population whose genetic 
composition is influenced by random processes in the same way as the natural population. 
When Ne is small, the population can rapidly lose genetic variation. However, Ne has no set 
relationship to actual population size, and its precise estimation is complex.  
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Various formulas have been developed to estimate the effective population size (e.g., Harris 
and Allendorf 1989; Nunney and Elam 1994). The demographic information needed to provide a 
reliable estimate of Ne can be difficult to obtain, and it is unlikely that this level of data collection 
will be indicated in most wind energy applications.  
 
Additionally, there has been continuing debate over the minimum size a population must 
maintain to ensure long-term persistence (perhaps 100 generations). During the 1980s and into 
the 1990s, geneticists estimated that the minimum effective population size was 500 or more 
breeding individuals. New genetic evidence suggests, however, that this former estimate is far 
too low, and could easily range between 1000 and 10,000 individuals. This new estimate is 
based on consideration of the effect that mutations have on the fitness of the organism at low 
population sizes (Lande 1995; Lynch et al. 1995). It is difficult to make broad generalizations on 
the effective population size of organisms. For example, small populations (<100 adults) have 
been shown to persist for extended periods of time because of adaptations to local 
environmental conditions (e.g., Reed et al. 1986; Grant and Grant 1992; Nunney 1992). 
Evaluation of effective population size may be appropriate in preliminary analyses of a 
population. Such evaluations can help prioritize species to study and help determine the level of 
concern that should be placed on deaths in a population before initiating a full-scale population 
study. 
 
Model Evaluation 
 
Bart (1995) provided an excellent review of the steps necessary in evaluating the appropriate 
uses of a population model. The following outline is summarized from his paper. There are three 
major components of model evaluation that should be included in all studies: model objectives, 
model description, and analysis of model reliability. The latter component is further divided into 
four important criteria. 
 
Model Objectives 
 
As noted above, all studies should list the specific objectives for which model outputs will be 
used, and the reliability needed for those outputs. Will the output be used only as part of a much 
larger set of information or will management decisions be based on model results? The 
precision needed in all cases should be specified; there are no pre-established standards.  
 
Model Description 
 
The general structure and organization of the model should be detailed. This description should 
include the basis for classifying the environment (e.g., vegetation types used for analysis), the 
number of sex and age classes, the behavior of the animals (e.g., breeding times, dispersal), 
and so on. For example, if sexes or age classes are lumped because of sample size 
considerations, then the behavior of the sexes and age classes is assumed to be equal. 
Likewise, if data on any aspect of the model are lumped across years, then time is held constant 
and assumed to have no overriding impact on the model. Most decisions reduce the complexity 
of the model, which in turn reduces its reality. Careful consideration and justification of any such 
decisions must be included in the model description. 
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Analysis of Model Reliability 
 
There are four major types of model reliability to evaluate: structure, parameter values, 
secondary predictions, and primary predictions. Each type should receive attention, with 
emphasis on the particular type that the management will focus on. 
 
Model structure. The realism of each assumption about the model should be fully assessed 
using any information available. Naturally, the first source of information here is the scientific 
literature about animal behavior, habitat relationships, population structure, and demographics. 
If little information is available on the species of interest, then data on related species should be 
consulted. The impact that each assumption should have on model results should be clearly 
discussed. Some assumptions likely will have minimal impact, while others may have potentially 
severe influence on the model. In some cases the decision will have to be made that insufficient 
information is available on the species of interest or closely related species for any meaningful 
evaluation of the model to be made. In such cases, the model – if developed – is of the purely 
descriptive form and should function only in identifying likely areas upon which field research (to 
fill the data gaps) should focus. However, information is usually available with which at least a 
preliminary model structure can be based. 
 
Parameter values. The most reasonable estimate of mean values and ranges for each 
parameter should be developed. Again, first the literature should be consulted. However, field 
studies may have to be conducted to provide reasonable estimates of certain parameter values. 
Unfortunately, the wildlife literature provides little in the way of strong data on survivorship of 
animals, especially where data on specific sex-age classes are needed. The reality of the 
situation usually demands that a short-term (1- to 3-year) study be initiated to provide the 
missing data. Because these studies usually focus on either rare species or isolated 
populations, it may be necessary to ignore yearly variations and lump across time to achieve an 
adequate sample size. As discussed above, the ramifications of this type of simplification must 
be carefully evaluated. It also is almost always the case that certain age classes (e.g., 
nonbreeding adults in raptors) will have to be combined; in most animals age cannot be readily 
determined after adulthood is reached. 
 
Secondary predictions of the model. Secondary predictions are intermediate outputs of the 
model that can be used to better understand the population and help evaluate the reliability of 
the final model. Each of these outputs is a function of two or more input variables. Comparing 
them to empirical data, to data for similar species, or just plain ecological common sense helps 
identify how reliable the model will be (and where weaknesses exist). Examples of secondary 
outputs include the distribution of age classes at first breeding, territory occupation, and so on. 
 
Primary predictions of the model. Primary predictions are the outputs of primary interest; this 
is the information used to determine project impacts and make management decisions. 
Predicted model results should be compared to reality either by comparing them with empirical 
data, or by running simulations that can be compared with known (past) population values. That 
is, if the model fits past (known) trends, then it is more likely to be properly forecasting future 
values. Unfortunately, little data are usually available because few animals have been 
adequately studied. Evaluations of models, however, are not truly independent if available 
empirical data are used to develop the model in the first place; testing the model predictions 
with the same data results in a biased validation.   
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Modeling Synthesis 
 
The goal should be to present a realistic and unbiased evaluation of the model. It is preferable 
to present both a best- and a worst-case scenario for model outputs, so that the range of values 
attainable by the model can be evaluated. For example, with a basic Leslie Matrix Model of 
population growth, knowing whether the confidence interval for the predicted (mean) value for 
lambda (rate of population growth) includes a negative value provides insight into the reliability 
of the predicted direction of population growth. 
 
The process of model development and evaluation may show that the predictions of the model 
are sufficiently robust to existing uncertainties about the animal’s behavior and demography that 
high confidence can be placed in the model’s predictions. A poor model does not mean that 
modeling is inappropriate for the situation under study. Rather, even a poor model (i.e., a model 
that does not meet study objectives) will provide insight into how a population reacts to certain 
environmental situations, and thus provide guidelines as to how empirical data should be 
collected so that the model can be improved. Modeling is usually a stepwise process. 
Confidence intervals can be calculated to quantify the amount of variability associated with 
model outputs (Bender et al. 1996). 
 
Sampling the Area of Interest 
 
In this section, the word sample means either the process by which units of observation in a 
specific area are selected, or the actual collection of units selected for study. The study area 
consists of either a finite or an infinite universe of sampling units. For example, a small site 
might be divided into a finite set of one meter by one meter plots, each having an opportunity to 
be selected in the sample. A sample of plots is selected from the area and measurements are 
made of indicators such as the number and biomass of plants or animals on each plot. In this 
case, the word sample refers more to the location of the units than to the specimen (plant, 
animal, sediment, etc.) collected from the unit. 
 
If one is interested in the set of animals or plants living on (or influenced by) the assessment or 
reference study sites, then a second universe exists: namely, the population of animals or 
plants. The word population in this case refers to the group of organisms under study (the 
statistical population) and not necessarily to the biological population. This second universe also 
can be sampled and used to make statistical inferences to the group of organisms living in or 
influenced by the study area. For example, the impact of a wind facility on breeding pairs of 
raptors may extend out to 20 km from the turbines (determined by the range of the birds) and a 
capture-recapture model-based study may be undertaken of the breeding pairs within the WRA 
and a 20 km radius. In this case the marked animal is treated as the sample unit. All of the 
techniques for study of animal or plant populations in field ecology (plotless methods from 
forestry, capture-recapture methods from wildlife science, etc.) (Morrison et al. 2008) become 
candidates for study of the impacts of a wind facility.  
 
Two Levels of Sampling 
For a smaller wind facility with a less extensive assessment area, the entire area may be the 
study site, resulting in only one level of sampling. However, wind facilities may affect relatively 
large areas, in which case the larger area is “sampled” for study sites, and each of these sites is 
then sampled, resulting in two levels of sampling. In a study of raptor use on the 60,619 acres of 
the Wyoming WRA, for example, 18 study sites were selected for a second level of sampling 
(WEST 1995). In addition, present technology does not allow direct measurement of some 
environmental indicators (e.g., the number of passerine nests by species) on even moderately 
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large areas. Destructive sampling, which permanently changes the sampled point or line (e.g., 
by removing vegetation), also may be required; and only a small part of the site can be 
destructively sampled without changing the very nature of the site.  
 
If both levels of sampling occur according to an acceptable randomized design (i.e., a 
probability sample of available sites) then statistical inferences can be made to the entire study 
area. If selection of the second level of sampling units is a probability sample of the units, but 
the selection of the first level of units is ad hoc, then the statistical inference is only possible to 
the study sites. Inferences beyond the study sites to the assessment and reference areas will be 
deductive dependent on the protocol and SOP by which the first level of sites was selected. 
 
It should not be surprising that two different studies on the same wind facility may yield 
conclusions that differ, given that:  
 

1. Study sites within the wind facility may be selected using different criteria. 

2. Subsampling protocols and SOPs for measurement (or estimation) of indicators at a site 
may differ between the two studies. 

 
This again emphasizes the importance of rigorous selection and documentation of sampling 
protocols and SOPs so that the conclusions drawn from a study can be defended. It also 
illustrates the importance of having similar protocols for the study of impacts on animals by a 
new technology (wind turbines) in widely separated areas. However, even if identical areas, 
designs, and SOPs are used, results of studies based on independent sample units will 
fluctuate because of natural variation within the area and variation in the application of methods. 
Resolution of such apparently conflicting results may require intensive investigation of sampling 
designs, sampling protocols, sample processing, and data analysis by experts in the specific 
biological areas or study design and statistical analysis. 
 
Sampling Plans 
 
Statistical inferences can be made only with reference to the protocol by which study sites or 
study specimens are selected from the assessment and reference areas. Statistical inferences 
also are referenced to the protocol used for subsampling (or census) of units from sites and to 
the SOPs for measurement of impact indicators on subsampled units. Sampling plans can be 
arranged in four basic categories (Gilbert 1987):  
 

1. Haphazard sampling 

2. Judgment sampling 

3. Search sampling 

4. Probability sampling 

 
Sampling plans that are most likely to be used during impact quantification associated with wind 
facility development are discussed below (see Gilbert 1987:19-23, Gilbert and Simpson 1992, 
and Johnson et al. 1989 for other common variations of probability sampling). 
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Haphazard Sampling 
Gilbert (1987:19) noted that:  

“Haphazard sampling embodies the philosophy of ‘any sampling location will do.’ 
This attitude encourages taking samples at convenient locations (say near the 
road) or times, which can lead to biased estimates of means and other 
population characteristics. Haphazard sampling is appropriate if the target 
population is completely homogeneous… This assumption is highly suspect in 
most environmental studies.” 

 
Haphazard sampling has little role to play in providing data for statistical inferences, because 
results are not repeatable. Information from haphazard sampling may be appropriate for 
preliminary reconnaissance of an area, but the information can be used only in making 
deductive arguments based on professional judgment. 
 
Judgment Sampling 
“Judgment sampling means subjective selection of population units by an individual [the 
researcher]” Gilbert (1987:19).  
 
Gilbert is not much more enthusiastic about judgment sampling than haphazard sampling:  

“If the [researcher] is sufficiently knowledgeable, judgment can result in accurate 
estimates of population parameters such as means and totals even if all 
population units cannot be visually assessed. But it is difficult to measure the 
accuracy of the estimated parameters. Thus, subjective sampling can be 
accurate, but the degree of accuracy is difficult to quantify” (1987:19).  

 
As in haphazard sampling, judgment sampling may be appropriate for preliminary 
reconnaissance of an area, but has little role to play in providing data for statistical inferences, 
because results are not repeatable. Judgment sampling can be used to develop data for models 
of natural systems (Morrison et al. 2008), and can play a role in understanding and explaining 
the magnitude and duration of an impact. When judgment sampling is used, inferences are 
deductive and depend on professional judgment.  
 
Search Sampling 
Search sampling is a form of judgment sampling that requires historical knowledge or data 
indicating where the resources of interest exist. For example, a study of factors causing bird 
fatalities might be limited to the portion of the wind facility where bird use is common. Searching 
for “hot spots,” which is discussed more fully under the “cost cutting procedures” section below, 
is a form of search sampling. The validity of this procedure depends on the accuracy of the 
information guiding where and when to search. The procedure also places a great deal of 
emphasis on the collection of accurate data over time and space to guide the search. As with 
other non-probability sampling, statistical inference is limited by the protocol used in the 
selection of study sites and in the collection of data within these sites. 
 
Probability Sampling 
Probability sampling refers to the use of a specific method of random selection of subjects for 
study (e.g., sites, units, individuals) from the universe subjects available for study (Gilbert 
1987:20). Randomization is necessary to make probability or confidence statements concerning 
the magnitude and/or duration of impact (Johnson et al. 1989). Examples of random sampling 
plans include simple random sampling (random sampling), stratified random sampling (stratified 
sampling), random start systematic sampling (systematic sampling), and sequential random 
sampling (sequential sampling). 
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These sampling plans (and others, especially for mobile animals) can be combined or extended 
to give a wide array of possibilities. Johnson et al. (1989: 4-2) recommend: “If other more 
complicated sample designs are necessary, it is recommended that a statistician be consulted 
on the best design, and on the appropriate analysis method for that design.”  
 
Random sampling. Random sampling requires that the location of each sample site (unit) be 
selected independently of all other sites (units). Such sampling plans have “nice” mathematical 
properties, but random locations are usually more clumped and patchy than expected. In 
studies with small sample sizes, which are common in wildlife studies, entire regions of special 
interest may be under- or over-represented (Morrison et al. 2008). Some scientists mistakenly 
believe that random sampling is always the best procedure. Random sampling should be used 
in assessment or reference areas (sites) only if the area is very homogeneous with respect to 
the impact indicators and covariates. Because this is seldom, if ever, the case, researchers 
should try to avoid relying solely on random sampling. 
 
Stratified random sampling. Stratified sampling with a random start is a randomization 
procedure designed to guarantee that the sampling effort will be spread out over important 
subregions called strata, which are identified in advance. Important strata are identified, and 
sites within strata are selected for study. Similarly, sites might also be stratified for subsampling. 
The specific procedure by which locations for sample sites within strata (units within sites) were 
established (i.e., randomly or systematically) must be clearly elucidated.  
 
Ideally, strata should be homogeneous with respect to the variable (e.g., animal density) and 
covariates (e.g., vegetation type) of interest (Morrison et al. 2008). Strata may be subareas on a 
map of the known range of the species of interest. Stratification also may be by reference to 
some known characteristic of the species of interest (e.g., areas of high and low numerical 
density) or by some environmental variable (e.g., vegetation type) potentially influencing the 
species’ response to a perturbation.  
 
Strata must not overlap, and all impact/reference areas of interest must be included. Study sites 
(sampling units) must not belong to more than one stratum. Also, statistical inferences cannot 
be drawn toward differences in impact indicators for any portion of strata unavailable for 
sampling. It may be possible to make professional judgments concerning the magnitude and 
duration of impact on those areas, but conclusions will be made without the aid of inductive 
statistical results. As an example, in the studies of golden eagles in Altamont (Hunt et al. 1995) 
some private lands were not accessible for trapping eagles. The resulting relocation data must 
be analyzed with the knowledge that the radio-tagged sample is not a random sample of the 
population. 
 
Often stratification will be used in impact studies for quantification of impact within strata and for 
contrasting the impacts of the incident between strata. For example, it may be of interest to 
investigate the impacts of a wind facility in different vegetation types (a potential stratification) 
where the objective is to make statistical inference to each vegetation type within the wind 
facility. This type of analysis is referred to as using “Strata as domains of study... in which the 
primary purpose is to make comparisons between different strata...” (Cochran 1977: 140). In 
this situation, the formulas for analysis and for allocation of sampling effort (Cochran 1977: 140-
141) are quite different from formulas appearing in introductory texts such as Scheaffer et al. 
(1990). The standard objective considered in textbooks is to minimize the variance of summary 
statistics for all strata combined (e.g., the entire wind facility). 
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It is usually stated in textbook examples that a primary objective of stratification is improved 
precision based on optimal allocation of sampling effort into more homogeneous strata. The 
problem with this objective is that it may be possible to create homogeneous strata with respect 
to one primary indicator (or a few indicators), but there are often many indicators measured.  It 
is very unlikely that the units within strata will be homogeneous for all of them. For example, one 
could stratify a study area based on vegetation and find that the stratification works well for 
indicators of impact associated with overstory vegetation. But because of management (e.g., 
grazing), understory vegetation might be completely different and make the stratification 
unsatisfactory for indicators of impact measured in the understory. Further, anticipated reduction 
in variance for the primary indicators may not occur or may be in the range of 5% to 10% and 
thus not substantially better than random sampling. Systematic sampling with post-classification 
into domains of interest (subpopulations) in the spirit of the US EPA Environmental Monitoring 
and Assessment Program (Overton et al. 1991) may perform better than stratified random 
sampling. (See the discussion on systematic sampling below.) 
 
Factors on which to stratify in quantification of impact associated with wind facility development 
could include physiography/topography, vegetation, land use, turbine type, etc. Strata should be 
relatively easy to identify by the methods that will be used to select strata and study sites within 
strata, and of obvious biological significance for the indicators of impact. Spatial stratification is 
a major help when a study is of relatively short duration and very few sites (units) are 
misclassified. However, some potential study sites will be misclassified in the original 
classification (e.g., a pond on the aerial photo was actually a parking lot). The short-term study 
may turn into a long-term study in which interests migrate toward complicated analysis of 
subpopulations (Cochran 1977: 142-144) which cross strata boundaries, and strata may change 
(e.g. the corn field has become a grassland). In long-term studies, the stratification procedure 
will be most favorable at the beginning of the study. Benefits of stratification on characteristics 
such as vegetative cover type, density of prey items, land use, etc. diminish quickly as these 
phenomena change with time. 
 
A fundamental problem is that strata normally are of unequal sizes and, thus, units from 
different strata have different weights (importance values) in any overall analysis to be 
conducted. Consider the relatively complex formulas for computing an overall mean and its 
standard error based on stratified sampling (Cochran 1977: 87-95). In the analysis of 
subpopulations (subunits of a study area) which belong to more than one stratum (Cochran 
1977: 142-144), formulas are even more complex for basic statistics such as means and totals. 
The influence of these unequal weights in subpopulations is unknown for many analyses such 
as ordination or multidimensional scaling. Many analyses of studies ignore these unequal 
weights and assume the units from different strata are selected with equal probability. 
 
Stratification often is based on maps, but studies usually suffer from problems caused by 
inaccurate maps or data concerning impact sites, reference sites, and vegetation types at the 
time study sites are randomly selected. There are two basic problems: 
 

1. Misclassified sites have no chance of selection in the field SOPs used by investigations. 

2. Unequal probability of site selection is introduced within strata.  

 
It may be necessary to stratify with little prior knowledge of the study area; but if possible, 
stratification should be limited to geographic stratification with excellent maps, and the minimum 
number of strata should be used (preferably no more than three or four). Covariates that are 
potentially correlated with the magnitude and duration of impact should be measured on the 
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study sites (or on subsampling units within sites). Some analyses such as ordination and 
multidimensional scaling may require additional original mathematical research for justification 
of their use. The bottom-line on stratified sampling is that the study should be no longer than the 
strata can endure, the strata should be homogeneous for the variables and covariates of 
interest and the strata should be of obvious biological significance for the variables and 
covariates of interest (Morrison et al. 2008). 
 
Systematic sampling. In systematic sampling, the sampling frame is partitioned into units of 
study and samples are selected from the units in accordance with a systematic protocol. 
Systematic sampling distributes the locations of samples uniformly through the list or over the 
area (site) (Morrison et al. 2008). If a random starting rule is followed (Foreman 1991), the 
systematic sample has similar properties to a simple random sample and inferences can be 
made in a similar manner (Morrison et al. 2008). Mathematical properties are not as “nice” as for 
random sampling, but generally the statistical precision is better (Scheaffer et al. 1990). 
Systematic sampling has been criticized for two basic reasons. First, the arrangement of points 
may fall in step with some unknown cyclic pattern in the response of impact indicators. This 
problem is addressed a great deal in theory, but is seldom a problem in practice. Known cyclic 
patterns in the area should be used to advantage to design a better systematic sampling plan. 
 
Second, in classical finite sampling theory (Cochran 1977), variation is assessed in terms of 
how much the result might change if time could be backed up and a different random starting 
point could be selected for the uniform pattern. For a single uniform grid of sampling points or 
plots (or a single set of parallel lines) this is impossible, and thus variation cannot be estimated 
in the classical sense. Various model-based approximations have been proposed for the elusive 
measure of variation in systematic sampling (Wolter 1984).  
 
Aside from the criticisms, systematic sampling works very well in the following situations: 
 

1. Design/data-based analyses conducted as if random sampling had been conducted 
(effectively ignoring the potential correlation between neighboring locations in the 
uniform pattern of a systematic sample [Gilbert and Simpson 1992]). 

2. Encounter sampling with unequal probability (Overton et al. 1991; Otis et al. 1993). 

3. The model-based analysis commonly known as “spatial statistics,” wherein models are 
proposed to estimate impact using the correlation between neighboring units in the 
systematic grid (see, for example, Kriging [Johnson et al. 1989: chapter 10]). 

 
The design and analysis in Case (1), above, is often used in evaluation of indicators in relatively 
small homogeneous study areas or small study areas where a gradient is expected in measured 
values of the indicator across the area. Ignoring the potential correlation and continuing the 
analysis as if it is justified by random sampling can be defended, especially in impact 
assessment, primarily because from a statistical perspective the analysis is conservative. 
Estimates of variance treating the systematic sample as a random sample will tend to 
overestimate the true variance of the systematic sample (Hurlbert 1984; Scheaffer et al. 1990; 
Thompson 1992, 2002). The bottom line is that systematic sampling in relatively small impact 
assessment study areas following Gilbert and Simpson’s (1992) formulas for analysis is a good 
plan. This applies whether systematic sampling is applied to compare two areas (assessment 
and reference), the same area before and following the incident, or between strata of a stratified 
sample. 
 



 

 
247 Appendix C – Statistical Considerations: Study Design and Data Analysis 

One of the primary reasons given for preference of stratified sampling (see above) over 
systematic sampling is that distinct rare units may not be encountered by a uniform grid of 
points or parallel lines. Hence, scientists perceive the need to stratify, such that all units of each 
distinct type are joined together into strata and simple random samples are drawn from each 
stratum. As noted above, stratified random sampling works best if the study is no longer than 
the strata can endure, no units are misclassified, and no units change strata during the study. 
Systematic sampling has been proposed to counter these problems (Overton et al. 1991; 
Morrison et al. 2008). Unequal probability sampling is almost inescapable, but to a large extent, 
the problems associated with misclassified units and units that change strata over time can be 
avoided. For long-term impact assessment or monitoring, or when problems with 
misclassification and changes in land use are anticipated, one should consider systematic 
sampling strategies (Morrison et al. 2008; Overton et al. 1991). Multi-stage sampling (i.e., 
subsampling) using stratified (or random) sampling with the intent of capturing data from rare 
units can be an effective design. 
 
Cost-Cutting Sampling Procedures 
One of the biggest problems with large-scale field studies is that they are very expensive. 
Estimating the number of birds of a large number of species using an area is a prime example. 
Some of the standard sampling procedures that may reduce costs of fieldwork are presented 
below. These techniques should be considered in design of all field studies.  
 
Double sampling and Smith’s two-stage sampling procedure. The basic idea of double 
sampling is that easy-to-measure/economical indicators are measured on a relatively large 
subset or census of sampling units in the assessment and reference areas. In addition, the 
expensive/time-consuming indicators are measured on a subset of the sampling units from each 
area. As always, easily obtainable ancillary data should be collected. Analysis formulas are 
available in Cochran (1977). The ideas for double sampling are simple to state and the method 
is easy to implement. 
 
Smith’s (1979) two-stage sampling procedure is a variation of the general double sampling 
method. Basically, Smith’s suggestion is to over-sample in an initial survey when knowledge 
concerning impacts is most limited, and to record economical easy-to-measure indicators. For 
example, bird use (an index to abundance sampled according to a probability sample) might be 
taken during a pilot study, allowing one to identify species most likely affected. In the second 
stage and with the benefit of pilot information gained, the more expensive and time-consuming 
indicators (e.g., the actual number of individuals) might be measured on a subset of the units. If 
the correlation between the indicators measured on the double-sampled units is sufficiently 
high, precision of statistical analyses of the expensive/time-consuming indicator is improved. 
For a more detailed discussion of double sampling please refer to Morrison et al. (2008). 
 
Ranked set sampling. Ranked set sampling is a technique originally developed in estimation of 
biomass of vegetation during study of terrestrial vegetation; however, the procedure deserves 
much broader application (Stokes 1986; Muttlak and McDonald 1992; Patil et al. 1994). The 
technique is best explained by a simple illustration. Assume 60 uniformly spaced sampling units 
are arranged in a rectangular grid in a WRA. Measure a quick, economical indicator of animal 
risk (say bird use) on each of the first three units, rank-order the three units according to this 
indicator and measure an expensive indicator (say bird fatalities) on the highest ranked unit. 
Continue by measuring bird use on the next three units (numbers 4, 5, and 6), rank order them, 
and measure fatalities on the second-ranked unit. Finally, rank order units 7, 8, and 9 by bird 
use and measure fatalities on the lowest ranked unit; then start the process over on the next 
nine units. After, completion of all 60 units, a “ranked set sample” of 20 units will be available on 
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the fatalities. This sample is not as good as a sample of size 60 for estimating the number of 
bird fatalities, but should have considerably better precision than a standard sample of size 20. 
 
Ranked set sampling is most advantageous when the quick, economical indicator is highly 
correlated with the expensive indicator, and ranked set sampling can increase precision and 
lower costs over simple random sampling (Mode et al. 2002). These relationships need to be 
confirmed through additional research. Also, the methodology for estimation of standard errors 
and allocation of sampling effort is not straightforward. 
 
Sequential sampling. In sequential sampling, a statistical test is used to evaluate data after the 
impact indicator is measured on a subset of units or batch of units selected for sampling 
(Johnson et al. 1989: Chapter 8; Mukhopadhyay et al. 1992). The results of each sequential test 
determine whether another subset of sampling units or batch of units will be collected and 
analyzed. The procedure has obvious advantages in certain situations where a large number of 
samples are collected for laboratory analysis. In field studies, the estimate of certain biases, 
such as the estimate of scavenger removal of carcasses by monitoring carcasses placed in the 
field, might benefit from sequential sampling. 
 
Johnson et al. (1989) presented the basic formulas for sequential analysis using simple random 
sampling. However, any variation in the simple random sampling protocol (or simple systematic 
sampling protocol) results in computational requirements not described in standard textbooks. 
Unexpected complexities are introduced into statistical procedures, because the “sample size” 
is a random variable (i.e., one cannot determine in advance the number of sampling units which 
will be analyzed). 
 
Adaptive sampling. In adaptive sampling the procedure for selecting sites or units to be 
included in the sample may depend on values of the variable of interest observed during the 
survey (Thompson and Seber 1996; Thompson 2002; Smith et al. 2004). Adaptive sampling 
takes advantage of the tendency of plants and animals to aggregate and uses information on 
these aggregations to direct future sampling. Adaptive sampling could be considered a method 
for systematically directing search sampling.  
 
As an example of adaptive sampling, suppose the wind facility is divided into a relatively large 
number of study units. A survey for bird carcasses is conducted in a simple random sample of 
the units. Each study unit and all adjacent units are considered a “neighborhood” of units. With 
the adaptive design additional searches are conducted in those units in the same neighborhood 
of a unit containing a carcass in the first survey. Additional searches are conducted until no 
further carcasses are discovered. As with sequential sampling, computational complexities are 
added because of the uncertainty of the sample size and the unequal probability associated with 
the selection of units. 
 
Generalized random-tessellation stratified designs. Generalized random-tessellation 
stratified designs (GRTS; Stevens and Olsen 1999, 2004), were developed to assist with spatial 
sampling of natural resources (Morrison et al. 2008). GRTS designs assume that segments of a 
population are more similar the closer they are in space. Sampling procedures are designed so 
that they are stratified and spatially balanced across the landscape (Stevens and Olsen 2004). 
 
Searching for hot spots. Methods of searching for hot spots (i.e., areas within the assessment 
area which have high values of the impact indicator) may be valuable under certain conditions 
— including the evaluation of whether impacts are significant and continuing. Johnson et al. 
(1989: Chapter 9) model a hot spot as a localized elliptical area with values of the impact 
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indicator above a certain standard. If a sampling study does not find hot spots, then confidence 
is gained in the conclusion that the area is not impacted above the standard or that impacts are 
not continuing above the standard. Techniques involve systematic sampling from a grid of 
points arranged in a certain pattern and judgment that there are no hot spots of impact if none of 
the points yield values above a given standard. This technique will be most applicable in wind 
facility monitoring studies where regulatory standards for mortality exist, the study is of limited 
duration, and no reference areas are available. 
 
Johnson et al. (1989: Chapter 9) provided a thorough introduction to the technique and gave the 
analyses for two basic approaches. If hot spots are detected then a decision must be made 
whether it is necessary to fully quantify the impact over the assessment area or just within the 
hot spots. For wind facilities, monitoring for mortality might consider this approach if more 
extensive sampling suggest hot spots (e.g., end row turbines, turbines near wetlands, etc.). 
However, more extensive monitoring may be required to identify hot spots, if bird use of the 
wind facility changes.  
 
Monitoring revisit design. The survey designs for environmental monitoring are greatly 
enhanced by the use of panels to identify which sample units are surveyed on each visit through 
time. A panel is a collection of sample units that are always sampled at the same time (Fuller 
1999). The frequency and pattern at which panels are visited through time is the revisit design 
(McDonald 2003). In environmental monitoring there is dynamic tension between the objective 
of estimating trend over a period of years and estimating status in any given year. The revisit 
design reflects the relative importance of each monitoring objective.  
 
Visiting a set of sample units every year (pure panel) ensures low variance for trend estimates, 
but in the case of sampling some subjects such as plants, the sites tend to wear out and obtain 
biases through conditioning, particularly when destructive sampling is used (Fuller 1999; 
McDonald 2003). Visiting a set of sites in alternating years (rotating panel) allows for the 
inclusion of more sites in the sample (increasing the chance of observing rare elements) and 
reducing cost and results in low variance for the estimation of mean levels (status) within a year 
(Fuller 1999; McDonald 2003). Urquhart and Kincaid (1999) found the pure panel to be the best 
for detecting linear trends through time and revisiting new sample units each time to be the best 
for estimating status. Revisit designs for biological monitoring balance the objectives for status 
and trend estimation equally as suggested by McDonald (2003), Fuller (1999), Breidt and Fuller 
(1999), and Urquhart et al. (1998). 
 
McDonald (2003) provided several examples of revisit designs. The split panel revisit design 
may have particular application for large scale or long-term monitoring studies. The split panel 
includes a panel (group of sample units) that is visited every survey period, and several panels 
that are visited in rotating sampling periods. For example, one panel might be surveyed each 
visit during a year and four panels might be surveyed once every fourth visit. This split panel 
design has been shown to provide the most power for estimating status and trend (Breidt and 
Fuller 1999; Urquhart and Kincaid 1999).  
 
Methods of probability sampling. Regardless of the sampling design of a study, data must be 
collected either in plots, along lines, using a plotless sampling method, or through some form of 
model-based sampling. For a detailed description of these methods please refer to Morrison et 
al. (2008).  
 
In the cases where the probability of selection is influenced in some predictable way by some 
characteristic of the object or organism, this bias must be considered in calculating means and 
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totals (Morrison et al. 2008). Examples include line intercept sampling of vegetation (McDonald 
1980; Kaiser 1983), aerial transect methods for estimating big game numbers (Steinhorst and 
Samuel 1989; Trenkel et al. 1997), and the variable circular plot method for estimating bird 
numbers (Reynolds et al. 1980). If the probability of selection is proportional to some variable, 
then equations for estimating the magnitude and mean for population characteristics can be 
modified by an estimate of the bias caused by this variable.  
 
Fixed area plot. Sampling a population is usually accomplished through a survey of objects 
(e.g., animal carcasses) in a collection of known size sample units. The survey is assumed 
complete (e.g., a census), so the only concern is plot-to-plot variation. Estimating the variance 
of these counts uses standard statistical theory (Cochran 1977). Results from the counts of 
organisms on sample units are extrapolated to area of interest based on the proportion of area 
sampled.  
 
Sampling by fixed plot is best done when organisms are sessile (e.g., plants) or when sampling 
occurs in a short time frame such that movements from plots have no effect (e.g., avian use 
surveys) (Morrison et al. 2008). We assume, under this design, that counts are made without 
bias and no organisms are missed. If counts have a consistent bias or organisms are missed, 
then estimation of total abundance may be inappropriate (Anderson 2001) unless biases can be 
estimated. Aerial surveys are often completed under the assumption that few animals are 
missed and counts are made without bias. However, as a rule, total counts of organisms, 
especially when counts are made remotely such as with aerial surveys, should be considered 
conservative. Biases are also seldom consistent. For example, aerial counts are likely to vary 
depending on the observer, the weather, ground cover, pilot, and type of aircraft. When there 
are known biases (e.g., detection bias), they can be estimated and used to adjust the counts. 
 
Line intercept sampling. The objective in line intercept sampling is estimation of parameters of 
two-dimensional objects in a two-dimensional study area (Morrison et al. 2008). The basic 
sampling unit is a line randomly or systematically located perpendicular to a baseline and 
extended across the study area. In wildlife studies, the objects (e.g., habitat patches, fecal 
pellets groups) will vary in size and shape and thus will be encountered with a bias toward 
larger objects relative to the baseline. This size bias does not affect the estimate of aerial 
coverage of the objects but may bias estimates of other parameters. For example, estimates of 
age or height of individual plants would be biased toward the larger plants in the study area. 
Estimates of these parameters for the study area must be corrected for this source of bias. 
 
The primary application of line intercept sampling has been to estimate coverage by the objects 
of interest (Canfield 1941). The procedure also has been used to record data on attributes of 
encountered objects (Lucas and Seber 1977; Eberhardt 1978; McDonald 1980; Kaiser 1983), to 
estimate a variety of parameters including the aerial coverage of clumps of vegetation, coverage 
and density (number per unit area) of a particular species of plant, number of prairie dog 
burrows, and the coverage by different habitat types on a map (Morrison et al. 2008).  
 
Plotless point sampling. Plotless methods from sample points using some probability 
sampling procedure are considered more efficient than fixed area plots when organisms of 
interest are sparse and counting of individuals within plots is time consuming (Ludwig and 
Reynolds 1988). The most common applications of plotless methods are line transect surveys 
and variable area circular plots. 
 
Line transects. Line transects are similar to line intercept sampling in that the basic sampling 
unit is a line randomly or systematically located on a baseline, perpendicular to the baseline, 
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and extended across the study region (Morrison et al. 2008). Unlike line intercept sampling, 
objects are recorded on either side of the line according to some rule of inclusion. When a total 
count of objects is attempted within a fixed distance of the line, transect sampling is analogous 
to sampling on a fixed plot. This form of line transect, also known as a belt (strip) transect, has 
been used by the US Fish and Wildlife Service (USFWS) (Conroy et al. 1988) in aerial counts of 
black ducks. As with most attempts at total counts, belt transect surveys usually do not detect 
100% of the animals or other objects within the strip. When surveys are completed according to 
a standard protocol, the counts can be considered an index. Conroy et al. (1988) recognized 
ducks were missed and suggested that survey results should be considered an index to 
population size. 
 
Line-transect sampling wherein the counts are considered incomplete has been widely applied 
for estimation of density of animal populations. Burnham et al. (1980) comprehensively 
reviewed the theory and applications of this form of line transect sampling. Buckland et al. 
(1993) updated the developments in line transect sampling through the decade of the 1980s. 
Alpizar-Jara and Pollock (1996), Beavers and Ramsey (1998), Manly et al. (1996), Quang and 
Becker (1996, 1997), and Southwell (1994) developed additional theory and application. The 
notation in this section follows Burnham et al. (1980).  
 
There are several assumptions required in the use of line transect surveys (Buckland et al. 
2001), including: 
 

1. Objects on the line are detected with 100% probability. 

2. Objects do not move in response to the observer before detection (e.g., animal 
movements are independent of observers). 

3. Objects are not counted twice. 

4. Objects are fixed at the point of initial detection. 

5. Distances are measured without errors. 

6. Transect lines are probabilistically located in the study area. 

 
The probability of detecting an object at a perpendicular distance (the detection function) of x 
from the transect line is used in correcting for visibility bias away from the line of counted 
objects (Morrison et al. 2008). Detection functions can be made up of a mixture of more simple 
functions which depend on factors such as weather, observer training, vegetation type, etc., so 
long as all such functions satisfy the condition that probability of detection is 100% at the origin 
x = 0 (Burnham et al. 1980). The field of abundance and density estimation from transect-based 
sampling schemes is active, so additional methodologies are sure to be forthcoming (Morrison 
et al. 2008). Counting of organisms along a transect is a useful sampling procedure when the 
organisms of interest are relatively rare. For example, line transect sampling is frequently used 
in estimation of abundance of grassland birds (see Shaffer and Johnson 2009).  
 
Variable area circular plots. The variable circular plot often is applied as a variation of line-
transect sampling. The variable circular plot is recommended for surveys of organisms in dense 
vegetation and rough terrain where attention may be diverted from the survey and toward simply 
negotiating the transect line. An added advantage of the circular plot is that the observer can 
allow the surveyed animals to settle down. For example, in estimating the number of birds in an 
area (Reynolds et al. 1980) in breeding bird surveys, observers wait several minutes to allow 
the songbirds disturbed by their arrival to settle down before visual and auditory counts begin. 
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This technique also is useful when the objective is to relate animals within a circular area to 
characteristics (e.g., vegetation) of the area. 
 
Although the plot is referred to as circular, the procedure is shapeless as all observations made 
from a point, in any direction, are recorded. Plot size is a function of the observer’s ability to 
detect the organism of interest and not the design (Ramsey and Scott 1979). As with a line 
transect, estimation of the number of organisms within the area surveyed is based on a 
detection function that represents the distance at which the observer can detect organisms of 
interest.  
 
Program DISTANCE (Buckland et al. 1993, 2001) is frequently used to estimate animal 
densities from variable circular plot data. The theoretical models and estimation methods used 
in DISTANCE work best when at least 40 independent observations exist for the area of interest 
(Morrison et al. 2008). Data may be pooled across time periods or species to estimate detection 
functions resulting in an average detection probability. 
 
The assumption that counts are independent may be difficult, as subjects being counted are 
seldom marked or obviously unique. Biologists may consider estimating use per unit area per 
unit time as an index to abundance. When subjects are relatively uncommon, the amount of 
time spent within distance intervals can be recorded. In areas with a relatively high density of 
subjects, surveys can be conducted as instantaneous counts of animals at predetermined 
intervals of time during survey periods (Morrison et al. 2008). 
 
Spatial statistics. Wildlife studies frequently are interested in describing the spatial pattern of 
wildlife resources in relation to environmental parameters. Manly (2009) provides a summary of 
spatial data analysis and includes the following uses: 
 

1. Detect patterns in the locations of objects in space.  

2. Quantify correlations between the spatial locations for two types of objects.  

3. Measure the spatial autocorrelation for the values of a variable measured over space.  

4. Study the correlation between two variables measured over space when one or both of 
those variables displays autocorrelation.  

 
In a study using spatial statistics, data generally are gathered from a grid of points and the 
spatial covariance structure of variables is used to estimate the variable of interest at points not 
sampled (Morrison et al. 2008). The data on the variable of interest at the sample locations 
could be used to predict the distribution of the variable for management or conservation 
purposes. For example, bird counts as an index of local use could be used to design the wind 
facility to avoid high bird use areas (e.g., Foote Creek Rim report; Johnson et al. 2000).  
 
 
DATA ANALYSIS 
 
Univariate Analyses  
 
The analysis of impact assessment studies may be complicated because they usually involve 
repeated measurements over time at study sites (Stewart-Oaten and Bence 2001) and repeated 
measures at one site often will be correlated (Manly 2009). If such correlation is not taken into 
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account in the analysis of data, then the design has pseudoreplication, potentially over-
estimating the statistical significance of the impact (Manly 2009). When there are multiple 
control and impact sites, Manly (2009) suggested the use of a repeated-measures analysis of 
variance. There are other potential methods of analysis of data for several control and impact 
sites; these methods can become quite complicated, and expert advice should be sought. 
 
It is assumed that quantification of impact will be based on measurements for indicators that 
satisfy the criteria for determination of impact and that multiple reference and impact areas will 
not be available. For these indicators in this circumstance, conducting a series of independent 
univariate analyses is recommended. For example, the number of dead birds found per square 
kilometer (km2) of wind facility surveyed following a year of operation might be estimated and 
compared to the number of dead individuals found per km2 on a reference area. During the 
same year of the same study, the number of fledglings produced per nest might be estimated 
and compared among the study areas.  
 
It is recommended that impact and recovery of a biological community be defined in terms of 
individual impact indicators. Examples of impact indicators include the number of individuals of 
a particular species, biomass of a particular species, and number of species present. Impact is 
determined by evaluating differences between impact indicators before and after an impact on 
the assessment area (BA designs) or the assessment and reference areas (e.g., BACI designs). 
An impact-gradient design looks for a trend in the values of impact indicators with increasing 
distance from a point source impact (Manly 2009). Recovery is considered incomplete and an 
impact exists in the biological community as long as any differences (positive or negative) in 
indicators can be detected between assessment and reference areas within the particular study 
design used (Page et al. 1993; Stekoll et al. 1993; Manly 2009). It is also recommended that: 
 

• The biological community be characterized in terms of relatively uncorrelated indicators 
that are impact indicators; and that  

• Individual tests of direct and more understandable measures of community response be 
used rather than the multivariate indices mentioned below. 

 
As an example, several comparisons of impact indicators – e.g., the numbers of several species 
and the biomass of those same species – are made between a wind facility and reference 
areas. The species selected should be relatively unrelated ecologically (e.g. golden eagles and 
several species of passerines and shore birds). In the analysis of impact the percentage of 
biological indicators that are significantly different (positive or negative) when tested at a given 
level of significance (Page et al. 1993; Stekoll et al. 1993) is used to determine the direction and 
magnitude of the impact. This use of a relatively large number of individual comparisons is 
related to the vote-counting method of meta-analysis (Hedges and Olkin 1985; Hedges 1986). 
 
In spite of the recommendation above that indicators be uncorrelated, the indicators (e.g. 
number of individuals of a species) will always be correlated to a certain extent. Thus, individual 
comparisons used in determining impact (i.e., the P-values from the indicators) are not 
independent. Admittedly the procedure is ad hoc if applied only once after the impact, because 
the expected percentage of significant differences is unknown (under the hypothesis that 
assessment and reference areas have the same distributions for indicators). However, impact to 
the community can be inferred if, for example: 
 

• In a BACI design (with data collected before and following the impact) there is an abrupt 
increase in the percentage of significant differences following the incident (the inference 
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will be more reliable if the abrupt increase is followed by a return to baseline levels, i.e., 
recovery); or, 

• In an Impact-Reference design (with several time periods of data collected following the 
impact) there is a large percentage of significant differences relative to the size of the 
test (e.g., α = 0.05) immediately following the impact which is followed by a reduction in 
the percentage (the inference will be more reliable if the percentage decreases to about 
5%). 

 
This form of data analysis increases the likelihood of Type I errors (described under “Statistical 
Power and Weight of Evidence,” below) and makes the interpretation of results in studies with a 
large number of impact indicators difficult. The assessment of the statistical significance of 
differences is also more subjective than with multivariate tests, placing a greater burden on the 
researcher in evaluating the results. However, univariate tests help interpret results in terms of 
biological significance. As mentioned above, some correlation among impact indicators usually 
will exist and univariate analyses will help with the interpretation of the significance of this 
correlation in the determination of impact. In the univariate analysis the detection of obvious 
impacts and their cause will be more straightforward and more easily defended when compared 
to multivariate indices of impact. 
 
Multivariate Analysis 
 
There is a great deal of interest in simultaneous analysis of multiple indicators (multivariate 
analysis) to explain complex relationships among many different kinds of indicators over space 
and time. This is particularly important in studying the impact of a perturbation on the species 
composition and community structure of flora and fauna (Page et al. 1993; Stekoll et al. 1993). 
These multivariate techniques (Gordon 1981; Green 1984; James and McCulloch 1990; Ludwig 
and Reynolds 1988; Manly 1986, 2009; Pielou 1984; Seber 1984) include multidimensional 
scaling and ordination analysis by methods such as principal component analysis and 
detrended canonical correspondence analysis (Page et al. 1993). If sampling units are selected 
with equal probability by simple random sampling or by systematic sampling from the 
assessment and reference areas, and no pseudo-experimental design is involved (e.g., no 
pairing), then the multivariate procedures are applicable. 
 
It is unlikely that multivariate techniques will directly yield impact indicators (i.e., combinations of 
the original indicators) that meet the criteria for determination of impact. The techniques 
certainly can help explain and corroborate impact if analyzed properly within the study design. 
However, data from many recommended study designs are not easily analyzed by those 
multivariate indices, because, for example: 
 

• In stratified random sampling, units from different strata are selected with unequal 
weights (unequal probability). 

• In matched pair designs, the inherent precision created by the pairing is lost if that pair 
bond is broken. 

 
Meta-Analysis 
 
Meta-analysis is a relatively new approach as applied to the analysis of ecological field studies. 
It involves the combination of statistical results from several independent studies that all deal 
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with the same issue (Hedges and Olkin 1985; Hedges 1986). While many biologists and 
statisticians are unfamiliar with its application, meta-analysis has been well known and widely 
used in some fields (e.g. psychology, medical research) for quite some time. It may be 
extremely important for use of historical and baseline data in impact assessment. The simplest 
form of meta-analysis (Fisher 1970) is easy to understand. If several independent statistical 
comparisons are made on the same impact indicator but with relatively low sampling intensity, 
then it is possible that none are significant at the traditional level of P < 0.05. However, all or 
most significance levels may be “small” (e.g., all Ps are < 0.15) and suggestive of the same type 
of impact. The probability that, for example, three or more independent tests would, by chance, 
indicate the same adverse impact if there were no actual impact from the perturbation, is itself 
an unlikely event. The combined results may establish impact due to the incident with overall 
significance level P < 0.05.  
 
For a second illustration, historic scientific studies in a given assessment area may have 
addressed the same basic objective, but were conducted by different protocols with varying 
degrees of precision. It is difficult to combine original data from such studies, but it may be 
possible to combine results of statistical tests using meta-analysis to establish a reliable 
measure of baseline conditions. 
 
For a third illustration of potential use of meta-analysis, consider stratified random sampling, 
where sampling intensity within a given stratum (e.g., vegetation type) is not sufficient to reject 
the classical null hypothesis of “no impact.” If the point estimates of effect are in the same 
direction and indicate impact, then the statistical results might be combined across strata (e.g., 
vegetation type) by meta-analysis to establish the overall conclusion of impact at an acceptable 
level of precision. 
 
An alternative form of meta-analysis used in medical research is the statistical analysis of 
pooled data from numerous independent studies. This approach is only appropriate when 
methods and metrics are similar among the studies included in the analysis (Morrison et al. 
2008). Erickson et al. (2002) illustrated the use of meta-analysis of pooled data from a relatively 
large group of independent observation studies of the impacts of wind energy facilities on birds 
and bats. The study analyzed data on mortality, avian use, and raptor nesting for the purpose of 
predicting impacts based on various levels of effort. The authors carefully screened the methods 
used in the independent studies to insure that pooling was appropriate.  
 
Discussion of all aspects of the emerging field of meta-analysis is beyond the scope of this 
document (see, for example, Hedges and Olkin 1985; Hedges 1986; Durlak and Lipsey 1991; 
Draper et al. 1992; Burnham 1995; Hunter and Schmidt 1990: see reviews by Arnqvist and 
Wooster 1995; Gurevitch et al. 2001; Gates 2002). Meta-analysis should be considered if 
several historic or baseline studies have been conducted. It may also be of value if several 
independent studies point in the same direction of impact, but individually lack the usual 
scientific requirements for statistical inferences that the impacts are “real.” 
 
Resource Selection 
 
As well summarized elsewhere (e.g., Manly et al. 2002; Morrison et al. 2006), documentation of 
the resources used by animals is a cornerstone – along with quantifying distribution and 
abundance – of animal ecology. Thus, much literature is available on how to identify, quantify, 
and interpret the use of resources by animals (Morrison et al. 2008). Scientists often identify 
resources used by animals (e.g. vegetation type, food) and document their availability (usually 
expressed as abundance or presence/absence). Usually these studies are carried out to identify 
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the long-term requirements for the management or conservation of an animal population. The 
amount of a resource in the environment that is accessible to an animal is termed resource 
availability; whereas, the absolute amount of that resource in the environment is termed 
resource abundance. Resource selection is defined by Manly et al. (2002) as the use of a 
resource relative to the availability or abundance of that resource.  
 
Resource selection can be analyzed by comparing two of the three possible sets of resource 
units, namely used, unused, and available. Manley et al. (2002:5-6) used these sets to identify 
three common sampling protocols:  
 

A. Available units are either randomly sampled or censused and used resource units are 
randomly sampled. 

B. Available resource units are either randomly sampled or censused and a random sample 
of unused units is taken. 

C. Unused resource units and used resource units are independently sampled. 

 
Three general study designs for evaluating resource selection have been identified in the 
literature (see especially Thomas and Taylor 1990). Each of the above three sampling protocols 
(A, B, C) can be used for each of the following study designs, and the specific combination of 
protocol and design used to gather the data determines some of the underlying assumptions 
required for subsequent analyses (Morrison et al. 2008). 
 
Design 1: The availability and use for all items are estimated for all animals (population), but 
organisms are not individually identified, and only the item used is identified. Availability is 
assumed to be equal for all individuals. Habitat studies often compare the relative number of 
animals or their sign of presence in each vegetation type to the proportion of that type in the 
study area.  
 
Design 2: Individual animals are identified, and the use of each item is estimated for each 
animal. As for Design 1, availabilities are assumed equal for all individuals and are measured or 
estimated for the entire study area. Studies that compare the relative number of relocations of 
marked animals in each vegetation type to the proportion of that type in the area fall into this 
category. 
 
Design 3: This design is the same as Design 2, except that the availability of the items is also 
estimated for each individual animal. Studies in this category often estimate the home range or 
territory for an individual and compare use and availabilities of items within that area. 
 
Thomas and Taylor (1990) and Manly et al. (2002) provided a good review of studies that fit 
each of these categories, as well as guidelines for sample sizes necessary to conduct such 
analyses. Studies using Design 1 tend to be inexpensive relative to Designs 2 and 3 because 
animals do not need to be identified individually. Designs 2 and 3 allow for analysis of resource 
selection on the individual, thus estimates calculated from observations may be used to 
estimate parameters for the population of animals and produce estimates of variability of these 
estimates (Morrison et al. 2008). 
 
The differential selection of resources provides information about the ecology of birds, bats and 
other wildlife that should also improve the assessment of risk posed by potential wind facilities. 
Resource selection also could be used in model-based analyses of such things as the 
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difference in mortality associated with turbine design. The specific statistical procedures and 
models used in resource selection studies are basically the same as those used in other studies 
of wildlife ecology, and have been well presented by Manley et al. (2002). Using most of the 
designs previously discussed, resource selection models can be used to evaluate mortality and 
other metrics indicating risk to wildlife as a function of distance to various turbine types. 
 
Resource selection is conceptualized to occur as a hierarchical, decision making process by an 
animal (e.g., Manly et al. 2002:1-2; Morrison et al. 2006:155-158). Thus, when designing a 
study of resource selection you must consider how the animal and resources interact across 
spatial scales, from the broad (landscape) to the local (e.g., feeding site). In many cases studies 
must be designed to account for multiple scales of selection. Additionally, resource selection will 
vary by season, and sex and age class (Morrison et al. 2008).  
 
Statistical tools used in habitat selection studies are applied to the animal use data for 
investigation of habitat selection as well as the effects of the turbines on the wildlife resource. 
Data collected prior to development of the wind facility can be used to determine what important 
factors appear to be related to presence/absence of an animal species or the magnitude of use 
by the species. For example, through multiple regression techniques it may be shown that use 
by a species of bird is related to the amount (percentage of area) of land protected under the 
Conservation Reserve Program (CRP) within the vicinity of the point-count or to distance from 
the nearest wetland. Using presence/absence data at the point-count location, logistic 
regression (Hosmer and Lemeshow 1989) can be used to estimate the relative probability that 
an area will be used as a function of the characteristics of the area. For example, it may be 
shown that distance to the nearest wetland is related to the probability of use for a species, and 
those areas at (for example) 300 meters are twice as likely to have bird use by this species as 
areas at 500 meters. These functions may be useful in developing a data layer in a GIS system 
indicating those regions within a development which have the highest probability of use by the 
given species. This information may be useful in siting turbines in future phases.  
 
Resource selection techniques can be applied to evaluate effects of wind turbines on animals. 
For example, logistic regression models may show that a bird species has a higher probability of 
using an area that is far from turbines (i.e., possible avoidance of turbines). Multiple regression 
models may be used to determine if distance to turbines is negatively related to the magnitude 
of bird use.  
 
Data collected at the point (e.g., bird use, presence/absence, and habitat) are used in the 
logistic and multiple regression analyses. Because repeated correlated measures are made of 
these variables at the point, bootstrapping techniques (Manly 1991; Ward et al. 1996) can be 
used to estimate the precision and confidence in the coefficients of the regression analyses and 
to avoid pseudoreplication.  
 
In most field studies it will be impossible to identify unique animals. However, by using 
observations of animals seen from randomly or systematically chosen points it is possible to use 
resource variables with known availability (e.g., vegetation) as predictor variables (Design 1 
from above). For example, if it appears that a certain vegetation type is preferentially selected 
for hunting by red-tailed hawks within 0.5 km of a nest, then one could predict that the risk of 
impact would increase if turbines were constructed on preferred hunting habitat <0.5 km from a 
nest. Alternatively, the study area could be classified into available units characterized on the 
basis of a set of predictor variables such as vegetation type, distance to water, distance to a 
nest, and distance to a turbine. The presence or absence of use of a sample of units could then 
be used to assess the effect of the predictor variables on bird use. In the case where study plots 
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are searched for the presence or absence of dead birds or bats, resource selection could be 
used to evaluate the effect of a set of predictor variables on mortality.  
 
Radio telemetry offers a unique opportunity to use resource selection in the study of the impacts 
of wind facilities on habitat use by wildlife, particularly prairie grouse (Design 2 or 3 from above). 
For example, research into the response of prairie chickens to wind energy development is 
being conducted at the Meridian Way Wind Farm in the Smoky Hills of Cloud County in eastern 
Kansas. The study included pre- and post-construction data on land where wind energy projects 
are proposed and on control sites where development is not planned; the experimental and 
control sites are currently undisturbed prairie rangeland. This venture is a collaborative scientific 
inquiry to establish whether there are effects from wind structures to prairie chickens in the 
Midwest (Brett Sandercok, Kansas State University, personal communication). Based on the 
results of this pre-treatment data, the areas were spatially classified from high to low probability 
of use. Once the wind facility is constructed, spatial changes in the probability of use in 
response to development will be estimated. Sawyer et al (2006) provides an excellent example 
of this type of impact assessment in his study of the impacts of gas development on mule deer 
in western Wyoming. 
 
Statistical Power and the Weight of Evidence 
 
Scientists often are concerned with the statistical power of an experiment, that is, the probability 
of rejecting a null hypothesis when it is false. Four inter-related factors determine statistical 
power: power increases as sample size, α-level, and effect size increase; power decreases as 
variance increases. Understanding statistical power requires an understanding of Type I and 
Type II error, and the relationship of these errors to null and alternative hypotheses. It is 
important to understand the concept of power when designing a research project, primarily 
because such understanding grounds decisions about how to design the project, including 
methods for data collection, the sampling plan, and sample size. To calculate power the 
researcher must have established a hypothesis to test, understand the expected variability in 
the data to be collected, decide on an acceptable α-level, and most importantly, decide on a 
biologically relevant response level (Morrison et al. 2008).  
 
Traditionally in scientific research, a null hypothesis – that there is no difference in the value of 
an indicator between reference areas and assessment areas or that there is a zero correlation 
between two indicators along their gradients – is adopted as the “straw man” that must be 
rejected in order to infer that an indicator has changed or that a cause-and-effect relationship 
exists. Although this approach has pervaded the scientific method and discipline of statistics for 
nearly a century, it usually places the burden of scientific proof of impact on regulators. The 
classical use of a null hypothesis protects only against the probability of a Type I Error 
(concluding that impact exists when it really does not, i.e., a false positive). Often the 
significance level is required to be below α = 0.05 before the conclusion of impact is considered 
to be valid. The probability of a Type II Error (concluding no impact when in fact impact does 
exist, i.e., a false negative) is commonly ignored and is often much larger than 0.05. The risk of 
a Type II error can be decreased by conducting larger, more expensive studies or, in some 
situations, through use of better experimental design or more powerful types of analysis. In 
general, the power of a statistical test of some hypothesis is the probability that it rejects the null 
hypothesis when it is false. An experiment is said to be very powerful if the probability of a Type 
II Error is very small. 
 
The traditional statistical paradigm is geared to protect against a “false positive,” but the interest 
of the regulator is protection against a “false negative.” A more fair statistical method is needed 
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to balance protection against the two possible errors. The standard paradigm is clumsy at best 
and is not easily understood by many segments of society. For discussion of an alternative 
paradigm, see McDonald (1995), McDonald and Erickson (1994), and Erickson and McDonald 
(1995). 
 
In the case of wind facility monitoring, the null hypothesis will usually be that there is no impact 
to one or more wildlife species or their habitat. Accepting a “no impact” result when an 
experiment has low statistical power may give regulators and the public a false sense of 
security. The power of the test to detect an effect is a function of the sample size, the chosen α 
value, estimates of variance, and the magnitude of the effect. The α level of the experiment is 
usually set by convention, if not by regulation, and the magnitude of the effect in an 
observational study is certainly not controllable. Thus, sample size and estimates of variance 
usually determine the power of observational studies. Many of the methods discussed in this 
appendix are directed toward reducing variance in observational studies. When observational 
studies are designed properly, the ultimate determination of statistical power is sample size. 
 
The lack of sufficient sample size necessary to have reasonable power to detect differences 
between treatment and reference areas is a common problem in field studies described in this 
chapter. Estimates of direct mortality can be made in a given year through carcass searches, 
but tests of other parameters for any given year (e.g., avoidance of wind facility by bird species) 
may have relatively little power to detect an effect of wind energy development on the species of 
concern. The lack of power is a concern and should be addressed by increasing sample size, 
through the use of other methods of efficient study design described above, and by minimizing 
measurement error (e.g., through use of the proper study methods, properly trained personnel, 
etc.). However, most field studies will result in data that must be analyzed with an emphasis on 
detection of biological significance when statistical significance is marginal. Computer-intensive 
methods allow estimates of variance and standard error when complicated designs make 
standard estimates of variance problematic (Manly 1991). Such methods can be useful in 
calculating confidence intervals and in tests of hypotheses using data with non-standard 
distributions. Computer-intensive methods also can be used with pilot data to predict necessary 
sample sizes to meet objectives for precision. For a more complete study of statistical power 
see Cohen (1973), Dallal (1992), Fairweather (1991), Peterman (1989), and Morrison et al. 
(2008). 
 
The trend of differences between reference and impact areas for several important variables 
may detect impacts, even when tests of statistical significance on individual variables have 
marginal confidence. This deductive, model-based approach is illustrated by the following 
discussion. The evaluation of effects from wind energy development includes effects on 
individual animals (e.g., reduction or increase in use of the area occupied by the turbines) and 
population effects such as mortality (e.g., death due to collision with a turbine). Several 
outcomes are possible from the wildlife studies. For example, a decline in bird use on a new 
wind facility without a similar decline on the reference area(s) may be interpreted as evidence of 
an effect of wind energy development on individual birds. The presence of a greater number of 
carcasses of the same species near turbines than in the reference plots increases the weight of 
evidence that an effect can be attributed to the wind facility. However, a decline in use of both 
the reference and development area (i.e., an area with wind turbines) in the absence of large 
numbers of carcasses may be interpreted as a response unrelated to the wind facility. Data on 
covariates (e.g., prey) for the assessment and reference area(s) could be used to clarify this 
interpretation further. 
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The point at which fatalities are considered significant is subjective and will depend on the 
species involved. Even a small number of carcasses of a rare species associated with turbine 
strings may be considered significant, particularly during the breeding season. A substantial 
number of carcasses associated with a decline in use relative to the reference area, particularly 
late in the breeding season during the dispersal of young, may be interpreted as a possible 
population effect. The suggestion of a population effect may lead to additional post-construction 
studies. 
 
Sampling intensity. Usually the largest source of variation in impact indicators is natural 
variation among sampling units across study areas and time, not measurement and 
subsampling error (e.g., determining the cause of death through blind necropsy). Precision of 
statistical procedures and power to detect important changes in impact indicators usually will be 
most influenced by an increase in the number of independent sampling units in the assessment 
and reference areas. A rule of thumb for improving statistical precision is to increase the number 
of independent field sampling units. If preliminary or pilot data are available, optimal allocation of 
financial resources to increase precision in statistical procedures (i.e., stratification) should be 
considered. 
 
 
SUMMARY AND CONCLUSION 
 
Protocols for wildlife studies will, by necessity, be site- and species-specific. However, all 
protocols should follow good scientific methods. Many of the issues related to wildlife impacts of 
wind energy development are contentious, and settling these issues will be assisted by good 
scientific studies. However, many of the issues related to wind energy impacts on wildlife are 
based on relatively rare events. First, producing electricity commercially with wind energy is a 
relatively recent development. Bird fatalities appear to be infrequent in most wind facilities. 
Many of the bird species of major concern also are rare. Bat fatalities also are relatively rare, 
although fatalities at several sites in the east and mid-west have been relatively numerous 
(Kunz et al. 2007b). An additional complication with bats is the difficulty of determining the 
number of bats that are exposed to collisions with wind turbines. Second, as pointed out in this 
chapter, the construction of a wind facility is not a random occurrence and potential wind facility 
sites are relatively unique, making selection of reference areas difficult. In spite of these 
difficulties, bird and bat mortality and habitat impacts for all wildlife are a significant concern and 
wind energy is a potential clean source of electricity, making study of these issues essential. 
 
Because impact indicators normally are estimates of relatively rare events, analysis of impacts 
must rely on an accumulation of information and rigorous study designs. A determination of 
impact seldom will be based on clear-cut statistical tests, but usually will be based on the weight 
of evidence developed from the study of numerous impact indicators, over numerous years, at 
numerous wind facilities. The selection of the appropriate protocol must be site- and species-
specific. Protocol selection will be influenced by the status of the wind energy project (existing or 
proposed), the area of interest, the issues and species of concern, cooperation of landowners, 
and so on. Decisions about methods, designs, and sample sizes will always be influenced by 
budget considerations. 
 
The following is a summary of important considerations when designing observational studies: 
 

1. Clearly define the objectives of the study including the questions to be answered, as well 
as the area, the species, and the time period of interest. 
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2. Clearly define the area of inference, the experimental unit (and sample size), and the 
sampling unit (and subsample size). 

3. Clearly define the parameters to measure, select impact indicators which are relatively 
uncorrelated to each other, measure as many relevant covariates as possible, and 
identify obvious biases. Impact indicators should allow for the determination of impact 
following generally accepted scientific principles and as defined by the standards agreed 
to by stakeholders. 

4. The BACI design using multiple treatment and control sites is the most reliable design 
for sustaining confidence in scientific conclusions based on observational studies. Data 
should be collected for two or more time periods before and again two or more time 
periods after construction of the wind facility on both the assessment area (wind facility) 
and multiple reference areas. Consider matching pairs of sampling units (data collection 
sites) within each study area based on matching criteria which are relatively permanent 
features (e.g. topography, geology). If the BACI design cannot be implemented, then 
other appropriate designs should be used. 

5. Use a probability sampling plan, stratify on relatively permanent features, such as 
topography, and only for short-term studies; use a systematic sampling plan for long-
term studies, spread sampling effort throughout area and time periods of interest, and 
maximize sample size.  

6. Develop detailed standard operating procedures (SOPs) prior to the initiation of fieldwork 
and select methods that minimize bias. 

7. Make maximum use of existing data and consider some preliminary data collection 
where little information exists. 

8. When pre-construction data are unavailable then combine data collection on multiple 
reference areas with other study designs such as the gradient-response design. 

9. Maximize sample size within budgetary constraints. 

10. Univariate analysis is preferred, especially when determining impacts by a weight of 
evidence approach. 

11. Study plans should be peer-reviewed. 

 
Each wind energy project will be unique, and decisions regarding the study design, sampling 
plan, and parameters to measure will require considerable expertise. There is no single 
combination of study components appropriate for all situations. However, at the risk of 
oversimplification, Table 1 contains a simple decision matrix to assist in the design of wind 
energy/wildlife interaction studies. 
 
Studies should detect major sources of impact on species of interest and assist in the design of 
wind energy projects to reduce impacts on wildlife. When there is uncertainty on wildlife risk 
studies should also identify sites where there is a low probability of risk to these species. More 
often than not, the product of these studies will be to focus future research on areas where 
significant biological impacts appear likely, or to identify that no further research is needed. 
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Table 1. Recommended decision matrix for the design and conduct of observational 
studies. 

 

(a) Design Options    

Study Conditions 
Recommended 
Design Potential Design Modification 

Pre-impact Data 
Possible 
Reference Area 
Indicated 

BACI Matching of study 
sites on assessment 
and reference areas 
possible 

Matched Pair Design 
With BACI 

Pre-impact Data Not 
Possible 
Reference Area 
Indicated 

Impact-Reference Matching of study 
sites on assessment 
and reference areas 
possible 

Matched Pair Design 
With Impact-Reference 

Pre-impact Data 
Possible 
Reference Area Not 
Indicated 

Before-After   

Small Homogenous 
Area of Potential 
Impact 

Impact-Gradient1   

(b) Sampling Plan Options  
 

Sampling Plan Recommended Use 
Haphazard/Judgment Sampling Preliminary Reconnaissance 
Probability-Based Sampling  
Simple Random Sampling Homogenous area with respect to impact indicators and 

covariates 
Stratified Random Sampling Strata well defined and relatively permanent, and study of 

short duration 
Systematic Sampling Heterogeneous area with respect to impact indicators and 

covariates, and study of long duration 
(c) Parameters To Measure  
Parameter Empirical Description 

Abundance/Relative Use Use per unit area or per unit time as an index2 
Mortality Carcasses per unit area or per unit time 
Reproduction  Young per breeding pair of adults 
Habitat Use Use as a function of availability 
Covariates Vegetation, topography, structure, distance, species, 

weather, season, etc. 
1Impact-Gradient design can be used in conjunction with BACI, Impact Reference, and Before-After 

designs. 
2Can be summarized by activity/behavior for evaluation of risk. 
 
 
EXPERIMENTS 
 
In the case of wind energy, manipulative experiments (also known as “comparative 
experiments” [Cox 1958; Kempthorne 1966] and “randomized experiments” [NRC 1985]) usually 
will be conducted to evaluate risk reduction management options for existing and new wind 
facilities. For example, turbine characteristics such as support structure type, rotor swept area, 
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and turbine color have been suggested as factors affecting bird risk in wind facilities (NRC 
2007). Observational studies, such as Anderson et al. (1996) can be used to evaluate some of 
these risk factors. However, manipulative experiments could significantly improve the 
understanding of how these factors relate to the risk of bird and bat collisions with turbines. 
Manipulative experiments help determine treatment effects by allowing control of such factors 
as natural environmental variation, which tend to confound observational studies.  
 
The main goal of this discussion is to develop a framework for more complex studies that can 
be generalized to most wildlife species for evaluation of potential wind facility impacts. This is 
accomplished by: 
 

• Developing a conceptual framework based on the major factors that can influence the 
persistence of a wild population.  

• Briefly reviewing the basic approach to manipulative experiments as well as the various 
models that can aid in estimating population status and trend, including methods of 
evaluating model structure and performance.  

• Reviewing survivorship and population projections. 

• Developing a framework for determining the cumulative effects of wind energy 
development on wildlife. 

 
This chapter does not argue against rigorous design-based (field) studies. Rather, it describes 
how an alternative, model-based approach can assist with evaluation of wind energy/wildlife 
interaction issues. Before proceeding to a detailed discussion of population effects and 
modeling, a brief discussion of manipulative experiments is offered. 
 
Manipulative Experiments 
 
Manipulative experiments may be useful in wind energy/wildlife interaction studies. They satisfy 
two criteria:  
 

1. Two or more “treatments” (one of which usually is a control, or reference treatment) are 
to be compared for study of cause-and-effect relationships on impact indicators. 

2. Treatments are randomly assigned to experimental units (Hurlbert 1984). 

 
If treatments are not randomly assigned to experimental units, the experimental design 
becomes observational, and the information gained on cause-and-effect relationships is much 
reduced (Cox 1958; Kempthorne 1966; Morrison et al. 2008; Manly 2009). Designs for studying 
impacts of a wind facility can never be truly manipulative, because the area/population to be 
impacted by the facility and the reference areas/populations are not randomly selected by the 
researcher. 
 
In manipulative experiments the statistical inference is still the protocol by which the study is 
conducted, the criteria by which study sites are selected, the source of the treatment materials, 
and the amount of replication in time and space. For example, if two wind facilities are selected 
for the study of some treatment and the treatment and references are randomly assigned within 
the two facilities, there exist two independent studies. Statistical inference is limited to the effect 
of the selected treatment as applied in the study on the wind facility where it is applied for the 
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time period of application. The results of the two independent studies can be used in the 
subjective assessment of the potential effect of the treatment on other wind facilities.  
 
Any design used in laboratory experiments or manipulative field experiments are of use in 
studies of wind energy/wildlife interactions, and a complete discussion of these options is 
beyond the scope of this document. For details on study design see references such as Cox 
(1958), Box et al. (1978), Green (1979), Hurlbert (1984), Morrison et al. (2008), and Manly 
(2009). All of the design principles and the basic sampling designs contained in the discussion 
of observational studies are appropriate for manipulative experiments. However, it is worth 
repeating Krebs (1989) that “every manipulative ecological field experiment must have a 
contemporaneous control..., randomize where possible..., and, because of the need for 
replication, utilize at least two controls and two experimental areas or units.” 
 
The following example illustrates the use of common design principles in the evaluation of a 
hypothetical risk reduction treatment included in the design of a newly constructed wind facility. 
This is just one example from among an almost infinite number of potential designs. Suppose a 
new wind facility is constructed consisting of 120 turbines distributed in 12 turbine strings, each 
with 10 turbines. Also suppose a two-year study is conducted to evaluate a treatment applied to 
some of the turbines hypothesized to reduce the risk of bird collisions with turbines. Finally, 
assume that risk is measured by the relative amount of bird use and bird carcasses located 
within study plots centered on treated and untreated turbines. 
 
In year one of the study, avian use and mortality are measured on plots containing turbines 
without treatment; in year two, use and mortality are measured on plots containing turbines both 
with and without the selected treatment. All twelve turbine strings are surveyed for avian use, 
behavior, and mortality, so a census in space within the wind facility is achieved. It is assumed 
that if a bird comes into the defined critical zone surrounding the turbines (some distance from 
turbines), then the bird is potentially at risk of injury. If the bird does not enter the critical zone, it 
is assumed that the bird is not at risk of injury. Risk is thus defined as use within a certain 
distance of a turbine. Fatalities are measured and an estimate is made of mortality per unit of 
use. Risk also may be defined as a change in mortality per unit of use.  
 
There are two basic paradigms regarding the analysis of these data. One paradigm is that the 
sampling design is a matched pairs design (randomized block with two treatment levels). The 
second paradigm is that this is a manipulative study embedded in a large observational study 
using a BACI design. In the first paradigm, the effectiveness of the treatment is evaluated by 
testing the interaction between year and treatment. A two-factor repeated measures analysis of 
variance is conducted using the mortality rate (number of carcasses per search divided by bird 
use per visit per observation point) as the dependent variable. Figure 5 illustrates the mean 
mortality per unit of bird use near turbines by year and treatment. There appears to be an 
interaction between year and treatment; the mean is relatively stable for the non-treated 
turbines, whereas the mean for the treated turbines decreases in year 2. Given that a statistical 
test for interaction corroborates our interpretation of the graph, statistical tests of treatment 
effects should be conducted within each year. Bird fatality near treated turbines is significantly 
less than near the non-treated turbines in year 2, indicating that the treatment does appear to 
reduce the risk to birds. 
 
The second paradigm recognizes that the turbines (and turbine strings) are not random effects 
because the wind facility, turbine strings, and turbines are not randomly located. According to 
this paradigm, this is a pseudo-experiment with an unreplicated observational study over time 
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and space. The analysis would follow statistical analyses for BACI designs (Skalski and Robson 
1992). 
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Figure 5. Interaction between the number of fatalities per bird passes within 50 

meters of treated and untreated turbines. 
 
 
In the above example, the design could be modified by applying the treatment and reference in 
year one to the selected subset of turbines and switching the treatment and reference turbines 
the second year. While this design slightly strengthens the study, it would be practical only if the 
risk reduction treatment were relatively easy and inexpensive to apply.  
 
Manipulative studies can be very complex. However, because of the cost of treating wind 
turbines, most studies will by necessity be limited to simple designs evaluating a small number 
of treatments. Manipulative studies will be most valuable initially in evaluating treatments on 
individual wind facilities. As data accumulate, subjective inference on a more global scale will be 
possible. However, care must be taken to avoid extrapolating the effectiveness of a treatment at 
one or a few wind facilities to all wind facilities. 
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RECOMMENDATIONS FOR STUDY DESIGN 
 
Below is a summary of the primary points discussed in this appendix: 
 

1. Manipulative studies can be an effective means of determining the response of wildlife 
to treatments or experiments designed to test behavior, such as procedures designed to 
identify methods for reducing the risk of animal deaths. 

2. Developing a sound modeling framework may help identify the critical aspects of the 
population that should be studied, even if a formal model is not calculated. 

3. In many situations, quantification of survivorship is an essential step in determining 
the status of the population of interest. Data on survival published in the literature is 
adequate to allow broad generalizations to be made regarding “adequate” survival for 
population maintenance. 

4. Determining the spatial structure of a population – whether it is divided into 
subpopulations – is important in that it places the status of various life history 
parameters into context. 

5. Quantifying reproductive output and breeding density, when combined with 
knowledge of the population’s spatial structure, provides a good idea of the status of the 
population. This will be especially important when adult survivorship cannot easily be 
determined. 

6. Habitat loss is usually a factor causing the decline of a species. Quantification of 
habitat use, including factors such as food abundance, can be an important part of 
evaluation of a population’s status. 

7. Compensatory mortality should not be assumed to be operating with regard to wind 
facility-related mortalities. 

8. It is likely that Leslie matrix models will be most useful when predicting the response of 
locally abundant subpopulations. Here, enough individuals are present for a population 
trend to be estimated. 

9. Determination of the effective population size (Ne) likely will be useful in evaluating the 
status of rare subpopulations. A rapid determination of the likely lower critical threshold 
for the subpopulation is necessary. 

 
Measuring Risk 
 
Potential Observational Data  
There are a limited number of parameters that can be measured during observational studies. 
These studies normally will not use marked animals and the observational methods will not 
allow estimation of absolute abundance. However, observational data can be used to estimate 
use, which can be considered an index to abundance, where the parameter measured is an 
observation of an individual animal over some specific time period. Individual behaviors also can 
be quantified. Observations of use can be classified according to activity, and thus used to 
estimate the amount of time a particular species spends perching, soaring, flapping, and 
performing other activities. If these activities can be related to risk, they can be used to test 
hypotheses regarding the impact of wind facilities on animals. For example, it may be assumed 
that the more time a species spends flying at heights encompassed by the rotor swept area of 
turbines, the more risk the species faces in a wind facility. Measures of use should allow a 
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comparison of potential wind facility sites for differences in risk to bird species. The season of 
use can indicate the relative abundance of migrants, wintering birds, and breeding populations. 
 
Because many birds migrate at night and bats are primarily active at night, estimates of 
nocturnal use are of interest, but suitable methods are still in the developmental stage (Kunz et 
al. 2007b; Appendix A). The use of these methods in the study of wind energy development and 
its impacts on nocturnally active wildlife is summarized in detail in Kunz et al. (2007a; Appendix 
A).   
 
Remote sensing methods (e.g., radar, acoustics) for bird and bat studies related to wind energy 
development are thoroughly described by Kunz et al. (2007a) and NRC (2007). Presently these 
methods seem most useful in early screening of wind resource areas for potential conflicts with 
birds and bats similar to the study of avian use in southwestern Minnesota described by Hawrot 
and Hanowski (1997), in evaluation of a site selected for potential development similar to the 
study of the Mount Storm site in West Virginia described by Mabee et al. (2006), and in 
research on the mechanisms of impact such as the study of bat interactions with a wind turbine 
described by Horn et al. (2008).  
 
Mortality is the primary indicator of negative impact to individual animals from a wind facility. 
Mortality can be calculated from an estimate of fatalities. To use carcasses in assessing a wind 
facility as a cause of fatalities, all carcasses located within areas surveyed (regardless of 
species), should be recorded and a cause of death determined, if possible (the USFWS may 
assign a cause of death for legal purposes). Not all carcasses will be whole animals. The 
condition of each carcass found should be recorded using condition categories such as:  
 

• Intact - carcass that is completely intact, is not badly decomposed, and shows no sign of 
being fed upon by a predator or scavenger. 

• Scavenged - entire carcass that shows signs of being fed upon by a predator or 
scavenger or a portion(s) of a carcass in one location (e.g., wings, skeletal remains, 
legs, pieces of skin, etc.). 

• Feather spot or feather tract - 10 or more feathers at one location indicating predation or 
scavenging. 

 
The estimated time of death, season of death, and species can be important in interpreting 
fatalities. There is always the possibility that death was not caused by striking the turbine, so 
care should be taken in assigning a cause of death (e.g., shooting, poisoning). In certain 
situations a blind necropsy may be indicated. 
 
In addition to carcasses, observers may discover live birds or bats that cannot fly, or have other 
physical abnormalities due to collisions with turbines or other injuries. These animals should be 
captured and examined to determine the cause of injuries. For injured birds or bats that cannot 
be captured, the species, location, and physical abnormalities observed should be described in 
the data. Injured animals should be treated in accordance with the appropriate laws and 
regulations. 
 
Impacts of wind facilities on reproduction can be measured. In Level I studies the most common 
measure of reproductive performance will be through nest surveys. For example, the number 
and distribution of active nests within an area potentially impacted by the placement of wind 
turbines over time represents an index to the status of the breeding population of raptors. The 
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area influenced by wind turbines will extend varying distances depending on the size of the area 
utilized by individuals of the species of interest. Passerines may range only a few hundred 
meters while raptors can range 20 or more kilometers. For species with multiple nest structures, 
the number of breeding pairs is of more value than occupied nests when evaluating breeding 
population status. Other factors that are changing within and around the wind development, 
such as roads, housing, and recreational activities, might also impact wildlife and should also be 
considered in any analysis. 
 
Nesting surveys for smaller species such as passerines, some shore birds, and ground nesting 
birds are best accomplished on foot using ground surveys (Ralph et al. 1993). Unless the area 
is completely covered, previously described sampling protocols should be followed. For larger 
species, such as raptors, study areas should be surveyed initially when possible by air, 
preferably by helicopter, during the height of the nesting period. Aerial surveys should be 
followed immediately by ground surveys to confirm the species and status of each observed 
nest. Ground visits to occupied nests should be continued, to confirm the number of young 
fledged. Surveys should begin early enough to detect early nesters, such as eagles, and 
continue until all species of interest have begun nesting activity.  
 
Empirical data on nesting pairs should be collected for all species of interest. In addition, the 
numerous reproductive parameters should be estimated to augment empirical data. The number 
of occupied nests within the defined area can be used to estimate relative abundance of nesting 
species potentially affected by the wind turbines. The following nest and territory parameters are 
suggested:  
 

• Occupancy rate - the number of occupied territories (nests) per number of territories 
(nests) checked. 

• Breeding pair density - the number of breeding pairs per area surveyed. 

• Reproductive rate - the number of reproductive pairs per number of occupied territories. 

• Fledging success rate - the number of pairs fledging young per number of reproductive 
pairs. 

• Breeding rate - the number of young fledged per number of reproductive pairs. 

 
Statistical comparisons of these parameters, if sufficient data exist, can be made among 
assessment and reference areas before and after construction. 
 
Data on the above parameters will contain numerous biases, most of these related to the 
sampling method, data collection methods used (e.g., radar, visual, etc.), and observer and 
detection biases. Biases associated with sampling methods have been discussed previously. 
Biases associated with data collection methods may be found in numerous reference 
publications including Bibby et al. (1993), Buckland et al. (1993), Bookhout (1994), Edwards et 
al. (1981), Gauthreaux (1996), and Reynolds et al. (1980). 
 
Selection of Impact Indicators 
Impact indicators should allow for the determination of impact following generally accepted 
scientific principles. Stakeholders should believe that the criteria for determination of impact will 
be satisfied by the indicators at the end of the assessment period.  
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Of course, other indicators that are believed to provide useful information for analysis or for 
corroboration of results also should be measured. In the end, studies should be designed to: 
 

• Quantify indicators that will allow convincing arguments that impacts did or did not occur. 

• Quantify the magnitude and duration of the impact with acceptable measures of 
precision and accuracy. 

• Allow for standardized comparisons among populations and with results of other studies. 

 
In an ideal world, a study of birds or bats and wind facilities would involve a direct count of birds 
or bats using or passing through the wind facility, behaviors putting birds and bats at risk, and a 
count of fatalities caused by wind turbines and related facilities. To count birds, bats and 
behaviors one would need to identify individuals. To count fatalities one would need to detect 
carcasses before removal by scavengers and be 100 percent confident of the cause of death. 
This level of effort is not possible in most post-construction fatality studies.  
 
As an alternative, studies of wind energy/animal interactions must rely on estimation of 
parameters that allow the test of hypotheses. These parameters are often expressed as rates, 
similar to epidemiological studies. Mayer (1996) provides an excellent discussion of the use of 
epidemiological measures to estimate the effects of wind facilities and related facilities on bird 
species. He points out the importance of selecting the appropriate denominator when 
developing a rate for use in comparisons of effect. For example, a comparison of the number of 
bird fatalities per turbine among portions of a wind facility, between two turbine types, or among 
several wind facilities, is much more meaningful if an estimate of bird abundance is added to the 
denominator.  
 
There are a limited number of parameters that one can measure in an observational study. The 
more likely parameter candidates and some potential risk indices are listed here and described 
below. 
 

• Bird utilization counts 

• Bird utilization rate 

• Dead bird counts (fatality) 

• Bird mortality (fatality rate) 

• Removal rate 

• Observer bias 

• Detection bias 

 
There is little doubt that the presence of a wind facility will increase the risk of individual bird 
fatalities. This may be of great concern if the individual birds at risk have some special 
significance, as in the case of an extremely rare species. Risk of individual fatalities may be of 
interest when planning the design or location of a new wind facility, evaluating differences 
among turbine types, or when making modifications in equipment. However, the risk of 
individual fatalities may not necessarily represent a risk to a population of birds. Studies of risk 
to individuals and populations require separate study designs. Normally, observational studies 
will be designed to make direct statistical and deductive inference to risk to individuals and 
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indirectly indicate risk to populations. More advanced studies normally will be needed to 
estimate risk to populations. 
 
Metrics Definitions 
Bird utilization counts. Utilization counts are indices of relative abundance among plots, 
areas, and seasons. Utilization counts represent observations of individual birds from an 
observation point or transect conducted repeatedly over some time period to document behavior 
and relative abundance of birds using the area. The observer counts the length of time the bird 
is within the plot and estimates “bird minutes” of use. The bird utilization counts allow 
comparisons among defined time periods (e.g., seasons, migration periods, or years), and 
areas. Bird activities should include behaviors which could be related to risk of injury or mortality 
from wind facilities and might include flying, perching, soaring, hunting, foraging, height above 
ground, and behavior within 50 meters of WRA structures, etc. In situations of high bird density 
where it is impossible to keep track of all birds in a plot, use can be estimated for the 
observation period by making instantaneous counts repeatedly during the counting time period.  
 
Bird utilization rate. This term refers to the number of birds observed or the number of bird 
minutes recorded per count period and/or survey plot. Like bird utilization counts, bird utilization 
rate may be used for comparisons among plots, areas, and seasons. One formula for utilization 
rate is: 
 

# birds observed = Bird Utilization Rate time or time and area 
 
Utilization rates within specified distances of wind facility structures (e.g. large and small 
turbines, different tower types, etc.), subdivided on the basis of relevant environmental 
covariates (e.g. topographic features, vegetation edge, nesting structures, etc.) can be derived 
from the bird utilization counts. Rates can be developed for species, taxonomic groups, all birds 
observed, natural communities, seasons, distance from nearest turbine, turbine type, and other 
variables. Rates can be calculated for specific behaviors and risk can be evaluated in terms of 
the number of birds observed exhibiting behaviors that place them at greater risk. For example, 
birds flying at heights within the range of the rotor swept area are likely at greater risk than 
those consistently flying at heights above and below the rotor swept area. Evaluation of risk 
based on behavioral data can be used in a variety of studies of wind energy including relative 
comparisons of areas, turbines, and species. The choice of a utilization rate is critical; see 
discussion below. 
 
Dead bird count. Searches are conducted in a defined area with complete coverage to detect 
bird fatalities. The number of dead birds found (fatalities) at each search site (e.g., a 50-meter 
diameter circle centered on the bird utilization count site) is documented. Information is 
collected which will aid in analysis later in the study. This may include bird species, sex, age, 
estimated time since death, cause of death, type of injury, distance and direction to nearest 
turbine, and distance and direction to nearest structure. 
 
Bird mortality. The number of dead birds documented per search site may be termed “bird 
mortality.” This is the rate of fatalities. Examples of indices for bird mortality are: 
 

# dead birds , # dead birds , and # dead birds 
turbine name plate MW unit rotor swept area 
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Removal rate. This is the rate at which bird carcasses are removed by scavengers or by other 
means (e.g., human removal), resulting in their loss to detection by the dead bird search. 
Information about removal rates is necessary when estimating the total number of dead birds in 
a given area. The results are used to adjust the number of dead birds detected. This rate may 
be determined by placing a known number of bird carcasses at randomly chosen locations and 
monitoring them for removal. Removal rates can be calculated as a rate or rate/area. This 
allows for comparison of removal levels between different locations or subareas within the 
WRA. If not detected, significant removal rate differences would result in misleading bird risk 
rates. If removal rates in different areas within the same WRA or between WRAs are equal, they 
will have no effect when computing and comparing mortality rates, bird risk rates, and 
attributable risk rates. 
 
Observer bias. Observer bias is a quantification of the observer’s ability to find dead birds or 
detect live birds. One study might quantify the observer’s ability to find dead birds when a 
known number of birds are placed in the search area. Another study might compare the field 
crew’s live bird observations in order to determine inter-observer differences. 
 
Detection bias. Detection bias is a measure of the differences in detection probability due to 
topography and vegetative structure. Detection bias may be determined through a designed 
study which includes placing a known number of dead birds in a variety of locations with 
differing topography and vegetative structure. The detection success can be quantified and the 
probability of detection determined. 
 
Defining Utilization 
If risk is defined as the ratio of dead or injured birds to some measure of utilization, then the 
choice of the use factor, or denominator, is more important than the numerator (number of dead 
or injured birds). In fact, the treatment effect is usually small relative to the variability that would 
arise from allowing alternative measures of risk. The choice arises from the preliminary 
understanding of the process of injury or death. For example, should the denominator be bird 
abundance, bird flight time in the facility, bird passes through the rotor plane, or some other 
measure of use? Unless these measures are highly correlated with death – which may be 
unlikely – then the measure selected will result in quite different measures of mortality. Further, 
the choice of denominator should express the mechanism causing the injury or mortality. If it 
does not, then it cannot be used to measure accurately the effectiveness of a risk reduction 
treatment. There is, however, much uncertainty in the mechanism(s) leading to bird fatalities in 
wind facilities. 
 
Choice of utilization factor. Suppose that bird use or abundance is selected as the 
denominator, with bird deaths as the numerator, and painted blades as the treatment. A 
treatment-reference study determines that death decreases from 10 to 7 following the treatment, 
but use also decreases from 100 to 70 (arbitrary units). It thus appears that the treatment had 
no effect because both ratios are 0.1 (10/100 and 7/70). There are numerous reasons why bird 
use of a wind facility could change (up or down) that are independent of the blade treatment; for 
example, changes in prey availability, deaths on wintering grounds, environmental 
contaminants, change of land use, and so on. Thus, unless it can be established that there is a 
direct link between the number of birds using the area and flights near a turbine, this study may 
be seriously flawed. Recording bird flights through the rotor plane of painted blades would have 
yielded a more correct measure of effect. In addition, the use of selected covariates can help 
focus the analysis on the treatment effects. Naturally, the hypothetical study noted above should 
be adequately replicated if implemented.  
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Surrogate utilization variables. Utilization is an indicator of the level of at-risk behavior. Thus, 
adopting a measure of utilization requires the assumption that the higher the utilization, the 
higher the fatalities. It is, of course, prohibitive from a practical standpoint to record every 
passage of a bird through a zone of risk (be it a rotor plane or the overall wind facility). Further, 
it is usually prohibitive to census the population accurately and tally all deaths. Researchers 
must usually rely on surrogate variables to use as indices of population size and death. A 
surrogate variable is one that replaces the outcome variable without significant loss in the 
validity or power of the study. For example, researchers might use the number of birds observed 
during 10-minute point counts (i.e., the number of birds counted during a 10-minute observation 
period) as a measure of utilization (for either a treatment or reference case).  
 
Once a measure of mortality is chosen, a measure of effect must be selected. This measure 
could be the risk ratio, defined as the ratio of mortality in one area (e.g., wind facility) to that in 
another area (e.g., reference). Thus, if mortality in the wind facility is 0.01 and that in the 
reference area is 0.001, the risk ratio is 10; the relative (potential) risk of death is 10 times 
greater for a randomly chosen bird in the site versus one in the reference area. Ideally, such a 
study should be adequately replicated, because references are not perfect matches to their 
associated treated sites. An alternative is to use one of the measures of attributable risk, 
described above. These measures have the advantage of combining relative risk with the 
likelihood that a given individual is exposed to the external factor. This results in the proportional 
change in the risk of injury or death attributable to the external factor. Whereas the risk ratio 
ignores the absolute size of the risk, the use of attributable risk implies that the importance of 
the risk is going to be weighed by the absolute size of the risk. 
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APPENDIX H 
EXAMPLE LANGUAGE TO BE INCLUDED IN REAL PROPERTY CONVEYANCES 

Real property deeds, transfers, and conservation easements take a variety of forms. To provide 
uniformity and consistency when implementing the MWE mitigation requirements, this 
Appendix presents the legal text to be included when drafting those conveyances. Where 
indicated, there may be flexibility in terms of the language used or the content of a particular 
provision. 

Listed first are the provisions common to all conveyances, regardless of the Covered Species 
being conserved. The Appendix is roughly ordered to reflect the organization and content of a 
standard conveyance: recitations, purpose, rights, interpretation and miscellaneous provisions. 
Restrictions on uses and reserved rights appear at the end for each of the Covered Species. 

RECITALS 

These legal recitals must be included in any legal document conveying a real property 
interest over MWE mitigation/conservation lands. Due to the variations in state law, the 
type of conveyance that may be used, and preferences of the parties as to the format their 
documentation, wording of these recitations may need to change, but must be substantially 
similar in content. The parties are entitled to include other recitals that are not 
contradictory. 

This _______ [insert type of real property conveyance] made this _______ day of _______ by 
and between _______ [name], a _______ [description of entity], Grantor, with an address of 
_______, and _______ [name], a _______ [description of entity], Grantee, with its headquarters 
_______, as follows:  

WHEREAS, the Grantor, is the owner in ______ [describe ownership (e.g., fee simple)] of, or 
the current holder of a(n) [easement or lease, over, through and across, certain real property, 
hereinafter called the "Protected Property," which has ecological, scientific, educational and 
aesthetic value in its present state as a natural area which has not been subject to development or 
exploitation [or describe status with respect to development or exploitation] , which property is 
located in _______ and is more particularly described in Exhibit A, attached hereto and 
incorporated by this reference; and 

[If applicable] WHEREAS, the Grantee, is a nonprofit corporation incorporated under the laws 
of [State, Commonwealth, or District] as a tax-exempt public charity under Section 501(c)(3) 
and 509(a)(1) of the Internal Revenue Code of 1986, as amended, and the regulations 
promulgated pursuant thereto (“IRC”), qualified under section 170(h) of the IRC to receive 
qualified conservation contributions, whose purpose is to preserve natural areas for scientific, 
charitable, educational and aesthetic purposes; and 



Example Conservation Easement Template  Appendix H 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page H-2 

WHEREAS, the Protected Property is a significant natural area which qualifies as a "...relatively 
natural habitat of fish, wildlife, or plants, or similar ecosystem," as that phrase is used in P.L. 
96-541, 26 USC 170(h)(4)(A)(ii), as amended, and in regulations promulgated thereunder; 
specifically the Protected Property is habitat for the _______ [ESA listed species for which 
mitigation is required]; and 

WHEREAS, the Protected Property consists of _______ [general description of habitat]; and 

WHEREAS, the Protected Property will protect and enhance _______ [describe habitat values 
to be conserved], particularly as it relates to the [Covered Species] with regard to _______ 
[discuss species needs and behaviors (e.g., breeding, feeding, sheltering, migration, etc.].  
The Protected Property’s _______ [describe habitat values], provides [or will provide] 
suitable _______ habitat for the _______ [list of Covered Species]; and 

WHEREAS, the United States Fish and Wildlife Service (the “Service”) within the United States 
Department of the Interior, is authorized by federal law to administer the federal Endangered 
Species Act (hereinafter “ESA”), 16 U.S.C. § 1531 et seq., and other laws and regulations; 
and 

WHEREAS, the _______ [list of the applicable Covered Species] has been included as a 
Covered Species under the Midwest Energy Multi-Species Habitat Conservation Plan (“MWE”); 
and 

WHEREAS, the Administrative Implementing Entity (“AIE”) applied to the Service for a master 
incidental take permit (“Master Permit”) under the MWE and was issued a Master Permit on 
_________ [insert date] authorizing the AIE’s issuance of Certificates of Inclusion (COIs) 
authorizing take of MWE Covered Species to qualifying wind energy companies [Note: delete 
this paragraph if the MWE party is an individual Permittee]; and 

WHEREAS, ________ [insert name of the individual incidental take permit (ITP)- or 
Certificate of Inclusion (COI)-holder] applied to the ______ [insert “Service” for an ITP and 
“AIE” for a COI] for the issuance of _____ [insert an “ITP” or “COI”] under the MWE, , and 
was issued an ___ [insert “ITP” or “COI”] on _______ [insert date] [Note: delete this paragraph 
if the MWE party is the MIE]; and 

WHEREAS, _______ [insert name of the Mitigation Implementing Entity (MIE)] is in a legally 
binding contractual agreement with the AIE effective from ____ [insert date] to _____ [insert 
date] to implement MWE mitigation under contract to MWE individual ITP- and COI-holders 
[Note: delete this paragraph if the MWE party is the MIE]; and 

WHEREAS, as conditioned by the ____ [insert “ITP” or “COI”], ______ [insert the name of the 
ITP- or COI-holder] is required to mitigate for take of the MWE Covered Species, including 
_______ [insert the list of species to be conserved through this conveyance] and agreed to 
acquire and permanently preserve certain real property interests in a manner and amount 
consistent with the terms of the MWE, in order to conserve the wildlife habitat features of the 
Conservation Area in their natural condition [Note: delete this paragraph if the MWE party is the 
MIE]; and 



Example Conservation Easement Template  Appendix H 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page H-3 

WHEREAS, as conditioned by the MIE’s contract with the AIE on behalf of MWE ITP- and 
COI-holders, is required to mitigate for take of the MWE Covered Species, including _______ 
[insert the list of species to be conserved through this conveyance] and agreed to acquire and 
permanently preserve certain real property interests in a manner and amount consistent with the 
terms of the MWE, in order to conserve the wildlife habitat features of the Conservation Area in 
their natural condition; [Note: delete this paragraph if the MWE party is a ITP- or COI-holder] 
and 

WHEREAS, the specific conservation values of the Protected Property are documented in an 
Easement Documentation Report, prepared by _______ [insert name of entity preparing report] 
and signed and acknowledged by the Grantor, establishing the baseline condition of the Protected 
Property at the time of this grant and including reports, maps, photographs, and other 
documentation; and 

WHEREAS, the Grantor and Grantee have the common purpose of conserving the above- 
described conservation values of the Protected Property in perpetuity; and 

[If through a conservation easement] WHEREAS, the State [or Commonwealth] of _______ has 
authorized the creation of Conservation Easements pursuant to _______ [insert citation to state 
law] and Grantor and Grantee wish to avail themselves of the provisions of that law; 

NOW, THEREFORE, the Grantor, for and in consideration of the facts above recited and of the 
mutual covenants, terms, conditions and restrictions herein contained and as an absolute and 
unconditional gift [or consideration of $1], does hereby give, grant, bargain, sell and convey 
unto the Grantee, a _______ [insert type of conveyance] in perpetuity over the Protected 
Property of the nature and character and to the extent hereinafter set forth. 

The following provisions below should be incorporated in their entirety. Any deviation 
must be both substantially similar and approved by U.S. Fish and Wildlife Service prior to 
execution and recording. 

PURPOSE 

Purpose. It is the primary purpose of this _______ [insert type of conveyance] to assure that the 
Protected Property will be retained forever in its _______ [insert type of habitat] as suitable for 
the _______ [insert the applicable Covered Species], irrespective of the federal listing status of 
the species; and also to the extent consistent with the primary purpose, to protect any other rare 
plants, animals, or plant communities on the Protected Property, and to ensure the Protected 
Property remains permanently in a natural, scenic and _______ [describe habitat , e.g., forested, 
etc.] condition; and to prevent any use of the Protected Property that will significantly impair or 
interfere with the conservation values or interests of the Protected Property described above.  
Grantor intends that this _______ [insert type of conveyance] will confine the use of the 
Protected Property to such activities as are consistent with the purpose of this _______ [insert 
type of conveyance]. 
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U.S. FISH AND WILDLIFE SERVICE THIRD-PARTY BENEFICIARY RIGHTS 

The U.S. Fish and Wildlife Service as Third-Party Beneficiary; Enforcement and Remedies. 

X.1.  The parties hereto agree that, because of the Service’s duties and powers arising under 
the ESA and consistent with _______[insert the name of the ITP/COI-holder or the MIE] 
commitments to the MWE and ______ [insert “ITP”, “COI”, or “the MIE’s contract with the 
AIE”], the Service has a clear and substantive interest in the preservation and enforcement of 
this _______ [type of conveyance]. Therefore, the parties grant to the Service, its agents, 
successors and assigns, the rights and standing to be noticed, to enter the Property, to approve or 
disapprove requests, and to enforce this _______ [type of conveyance] as described in this 
section and according to its terms. 

X.2.  Grantor shall notify the Service in writing of the names and addresses of any party to whom 
the Protected Property, or any part thereof, is to be granted, conveyed or otherwise transferred at 
or prior to the time said transfer is consummated. 

X.3.  This _______ [type of conveyance] does not convey a general right of access to the public, 
except that the Service, its agents, contractors, and assigns, may enter onto the Protected 
Property at any time upon 24 hours notice to Grantor for the purpose of conducting inspections 
to determine compliance with the terms contained herein, for the purpose of assessing the 
_______ [insert the applicable Covered Species] population status and vegetative habitat 
suitability, in accordance with the terms of the __________ [insert “ITP”, “COI”, or “the MIE’s 
contract with the AIE”], MWE and the ESA implementing regulations at 50 C.F.R. Parts 13, 
Subparts C and D, or for the purposes of conducting [insert specific management or monitoring 
activities] in accordance with the terms of the MWE. 

X.4.  In addition to any other rights and remedies available to the Service at law or in equity, the 
Service shall have the right, but not the obligation to enforce this _______ [type of conveyance] 
and is entitled to exercise the same remedies available to Grantee, identified in paragraph 
_______ [paragraph in that lists Grantee enforcement rights]. The Service may do so upon the 
written request of Grantee or if Grantee fails to enforce the _______ [type of conveyance]. Prior 
to taking any enforcement action, the Service shall notify Grantee in writing of its intention and 
shall afford Grantee a reasonable opportunity to negotiate a remedial action and settlement with 
Grantor or commence its own enforcement action. No failure on the part of the Service to 
enforce any term, condition, or provision hereof shall discharge or invalidate such term, 
condition, or provision to affect its right or that of Grantee or Grantor to enforce the same. 

OTHER MANDATORY PROVISIONS 

Assignment. The parties hereto recognize and agree that the benefits of this _______ [type of 
conveyance] are in gross and assignable, and the Grantee hereby covenants and agrees that in the 
event it transfers or assigns _______ [property interest], it shall obtain written concurrence of the 
USFWS, and the organization receiving the interest will be a qualified organization as that term 
is defined in Section 170(h)(3) of the IRC (or any successor section) and the regulations 
promulgated thereunder, which is organized and operated primarily for one of the conservation 



Example Conservation Easement Template  Appendix H 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page H-5 

purposes specified in Section 170(h)(4)(A) of the IRC, and Grantee further covenants and agrees 
that the terms of the transfer or assignment will be such that the transferee or assignee will be 
required to continue to carry out in perpetuity the conservation purposes which the contribution 
was originally intended to advance. 

Subsequent Transfers. The Grantor agrees that the terms, conditions, restrictions and purposes of 
this grant or reference thereto will be inserted by Grantor in any subsequent deed or other legal 
instrument by which the Grantor divests any retained, reserved or reversionary interest and by 
Grantee if Grantee subsequently transfers any fee simple title or possessory interest in the 
Protected Property; and Grantor and Grantee further agree to notify Grantee or Grantor, as 
appropriate, and the Service of any pending transfer at least thirty (30) days in advance. 

Government Permits and Approvals. The conveyance of this _______ [type of conveyance] by 
the Grantor to the Grantee does not replace, abrogate, or otherwise set aside any local, state or 
federal laws, requirements or restrictions applicable to the Property or Conservation Area and 
shall not relieve Grantor of the obligation and responsibilities to obtain any and all applicable 
federal, state, and local governmental permits and approvals, if necessary, to exercise Grantor's 
retained rights and uses of the Protected Property even if consistent with the conservation 
purposes of this _______ [type of conveyance]. 

Eminent Domain. Whenever all or part of the Protected Property is taken in exercise of eminent 
domain by public, corporate, or other authority so as to abrogate the restrictions imposed by 
this _______ [type of conveyance], the Grantor and the Grantee shall join in appropriate 
actions at the time of such taking to recover the full value of the taking and all incidental 
or direct damages resulting from the taking, which proceeds shall be divided _______ [insert 
method], and _______ [discuss how proceeds will be spent].  All expenses incurred by the 
Grantor and the Grantee in such action shall be paid out of the recovered proceeds 

Interpretation. This _______ [type of conveyance] shall be interpreted and performed pursuant to 
the laws of the State of _______, the federal Endangered Species Act, and other applicable 
federal laws. 

Severability.  If any provision in this instrument is found to be ambiguous, an interpretation 
consistent with the purposes of this _______ [type of conveyance] that would render the 
provision valid shall be favored over any interpretation that would render it invalid.  If any 
provision of this _______ [type of conveyance] or the application thereof to any person or 
circumstance is found to be invalid, the remainder of the provisions of this _______ [type of 
conveyance] and the application of such provisions to persons or circumstances other than those 
as to which it is found to be invalid shall not be affected thereby. 

Successors and Assigns.  The term "Grantor" shall include the Grantor and the Grantor's 
successors and assigns and shall also mean the masculine, feminine, corporate, singular or plural 
form of the word as needed in the context of its use. The term "Grantee" shall include _______ 
and its successors and assigns. 
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Notices.  Any notices, consents, approvals or other communications required in this _______ 
[type of conveyance] shall be sent by registered or certified mail to the appropriate party or its 
successor in interest at the following address or such address as may be hereafter specified by 
notice in writing: 

Grantor:  
Grantee:  
Service:  
[Others:] 

Counterparts. The parties may execute this instrument in two or more counterparts, which shall, 
in the aggregate, be signed by both parties; each counterpart shall be deemed an original 
instrument as against any party who has signed it. In the event of any disparity between the 
counterparts produced, the recorded counterpart shall be controlling. 

Captions. The captions herein have been inserted solely for convenience of reference and are not 
a part of this _______ [type of conveyance] and shall have no effect upon construction or 
interpretation. 

Additionally, each conveyance must include provisions to address the following topics. The 
contents of these provisions must be negotiated by the parties. They may therefore differ 
considerably depending on the property, values to be conserved, and the intensity of 
management and monitoring required. There is no prescribed template for the following 
provisions: 

Monitoring and Management;  
Endowment [if applicable];  
Cost and Liabilities; 
Taxes;  
Title;  
Standing; 
Extinguishment;  
Merger; 
Parties subject to the conveyance; and, 
Grantee Rights of Entry and Enforcement [which must include, at a minimum, the right 
to: 1) prevent any activity on or use of the Protected Property that is inconsistent with 
the purpose of the conveyance and to require the restoration of such areas or features of 
the Protected Property that may be damaged by any inconsistent activity or use; 2) bring 
an action at law or equity in a court of competent jurisdiction to enforce the terms of the 
conveyance; 3) to require the restoration of the Protected Property to its previous 
condition; 4) to enjoin such non-compliance by ex parte temporary or permanent 
injunction in a court of competent jurisdiction; and/or, 5) to recover any damages 
arising from such noncompliance.] 
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Also, each conveyance must include the following text regarding force majeure, or where 
applicable for a particular species, a modified version of the italicized portion that 
explicitly incorporates the contingencies for adaptive management and changed 
circumstances, as specifically identified in Chapters 7 and 8 of the MWE, respectively: 

X.  Neither absence of ______ [insert list of the applicable Covered Species] from the 
Conservation Area nor a loss of or significant injury to conservation values for the 
_______ [insert list of the applicable Covered Species] due to circumstances including, 
but without limitation, fire, flood, storm, disease, or seismic events, shall be construed 
to render the purpose of this Conservation Easement impossible to accomplish and 
shall not terminate or extinguish this Conservation Easement in whole or in part. In the 
case of loss of or significant injury to any of the conservation values for the [insert list 
of the applicable Covered Species] due to fire, flood, storm, disease, seismic events or 
similar circumstances, the Grantor or Grantee may, but shall not be required to, seek to 
undertake measures in consultation with the Service to restore such conservation 
values. 
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INDIANA BAT, NORTHERN LONG-EARED BAT, AND LITTLE BROWN BAT 
(SUMMER/SWARMING HABITAT) USE RESTRICTIONS AND RESERVED RIGHTS 

RESTRICTIONS 

General Description Legal Description to be included in Conveyance 

No Industrial Use No industrial activities, including but not limited to the construction or 
placement of buildings or parking areas, shall occur on the Protected 
Property 

No Residential Use No residential structures or appurtenances, including but not limited to 
the construction or placement of homes, mobile homes or storage sheds, 
shall be constructed on the Protected Property. 

No Commercial Use No commercial activities shall occur on the Protected Property, 
except for the low impact recreational uses explicitly identified under 
Reserved Rights. 

No Agricultural Use No new agricultural activities that were not previously documented as 
part of the baseline conditions shall occur on the Protected Property, 
including the use of the Protected Property for cropland, waste lagoons, 
detention or collection ponds, or pastureland. 

No Vegetative Clearing No forestry or timbering activities shall occur on the Protected 
Property, except that 1) Grantee maintains the right to conduct 
silvicultural modifications with the intent to improve covered bat species 
habitat within the Protected Property through reforestation, afforestation 
or silvicultural management to improve the health of the ______ [insert 
list of applicable covered bat species] habitat; and 2) limited 
vegetative clearing may occur as described under Reserved Rights only. 

Development Rights 
Extinguished 

No development rights which have been encumbered or extinguished by 
this Conservation Easement shall be transferred pursuant to a transferable 
development rights scheme or cluster development arrangement or 
otherwise. 

No Subdivision The Protected Property may not be divided or subdivided. Further, the 
Protected Property may not be divided, partitioned, or nor conveyed 
except in its current configuration as an entity. 

No Utilities (except for 
existing encumbrances)

1 
No new utilities, including pipes, pipelines, transmission lines, whether 
aboveground or underground, shall be constructed or installed on the 
Protected Property. 

                                                           
1 Through Chapters 5 and 9 of the MWE, the Service will reserve the right to review mitigation proposals prior to approval. 
These provisions will require the project proponent to identify existing encumbrances. Specifically, this will allow the USFWS, 
individual Permittees, the AIE, and the MIE to determine whether existing rights-of-way or other encumbrances (e.g., mineral 
estates) interfere with the conservation value of the proposal. Assuming they do not, it will be the responsibility of the third 
parties exercising their rights under these pre-existing interests to independently ensure compliance with applicable local, state 
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No Construction There shall be no building, facility, mobile home, or other structure, 
temporary or permanent, constructed or placed on the Protected Property, 
except as deemed necessary to construct artificial roosting habitat for 
______ [insert list of applicable covered bat species]. 

No Littering or Dumping No dumping of soil, trash, ashes, sawdust, garbage, waste, abandoned 
vehicles, appliances or machinery, dredge spoil, or other material shall 
occur on the Protected Property. 

No Burning of Waste No burning of trash or waste shall occur on the Protected Property. 

No Disposal of Hazardous 
Waste 

No dumping, disposal, or storage of hazardous materials shall occur on 
the Protected Property, including but not limited to used motor oil, 
household chemicals, insecticides, herbicides, or similar chemicals, or of 
containers of such materials, except to the extent such materials or 
containers are used for the purposes of managing the conservation 
values of the Protected Property and are securely stored and/or 
maintained. 

  

                                                                                                                                                                                           
and federal laws and permits, including the ESA. Such uses, however, would not be covered activities under the MWE, and 
individual Permittees, the AIE, and the MIE would therefore not be responsible for the actions of third-parties. 
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No Grading, Mineral Use, 
Excavation, Dredging 

No grading, excavation, dredging, mining, or drilling and no removal of 
topsoil, sand, gravel, rock, peat, minerals, or other material shall occur on 
the Protected Property except to the extent that such activities are 
consistent with other Reserved Rights. 

Placement of Spoils No filling or placement of dredged spoil, topsoil, or other materials shall 
occur in or near [specify waterbody, if any] or on Protected Property shall 
occur, except as necessary for stream bank restoration or protection 
measures approved by the USFWS through its ITP or Master Permit, and 
which is consistent with local, state and federal law. 

Limited Signage No signs shall be permitted on the Protected Property except interpretive 
signs describing restoration activities and the Conservation Values of the 
Conservation Area; signs along hiking, biking or cross-country skiing 
trails [if uses are reserved]; signs identifying the owner of the Protected 
Property and the holder of this Conservation Easement; any signage 
required by applicable federal, state or local laws; and signs giving 
directions or prescribing rules and regulations for the use of the Protected 
Property. 

No Fencing No fences shall be erected on the Protected Property, except to exclude 
livestock from certain areas, to the extent that such an agricultural use was 
in existence at the time the baseline was determined, or is necessary as a 
habitat management tool elsewhere on the Protected Property. 

Pesticide, Herbicide 
Prohibitions 

No rodenticides or other small mammal control measures that may 
adversely affect the purpose of this Conservation Easement shall be 
used or undertaken on the Protected Property. No pesticides or fertilizers 
will be used on the Protected Property, except in those instances when the 
conservation values of the Protected Property are threatened to the extent 
that the conservation values may be extirpated or lost without aggressive 
management and stewardship activities being implemented.  The 
Grantee, on consultation with the Grantor, and with the written 
concurrence of the Service, may use pesticides when conservation values 
may be so affected. 

Prohibitions on mechanized 
vehicles/ equipment 

No off-road, all-terrain or similar vehicles are permitted to operate on the 
Protected Property, except for emergency vehicles or where necessary to 
effectuate the terms of this Conservation Easement. Use of mechanized 
vehicles shall only be allowed for the construction and maintenance of 
artificial roosts for ______ [insert list of applicable covered bat species], 
planting vegetation, moving rocks, soil, and trail maintenance. 
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RESERVED RIGHTS 

Recreational Use No recreational activities shall occur in the Conservation Area, except 
for low-impact recreational activities, including but not limited to, 
hunting/fishing, walking, jogging, biking, cross-country skiing, 
snowshoeing, wildlife observation, photography, horseback riding, and use 
of interpretive trails, so long as these activities: 

 1) are consistent with the Purpose of this _______ [type of conveyance]; 
and, 

 2) do not result in the destruction of, or harm the viability of, trees or other 
vegetation in the Protected Property, except that the limited clearing or 
cutting of vegetation is permissible in accordance with the limitations 
below. 

 In constructing trails, the Grantor shall avoid clearing trees greater than 
five (5) inches in diameter at breast height (dbh).  To the extent that it 
is necessary to install a crossing of a wet seep or stream deemed to be in 
need of protection by the Grantee, such wet seep or stream will be 
protected by using appropriate structures, such as boardwalks, as 
approved by the Grantee, and installed at the expense of the Grantor. 

Educational Use The Grantor reserves the right to conduct educational activities within 
the Protected Property, such as site visits, studies and observations. Any 
educational activities involving attempts to capture ______ [insert list of 
applicable covered bat species] or activities that could otherwise result in 
the take of ______ [insert list of applicable covered bat species], as that 
term is defined by the ESA, may be undertaken only in accordance with 
applicable federal and state laws. 

Vegetative Management No cutting, removing, mowing, destroying, harming, harvesting, 
pruning, planting or relocating of trees, shrubs, or other vegetation shall 
occur in the Protected Property except that the removal of vegetation is 
authorized in connection with: 

 1) The construction and maintenance of trails for low impact recreational 
activities as identified as a Reserved Right, provided that such trails 
shall be no more than eight (8) feet wide and shall be vegetated or 
covered with grasses and/or gravel.  All vegetative clearing in connection 
with trail construction shall occur between November 15 and March 31. 
No trees that are greater than five (5) inches dbh shall be removed in the 
course of developing such trails; 
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 2) The removal of any trees that present a safety hazard.  If removal of 
any potential roost trees is required between April 1 and November 14, 
Grantor, with the guidance of a Service or appropriate state wildlife 
agency or other qualified biologist must determine whether the tree is 
being used as a roost tree by ______ [insert list of applicable covered bat 
species] and must contact the Service to coordinate prior to tree removal.  
If Grantor has a reasonable, objective basis to believe that a tree that 
provides ______ [insert list of applicable covered bat species]roosts poses 
an Imminent Hazard (i.e., must be cut down immediately in order to avoid 
significant injury that will be realized prior to completing consultation 
with a qualified biologist, the Service or State wildlife agency according 
to the above terms), Grantor may cut such tree, provided that the Grantor 
shall allow a qualified biologist to examine any such tree immediately 
after the tree is cut down and before it is removed from the area to 
determine whether the tree is occupied by the ______ [insert list of 
applicable covered bat species]or to allow the Service or state wildlife 
agency to determine how to handle any ______ [insert list of applicable 
covered bat species] occupying or displaced from the tree; or 

 3) Restoration or management of the Protected Area as identified in a 
Service-approved management plan that is consistent with the MWE and 
take authorization. 

Restoration and 
Maintenance Of 
Conservation Values 

Any restoration and maintenance activities must be deemed suitable and 
necessary by the Grantee and the Service to maintain or improve the 
conservation values of the Protected Property, and shall not diminish the 
mitigation ratios, quality or quantity specified in the MWE and take 
authorizations.  Any restoration activities to be conducted by the Grantor 
must be proposed in writing to the Grantee, or by Grantee as part of a 
Service-approved management plan, consistent with the MWE and take 
authorizations. 

 



Example Conservation Easement Template  Appendix H 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page H-13 

INDIANA BAT, NORTHERN LONG-EARED BAT, AND LITTLE BROWN BAT 
(HIBERNACULA)  

USE RESTRICTIONS AND RESERVED RIGHTS 

RESTRICTIONS 
General Description Legal Description to be included in Conveyance 

No Industrial Use No industrial activities, including but not limited to the construction or 
placement of buildings or parking areas, shall occur on the Protected 
Property 

No Residential Use No residential structures or appurtenances, including but not limited to the 
construction or placement of homes, mobile homes or storage sheds, shall 
be constructed on the Protected Property. 

No Commercial Use  No commercial activities shall occur on the Protected Property except for 
the recreational uses explicitly identified under Reserved Rights. 

No Agricultural Use  No agricultural activities shall occur on the Protected Property, including 
the use of the Protected Property for cropland, waste lagoons, detention or 
collection ponds, or pastureland. 

No Vegetative Clearing  No forestry or timbering activities shall occur on the Protected Property, 
except that 1) Grantee maintains the right to conduct silvicultural 
modifications with the intent to improve listed species habitat within the 
Protected Property through reforestation, afforestation or silvicultural 
management to improve the health of the ______ [insert list of applicable 
covered bat species]habitat; and 2) limited vegetative clearing may occur 
as described for reserved uses only. 

Development Rights 
Extinguished 

No development rights which have been encumbered or extinguished by 
this Conservation Easement shall be transferred pursuant to a transferable 
development rights scheme or cluster development arrangement or 
otherwise. 

No Subdivision  The Protected Property may not be divided or subdivided. Further, the 
Protected Property may not be divided, partitioned, or nor conveyed except 
in its current configuration as an entity. 

No Utilities (except for 
existing encumbrances)2  

No new utilities, including pipes, pipelines, transmission lines, whether 
aboveground or underground, shall be constructed or installed on the 
Protected Property. 

 

                                                           
2 Through Chapters 5 and 9 of the MWE, the Service will reserve the right to review mitigation proposals prior to approval. 
These provisions will require the project proponent to identify existing encumbrances. Specifically, this will allow the USFWS, 
individual Permittees, the AIE, and the MIE to determine whether existing rights-of-way or other encumbrances (e.g., mineral 
estates) interfere with the conservation value of the proposal. Assuming they do not, it will be the responsibility of the third 
parties exercising their rights under these pre-existing interests to independently ensure compliance with applicable local, state 
and federal laws and permits, including the ESA. Such uses, however, would not be covered activities under the MWE, and 
individual Permittees, the AIE, and the MIE would therefore not be responsible for the actions of third-parties. 
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No Construction There shall be no building, facility, mobile home, or other structure, 
temporary or permanent, constructed or placed on the Protected Property, 
except as deemed necessary to construct artificial tree roosting habitat for 
______ [insert list of applicable covered bat species]. 

No Littering or Dumping No dumping of soil, trash, ashes, sawdust, garbage, waste, abandoned 
vehicles, appliances or machinery, dredge spoil, or other material shall 
occur on the Protected Property. 

No Burning of Waste or 
Open Fires 

No burning of trash or waste, or building of open-air fires including, fires 
for cooking purposes and campfires shall occur on the Protected Property. 

No Disposal of 
Hazardous Waste 

No dumping, disposal, or storage of hazardous materials shall occur on the 
Protected Property, including but not limited to used motor oil, household 
chemicals, insecticides, herbicides, or similar chemicals, or of containers 
of such materials, except to the extent such materials or containers are used 
for the purposes of managing the conservation values of the Protected 
Property and are securely stored and/or maintained. 

No Grading, Mineral Use, 
Excavation, Dredging 

No grading, excavation, dredging, mining, or drilling and no removal of 
topsoil, sand, gravel, rock, peat, minerals, or other material shall occur on 
the Protected Property except to the extent that such activities are 
consistent with other reserved rights (e.g., managing Protected Property for 
______ [insert list of applicable covered bat species]). 

Placement of Spoils  No filling or placement of dredged spoil, topsoil, or other materials in or 
within 100 feet of hibernacula entrance and associated sinkholes, fissures, 
or other karst features on Protected Property shall occur, except as 
protection measures approved by the USFWS through its ITP or Master 
Permit, and which is consistent with local, state and federal law. A greater 
distance will be required if results of Adaptive Management under section 
10 of the MSHCP reveals that 100 feet is not sufficiently protective of 
______ [insert list of applicable covered bat species]. 

Limited Signage  No signs shall be permitted on the Protected Property except interpretive 
signs describing restoration activities and the Conservation Values of the 
Conservation Area; signs along hiking, biking or cross-country skiing 
trails for Reserved Rights; signs identifying the owner of the Protected 
Property and the holder of this Conservation Easement; any signage 
required by applicable federal, state or local laws; and signs giving 
directions or prescribing rules and regulations for the use of the Protected 
Property. 

No Fencing No fences shall be erected on the Protected Property, except to exclude 
access to hibernacula entrances if the hibernacula is not gated. 

No pets No pets will be allowed within the hibernacula on the Protected Property. 
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Prohibitions on mechanized 
vehicles/ equipment 
(tailored to species/purpose) 

No off-road, all-terrain or similar vehicles are permitted to operate on the 
Protected Property, except for emergency vehicles or where necessary to 
effectuate the terms of this Conservation Easement. Use of mechanized 
vehicles shall be allowed only for the construction and maintenance of 
artificial roosts for ______ [insert list of applicable covered bat species], 
planting vegetation, moving rocks, soil, and trail maintenance. 

RESERVED RIGHTS 

Recreational Use No recreational activities shall occur in the Conservation Area, except 
for low-impact recreational activities, including but not limited to, 
hunting/fishing, walking, jogging, biking, cross-country skiing, 
snowshoeing, wildlife observation, photography, horseback riding, and use 
of interpretive trails, so long as these activities: 

1) are consistent with the Purpose of this _______ [type of conveyance]; 
and, 

2) do not result in the destruction of, or harm the viability of, trees or other 
vegetation in the Protected Property, except that the limited clearing or 
cutting of vegetation is permissible in accordance with the limitations 
below.3) do not include the entry of protected hibernacula. In constructing 
trails, the Grantor shall avoid clearing trees greater than five (5) inches in 
diameter at breast height (dbh) and construction within 100 feet of 
hibernacula entrances and associated sinkholes, fissures, or other karst 
features. 

To the extent that it is necessary to install a crossing of a wet seep or 
stream deemed to be in need of protection by the Grantee, such wet seep 
or stream will be protected by using appropriate structures, such as 
boardwalks, as approved by the Grantee, and installed at the expense of the 
Grantor. 

Educational Use The Grantor reserves the right to conduct educational activities within 
the Protected Property, such as site visits, studies and observations. Any 
educational activities involving attempts to view and capture ______ 
[insert list of applicable covered bat species] or activities that could 
otherwise result in the take of ______ [insert applicable covered bat 
species], as that term is defined by the ESA, may be undertaken only in 
accordance with applicable federal and state laws. 

Vegetative Management No cutting, removing, mowing, destroying, harming, harvesting, 
pruning, planting or relocating of trees, shrubs, or other vegetation shall 
occur in the Protected Property except that the removal of vegetation is 
authorized in connection with: 
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 1) The construction and maintenance of trails for low impact recreational 
activities as identified as a Reserved Right, provided that such trails 
shall be no more than eight (8) feet wide and shall be vegetated or 
covered with grasses and/or gravel.  All vegetative clearing in connection 
with trail construction shall occur between November 15 and March 31. 
No trees that are greater than five (5)inches dbh shall be removed in the 
course of developing such trails; 

 2) The removal of any trees that present a safety hazard.  If removal of 
any potential roost trees is required between April 1 and November 14, 
Grantor, with the guidance of a Service or appropriate state wildlife 
agency or other qualified biologist must determine whether the tree is 
being used as a roost tree by ______ [insert applicable covered bat 
species] and must contact the Service to coordinate prior to tree removal.  
If Grantor has a reasonable, objective basis to believe that a tree that 
provides ______ [insert applicable covered bat species]roosts poses an 
Imminent Hazard (i.e., must be cut down immediately in order to avoid 
significant injury that will be realized prior to completing consultation 
with a qualified biologist, the Service or State wildlife agency according 
to the above terms), Grantor may cut such tree, provided that the Grantor 
shall allow a qualified biologist to examine any such tree immediately 
after the tree is cut down and before it is removed from the area to 
determine whether the tree is occupied by the ______ [insert list of 
applicable covered bat species]or to allow the Service or state wildlife 
agency to determine how to handle any ______ [insert list of applicable 
covered bat species]occupying or displaced from the tree. 

Maintenance Of 
Conservation Values 

Any restoration and maintenance activities must be deemed suitable and 
necessary by the Grantee and the Service to maintain or improve the 
conservation values of the Protected Property, and shall not diminish the 
mitigation ratios, quality or quantity specified in the MWE and take 
authorizations.  Any restoration activities to be conducted by the Grantor 
must be proposed in writing to the Grantee, or by Grantee as part of a 
Service-approved management plan, consistent with the MWE and take 
authorizations. 
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KIRTLAND’S WARBLER, INTERIOR LEAST TERN, PIPING PLOVER, AND BALD 
EAGLE  

USE RESTRICTIONS AND RESERVED RIGHTS 

RESTRICTIONS 

General Description Legal Description to be included in Conveyance 

No Industrial Use No industrial activities, including but not limited to the construction or 
placement of buildings or parking areas, shall occur on the Protected 
Property 

No Residential Use No residential structures or appurtenances, including but not limited to 
the construction or placement of homes, mobile homes or storage sheds, 
shall be constructed on the Protected Property. 

No Commercial Use No commercial activities shall occur on the Protected Property, 
except for the low impact recreational uses explicitly identified under 
Reserved Rights. 

No Agricultural Use No new agricultural activities that were not previously documented as 
part of the baseline conditions shall occur on the Protected Property, 
including the use of the Protected Property for cropland, waste lagoons, 
detention or collection ponds, or pastureland. 

No Vegetative Clearing [Applicable to Kirtland’s warbler and bald eagle.] No forestry or 
timbering activities shall occur on the Protected Property, except that 
1) Grantee maintains the right to conduct silvicultural modifications with 
the intent to improve listed species habitat within the Protected Property 
through reforestation, afforestation or silvicultural management to 
improve the health of the ______ [insert list of applicable covered bird 
species]habitat; and 2) limited vegetative clearing may occur as 
described under Reserved Rights only. 

Development Rights 
Extinguished 

No development rights which have been encumbered or extinguished by 
this Conservation Easement shall be transferred pursuant to a transferable 
development rights scheme or cluster development arrangement or 
otherwise. 

No Subdivision The Protected Property may not be divided or subdivided. Further, the 
Protected Property may not be divided, partitioned, or nor conveyed 
except in its current configuration as an entity. 
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No Utilities (except for 
existing encumbrances)3 

No new utilities, including pipes, pipelines, transmission lines, whether 
aboveground or underground, shall be constructed or installed on the 
Protected Property. 

No Construction [Applicable to bald eagle.]There shall be no building, facility, mobile 
home, or other structure, temporary or permanent, constructed or placed 
on the Protected Property, except as deemed necessary to construct 
artificial nesting habitat for bald eagles. 

No Littering or Dumping No dumping of soil, trash, ashes, sawdust, garbage, waste, abandoned 
vehicles, appliances or machinery, dredge spoil, or other material shall 
occur on the Protected Property. 

No Burning of Waste No burning of trash or waste shall occur on the Protected Property. 

No Disposal of Hazardous 
Waste 

No dumping, disposal, or storage of hazardous materials shall occur on 
the Protected Property, including but not limited to used motor oil, 
household chemicals, insecticides, herbicides, or similar chemicals, or of 
containers of such materials, except to the extent such materials or 
containers are used for the purposes of managing the conservation 
values of the Protected Property and are securely stored and/or 
maintained. 

                                                           
3 Through Chapters 5 and 9 of the MWE, the Service will reserve the right to review mitigation proposals prior to approval. 
These provisions will require the project proponent to identify existing encumbrances. Specifically, this will allow the USFWS, 
individual Permittees, the AIE, and the MIE to determine whether existing rights-of-way or other encumbrances (e.g., mineral 
estates) interfere with the conservation value of the proposal. Assuming they do not, it will be the responsibility of the third 
parties exercising their rights under these pre-existing interests to independently ensure compliance with applicable local, state 
and federal laws and permits, including the ESA. Such uses, however, would not be covered activities under the MWE, and 
individual Permittees, the AIE, and the MIE would therefore not be responsible for the actions of third-parties. 
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No Grading, Mineral Use, 
Excavation, Dredging 

No grading, excavation, dredging, mining, or drilling and no removal of 
topsoil, sand, gravel, rock, peat, minerals, or other material shall occur on 
the Protected Property except to the extent that such activities are 
consistent with other Reserved Rights. 

Placement of Spoils No filling or placement of dredged spoil, topsoil, or other materials shall 
occur in or near [specify waterbody, if any] or on Protected Property shall 
occur, except as necessary for stream bank restoration or protection 
measures approved by the USFWS through its ITP or Master Permit, and 
which is consistent with local, state and federal law. 

Limited Signage No signs shall be permitted on the Protected Property except interpretive 
signs describing restoration activities and the Conservation Values of the 
Conservation Area; signs along hiking, biking or cross-country skiing 
trails [if uses are reserved]; signs identifying the owner of the Protected 
Property and the holder of this Conservation Easement; any signage 
required by applicable federal, state or local laws; and signs giving 
directions or prescribing rules and regulations for the use of the Protected 
Property. 

No Fencing No fences shall be erected on the Protected Property, except to exclude 
livestock from certain areas, to the extent that such an agricultural use was 
in existence at the time the baseline was determined, or is necessary as a 
habitat management tool elsewhere on the Protected Property. 

Pesticide, Herbicide 
Prohibitions 

No rodenticides or other small mammal control measures that may 
adversely affect the purpose of this Conservation Easement shall be 
used or undertaken on the Protected Property. No pesticides or fertilizers 
will be used on the Protected Property, except in those instances when the 
conservation values of the Protected Property are threatened to the extent 
that the conservation values may be extirpated or lost without aggressive 
management and stewardship activities being implemented.  The 
Grantee, on consultation with the Grantor, and with the written 
concurrence of the Service, may use pesticides when conservation values 
may be so affected. 

Prohibitions on mechanized 
vehicles/ equipment 

No off-road, all-terrain or similar vehicles are permitted to operate on the 
Protected Property, except for emergency vehicles or where necessary to 
effectuate the terms of this Conservation Easement. Use of mechanized 
vehicles shall only be allowed for [applicable only to bald eagle] the 
construction and maintenance of artificial nest sites for bald eagles, 
[applicable to all covered bird species] planting vegetation, moving rocks, 
soil, and trail maintenance. 
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RESERVED RIGHTS 

Recreational Use Except as noted below, no recreational activities shall occur in the 
Conservation Area _____ [insert dates during the nesting season that are 
excluded for each of the applicable covered bird species].  Outside of these 
dates, no recreational activities shall occur in the Conservation Area 
except for low-impact recreational activities, including but not limited to, 
hunting/fishing, walking, jogging, biking, cross-country skiing, 
snowshoeing, wildlife observation, photography, horseback riding, and use 
of interpretive trails, so long as these activities: 

 1) are consistent with the Purpose of this _______ [type of conveyance]; 
and, 

 2) do not result in the destruction of, or harm the viability of, trees or other 
vegetation in the Protected Property, except that the limited clearing or 
cutting of vegetation is permissible in accordance with the limitations 
below. 

 In constructing trails, the Grantor shall avoid clearing trees greater than 
five (5) inches in diameter at breast height (dbh).  To the extent that it 
is necessary to install a crossing of a wet seep or stream deemed to be in 
need of protection by the Grantee, such wet seep or stream will be 
protected by using appropriate structures, such as boardwalks, as 
approved by the Grantee, and installed at the expense of the Grantor. 

Educational Use The Grantor reserves the right to conduct educational activities within 
the Protected Property, such as site visits, studies and observations. Any 
educational activities involving attempts to capture ______ [insert list of 
applicable covered bird species] or activities that could otherwise result in 
the take of ___ [insert list of applicable covered bird species], as that 
term is defined by the ESA, may be undertaken only in accordance with 
applicable federal and state laws. 

Vegetative Management No cutting, removing, mowing, destroying, harming, harvesting, 
pruning, planting or relocating of trees, shrubs, or other vegetation shall 
occur in the Protected Property except that the removal of vegetation is 
authorized in connection with: 

 1) The construction and maintenance of trails for low impact recreational 
activities as identified as a Reserved Right, provided that such trails 
shall be no more than eight (8) feet wide and shall be vegetated or 
covered with grasses and/or gravel.  All vegetative clearing in connection 
with trail construction shall occur between November 15 and March 31. 
No trees that are greater than five (5) inches dbh shall be removed in the 
course of developing such trails; 
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 2) [Applicable only to bald eagle Conservation Areas] The removal of any 
trees that present a safety hazard.  If removal of any potential b a l d  
e a g l e  n e s t  o r  roost trees or snags is required, Grantor, with the 
guidance of a Service or appropriate state wildlife agency or other 
qualified biologist must determine whether the tree is being used as a nest 
or winter roost tree by bald eagles and must contact the Service to 
coordinate prior to tree removal.  If Grantor has a reasonable, objective 
basis to believe that a tree that supports nesting bald eagles poses an 
Imminent Hazard (i.e., must be cut down immediately in order to avoid 
significant injury that will be realized prior to completing consultation 
with a qualified biologist, the Service or State wildlife agency according 
to the above terms), Grantor may cut such tree, provided that the Grantor 
shall allow a qualified biologist to examine any such tree immediately 
after the tree is cut down and before it is removed from the area to 
determine whether the tree was occupied by the bald eagle or to allow the 
Service or state wildlife agency to determine how to handle any eaglets 
occupying or displaced from the tree; or 

 3) Restoration or management of the Protected Area as identified in a 
Service-approved management plan that is consistent with the MWE and 
take authorization. 

Restoration and 
Maintenance Of 
Conservation Values 

Any restoration and maintenance activities must be deemed suitable and 
necessary by the Grantee and the Service to maintain or improve the 
conservation values of the Protected Property, and shall not diminish the 
mitigation ratios, quality or quantity specified in the MWE and take 
authorizations.  Any restoration activities to be conducted by the Grantor 
must be proposed in writing to the Grantee, or by Grantee as part of a 
Service-approved management plan, consistent with the MWE and take 
authorizations. 
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APPENDIX I. GLOSSARY 

This appendix provides definitions of specialized terms used in the Midwest Wind Energy Multi-
Species Habitat Conservation Plan (MWE). The terms in this glossary are defined as they 
specifically apply to their usage in the MWE.  

Adaptive management. The U.S. Fish and Wildlife Service (USFWS) Five-Point Policy 
broadly defines adaptive management “…as a method for examining alternative strategies for 
meeting measurable biological goals and objectives, and then if necessary, adjusting future 
conservation management actions according to what is learned.” 1 MWE adaptive management 
actions are described in Chapter 7. 

Adaptive management trigger. A threshold established for the purposes of determining the 
need to implement a specified adaptive management action. MWE adaptive management triggers 
and actions are described in Chapter 7.  

Annual Compliance Report(s). A MWE-specific term referring to reports that must be 
submitted annually to the USFWS by the Administrative Implementing Entity (AIE) as the 
Master Permittee, individual Permittees, and Mitigation Implementing Entity (MIE) that 
demonstrate compliance with the terms and conditions of the MWE, Certificates of Inclusions 
(COIs), and incidental take permits (ITPs) over the previous year’s implementation of the MWE. 
COI-holders are required to submit Annual Compliance Reports to the AIE, which will be 
collated by the AIE into a single Annual Compliance Report for submittal to the USFWS. The 
content requirements of Annual Compliance Reports are described in Section 9.10.1. 

Anthropogenic. Caused or produced through human agency.  

Arousal. The stage between hibernation and active states in hibernating animals, or a period 
where the animal awakes for a brief period of time before returning to a state of hibernation; 
arousal is typically characterized by an increased heart rate and body temperature.  

Artificial structures (bat habitat). Structures such as abandoned houses, chimneys, and other 
structures that may be used by roosting bats.  

Avoidance and minimization measures (AMMs). Actions that when implemented are designed 
to eliminate or reduce the potential adverse effects of Covered Activities on Covered Species 
addressed by the MWE. MWE AMMs are described in Chapter 5.  

Barotrauma. Tissue damage to lungs caused by expansion of air that is not accommodated by 
exhalation, and that affects bats that fly in close proximity to spinning wind turbines. 

                                                 
1 65 Federal Register (FR) 106. 
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Baseline/baseline condition. The baseline for the MWE is the existing condition of the physical 
and biological environment of the Plan Area as described in Chapter 3 and Chapter 4 for the 
various Covered Species and the anticipated impacts of all permitted wind facilities in the Plan 
Area. Under USFWS regulations, the environmental baseline “includes the past and present 
impacts of all Federal, State, or private actions and other human activities in the action area, the 
anticipated impacts of all proposed Federal projects in the action area that have already 
undergone formal or early section 7 consultation, and the impact of State or private actions 
which are contemporaneous with the consultation in process.”2  

Bat activity. Bats in active flight; in the case of acoustic detection studies, activity often refers to 
bat passes per detector night. 

Bat pass. Typically defined as a continuous series of two or more call notes produced by an 
individual bat with no pauses between call notes of more than one second.  

Bias. A systematic distortion of a statistic, or of data that are used to derive the statistic, due to 
sampling methods.  

Bias correction factors. Mathematical correction factors based on empirical data from searcher 
efficiency and carcasses removal trials that are used to adjust mortality estimates to account for 
unsearched areas, ineffective searches, or carcass removal by scavengers. 

Biological goal. The USFWS and National Marine Fisheries Service (NMFS) Five-Point Policy 
for Habitat Conservation Plans (HCPs) defines biological goals as: “In the context of HCPs, 
biological goals are the broad, guiding principles for the operating conservation program of the 
HCP… Multiple species HCPs may categorize goals by species or by habitat, depending on the 
structure of the operating conservation program.”3 The MWE biological goals represent the 
broad principles used to guide development of the MWE to meet the statutory criteria of sections 
7 and 10 of the Endangered Species Act (ESA). 

Biological objective. The USFWS and NMFS Five-Point Policy for Habitat Conservation Plans 
defines biological objectives as “…the different components needed to achieve the biological 
goal such as preserving sufficient habitat, managing the habitat to meet certain criteria, or 
ensuring the persistence of a specific minimum number of individuals… Biological objectives 
should include the following: species or habitat indicator, location, action, quantity/state, and 
timeframe needed to meet the objective”.4  

                                                 
2 50 Code of Federal Regulations (CFR) 402.02. 
3 65 FR No. 106 at 35242, June 1, 2000. 
4 65 FR No. 106 at 35242. 
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Biological opinion (BO or BiOp). The document stating the opinion of USFWS or NMFS as to 
whether or not a Federal action is likely to jeopardize the continued existence of listed species or 
result in the destruction or adverse modification of critical habitat.5 A BO is one of the decision 
documents of a consultation under section 7 of the ESA. 

Bird mortality/fatality. As used in the MWE, mortality of individual birds from bird collisions 
with the turbine blades, towers, power lines, or with other related structures, and electrocution on 
power lines. 

Blades. The flat panels on a wind turbine that are connected to a center shaft that converts the 
push of the wind into a circular motion in a wind turbine. 

Build-out. The total anticipated megawatts of proposed wind energy development within the 
Plan Area during the first 15 years of MWE implementation. 

Build-out model. The MWE-specific model developed to conduct the MWE impact analysis 
described in Chapter 4. The build-out model spatially generates a reasonable simulation of 
potential locations of future wind energy facilities within the Covered Lands of the Plan Area) 
and is described in Appendix A.  

Candidate species. A species that warrants listing under the ESA, but the immediate proposal 
and timely promulgation of a final regulation implementing the listing action is precluded by 
other, higher priority pending proposals. Described under the ESA section 4(b)(3)(B)(iii). 

Canopy. The branches and foliage that form one or more layers near the top of the forest or of a 
single tree  

Canopy cover. A measure of area covered by either the canopy of an individual plant or the area 
covered by many plants.  

Carcass persistence. As used in the MWE, the period that an animal carcass remains detectable 
on the ground following a collision with a wind turbine or related structure.  

Cave gate. A gate to exclude or restrict people from caves or cave-like structures (e.g., mine 
openings) without restricting the natural airflow; installed to prevent trespass, protect sensitive 
caves, prevent vandalism or damage to the cave, or exclude people from caves deemed to be 
dangerous. 

Certificates of Inclusion (COIs). The instrument through which the AIE as the Master 
Permittee provides take authorization to project proponents under its Master Permit. The 
responsibilities of COI-holders are described in Section 9.6. 

                                                 
5 50 CFR §402.02. 



Glossary Appendix I 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page I-4 

Changed circumstances. USFWS/NMFS regulations define changed circumstances as “changes 
in circumstances affecting a species or geographic area covered by a conservation plan that can 
reasonably be anticipated by plan developers and the [USFWS and NMFS] and that can be 
planned for…”6  

Channel. The natural or artificial area within which water flows on a regular basis, typically on 
an annual basis. 

Clearcut. The removal of all trees within a boundary of a tree harvest area. 

Climate change/global climate change. In general use, a long-term change in the statistical 
distribution of weather patterns over periods of time that range from decades to millions of years. 
As specifically used in the MWE, climate change is defined as an increase in global average 
temperature, due to a human-induced increase in greenhouse gas concentrations 
(Intergovernmental Panel on Climate Change [IPCC] 2007). 

Collection system. The electrical system within a wind energy facility, including the turbines, 
the collector cables, and the transformer. 

Collision. As used in the MWE, the strike of a bird or bat with a turbine structure, particularly 
with rotating blades. 

Commercial Date of Operation. The date that a wind energy facility is fully commissioned and 
begins generating power to the electrical transmission grid. 

Commuting. As used in the MWE, the movement of a individuals of a Covered Species from 
one habitat use area to another.  

Companies (the). The term “the Companies” refers to the group of wind energy companies that 
participated in and provided funds in support of preparation of the MWE. The participating wind 
energy companies are listed in Table 1-1. 

Compliance monitoring. Monitoring that will be undertaken by COI-holders, individual 
Permittees, and the MIE to document to the USFWS their compliance with the terms and 
conditions of the MWE and their take authorizations. MWE compliance monitoring requirements 
are described in Chapter 7. 

Connectivity (habitat). The measure of how connected or spatially continuous parts of the 
biological features of a landscape are to each other. Habitat connectivity is species-specific and 
relates to the ease of movement (or the lack of barriers to movement) of individuals of a species 
from one patch of habitat to another. The level of connectivity is dependent on the species means 
of movement.  

                                                 
6 50 CFR §17.3. 

http://en.wikipedia.org/wiki/Weather
http://en.wikipedia.org/wiki/Time
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Connector/Interconnection lines. Typically overhead lines constructed to interconnect a wind 
energy facility to the power grid.  

Conserve/conserving/conservation. The ESA (section 3(3)) defines the terms conserve, 
conserving, and conservation as the methods and procedures necessary to bring any endangered 
or threatened species to the point at which the measures provided under the Act are no longer 
necessary. Such methods and procedures include, but are not limited to, activities associated with 
resource management such as research, census, law enforcement, habitat acquisition and 
maintenance, propagation, live trapping, and transportation.  

Conservation easement. As used in the MWE, conservation easements are long-term legally 
binding agreements between a landowner and an easement holder that restrict certain uses of the 
land to protect species and their habitat while allowing the continued use of the land by the 
landowner. MWE conservation easements must include provisions such that the subject lands 
meet the MWE definition of protected (see definition of “protected”). The requirements for 
MWE conservation easements are described in Chapter 9.  

Contribute to recovery. Actions that substantially increase the baseline conditions necessary to 
support a Covered Species and contribute to the eventual de-listing of a listed species or the 
prevention of the listing of an unlisted species. A contribution to recovery does not include 
actions necessary to avoid, minimize, or mitigate impacts of Covered Activities.  

Cover (e.g., canopy cover, areal cover). The area of ground covered by vegetation of particular 
species or vegetation type, generally expressed as a percentage.  

Covered Activities. The range of activities for which ESA section 10 permit coverage is being 
sought under a HCP. MWE Covered Activities are described in Chapter 2. 

Covered Species. Species identified in a HCP for which the permit applicants are seeking 
authorization for take under section 10 of the ESA. The MWE Covered Species are identified in 
Chapter 1. 

Crane pad. A gravel pad extending from the roadway to the turbine foundation upon which the 
crane will operate during construction of the turbine.  

Credible take. The assumed level of take as determined through Evidence of Absence 
(defined below) modeling results based using results of fatality monitoring as described in 
Section 7.3.3.2.  
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Critical habitat/designated critical habitat. The specific areas designated by USFWS and 
NMFS within the geographical area occupied by a threatened or endangered species at the time it 
is listed on which are found those physical or biological features essential (constituent elements) 
to the conservation of the species and which may require special management considerations or 
protection. Critical habitat also includes specific areas outside the geographical area occupied by 
the species at the time of listing that are essential for the conservation of the species.7 Designated 
critical habitats for listed species are described in 50 Code of Federal Regulations (CFR) §17 
and §226. 

Curtailment. To reduce or decrease wind turbine operations to prevent or reduce impacts to bats 
(and possibly birds); methods include reductions in cut-in speed, turning turbines off or 
feathering them during high-risk periods, etc. 

Cut-in speed. The wind speed at which wind turbines begin generating power and sending it to 
the electrical grid  

Decommissioning. The removal of the above-ground structures and below-ground structures (to 
a depth of at least 4 feet (feet) (1.2 meters below the surface) at the end of the wind energy 
facility’s operational life, including the removal of access roads if required by the landowner, 
followed by restoration of topsoil, re-vegetation and seeding, and a three-year monitoring and 
remediation period.  

Delist/delisting. Defined in the USFWS/NMFS Habitat Conservation Planning Handbook 
(USFWS and NMFS 1996)8 as to “remove from the Federal list of endangered and threatened 
species (50 CFR 17.11 and 17.12) because such species no longer meets any of the five listing 
factors provided under section 4(a)(1) of the ESA and under which the species was originally 
listed (i.e., because the species has become extinct or is recovered).” 

Diameter at breast height (DBH). The diameter of a tree’s trunk taken at a distance of 
approximately breast height (about 4.5 feet or 1.4 meter) above the forest floor on the uphill side 
of the tree; used to calculate tree growth, among other metrics. 

Direct effect/direct impact. As used in the MWE, direct effects are those effects on Covered 
Species and their habitat that are expected to occur immediately as a result of the implementation 
of Covered Activities at the time and place of project implementation (e.g., construction-related 
ground, noise and visual disturbances). Direct effects can be permanent or temporary. 

Discountable (effect). As used in the MWE effects analysis, means an effect or outcome that is 
extremely unlikely to occur. 

Dispersal. The movement of organisms away from their parent organisms and/or natal region.  

                                                 
7 16 U.S.C. § 1532(5)(A). 
8 USFWS (United States Fish and Wildlife Service) and NMFS (National Marine Fisheries Service). 1996. Habitat 

Conservation Planning and Incidental Take Permit Processing Handbook. November 4, 1996. 
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Displacement (ecological). When an animal is forced out of its normal range due to a disrupting 
influence, such as construction noise or vibration.  

Ecoregion. A geographic region defined by its ecological aspects (e.g., as climate, vegetation, 
landforms, soil types, etc.).  

Ecosystem. A community of organisms and their physical environment interacting as an 
ecological unit. 

Ecosystem processes. Physical, chemical, and biological events and conditions that connect 
organisms with their environment, such as energy capture, production, nutrient cycling, 
hydrology, and natural disturbance. 

Effectiveness monitoring. Monitoring that will be undertaken by (1) COI-holders and individual 
Permittees to determine the effectiveness of the AMMs in avoiding and minimizing taking of the 
Covered Species and (2) by COI-holders, individual Permittees, and the MIE to determine the 
effectiveness of mitigation measures in mitigating take of the Covered Species. Results of 
effectiveness monitoring are also used to determine if adaptive management actions must be 
implemented. MWE effectiveness monitoring requirements are described in Chapter 7.  

Emergence (winter). The period when bats leave the hibernacula.  

Endangered species. Defined in the ESA as “...any species [including subspecies or qualifying 
distinct population segment] which is in danger of extinction throughout all or a significant 
portion of its range.” (section 3(6) of ESA).  

Enhance/enhancement. The improvement in ecological or habitat functions within an area that 
supports some habitat function but where such functions were degraded from the historical level 
of function. 

Environmental impact statement (EIS). A document presenting an analysis required by the 
National Environmental Policy Act that evaluates environmental risks for all major federal 
actions. It describes the effects for proposed activities on the biological, physical, and human 
environment.  

Event. A natural phenomenon that affects a mitigation site such that one of the mitigation-
related changed circumstances described in Section 8.4.2 may have been triggered. 

Event Evaluation. An MWE-specific term referring to the process to be used by the 
Responsible Mitigation Entity to determine if a changed circumstance has occurred in a 
mitigation site. The process for conducting Event Evaluations is described in Section 8.4.2. 
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Evidence of Absence (EoA). Evidence of Absence is a method developed by the U.S. 
Geological Survey to detect fatalities of rare bat species associated with the operation of wind 
energy facilities. This method will be used to detect fatalities of the covered bat and bird species 
under the MWE as described in Section 7.3.2. 

Exfoliating bark. Bark that is peeling, loose, or flaking, usually in thin layers. 

Existing wind energy facility. As used in the MWE, a wind energy facility with a Commercial 
Date of Operation prior to one year following the MWE implementation date. 

Fatality rate. A measure of the number of deaths in a population.  

Feathering. When turbine blades are pitched parallel with the wind direction, causing them to 
only spin at very low rotation rates, if at all. 

Flight height. The height of a flying bird or bat above ground level. 

Flight path. The course a flying animal takes while flying. 

Foraging habitat. The habitat used for foraging by an animal. 

Funding Assurances. Assurances provided by COI-holders and individual Permittees to the 
USFWS via instruments (e.g., Sureties) acceptable to the USFWS that guarantee the funds 
necessary to implement the MWE minimization and mitigation measures will be available to 
implement those measures in advance of when impacts will be incurred on the Covered Species. 
MWE funding assurances requirements are described in Section 8.2. 

Gating. Installing cave gates at caves or cave-like structures to exclude people.  

Generator. A device that produces electricity from mechanical energy, such as from a rotating 
wind turbine shaft. 

Geographic Information System (GIS). Computer-based mapping technology that manipulates 
geographic data in digital layers and enables one to conduct a wide array of environmental 
analyses.  

Gestation. Duration of or state of pregnancy in mammals. 

Greenhouse gas. An atmospheric gas that is implicated in climate change (“global warming”) 
and whose absorption of solar radiation is implicated in atmospheric warming; examples include 
carbon dioxide, ozone, fluorocarbons, and methane 

Guy wire. A strong metal cable or wire which attaches a tower to the ground.  
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Habitat. The environmental conditions that support occupancy of a given organism in a 
specified area (Hall et al. 19979). In scientific and lay publications, habitat is defined in many 
different ways and for many different purposes. For the purpose of the MWE, habitat is defined 
as the specific places where the environmental conditions (i.e., physical and biological 
conditions) required to support occupancy by individuals or populations of a given species are 
present. Habitat may be occupied (individuals or population of the species are, or have recently 
been, present) or unoccupied (individuals or populations of species are not present, but 
conditions are such that it is expected they could occupy the site at a future time). Also see 
“species habitat models.” 

Habitat fragmentation. Discontinuity in the spatial distribution of resources and conditions 
present in an area that support a particular species relative to a historical condition that affects 
occupancy, reproduction, or survival of the species. Examples of anthropogenic mechanisms that 
may result in fragmentation of habitat include conversion of natural landscapes to urban and 
agricultural uses and construction of infrastructure (e.g., roads, canals).  

Habitat function. The ability of the environment to provide conditions that support the 
persistence of individuals and populations, corresponding to Hall et al. definition of “habitat 
quality” (1997). The precise meaning of function varies by species and depends on the subject 
species’ specific needs in the context of a particular area. High functioning habitat for some 
species comprises only foraging and resting elements; for others it comprises foraging, resting, 
and breeding elements; for still others it may encompass all elements needed for the species to 
complete its lifecycle. Low functioning habitat would include only the minimal elements that 
support occurrence of the species. High functioning habitat tends to support larger numbers 
individuals of the species than lower functioning habitat. 

Harass. Harass is a form of take identified in the ESA (ESA §3(19)) and is further defined by 
USFWS to include “…actions that create the likelihood of injury to listed species to such an 
extent as to significantly disrupt normal behavior patterns which include, but are not limited to, 
breeding, feeding or sheltering” (50 CFR §17.3).  

Harm. Harm is a form of take identified in the ESA (ESA §3(19)) and is further defined by 
USFWS to include “…significant habitat modification or degradation that results in death or 
injury to listed species by significantly impairing behavioral patterns such as breeding, feeding, 
or sheltering (50 CFR §17.3).  

Hub. The central part of the wind turbine, which supports the turbine blades on the outside and 
connects to the low-speed rotor shaft inside the nacelle. 

Hibernaculum (plural, hibernacula). The physical structure (often a cave or mine in the case 
of bats) in which hibernating animals spend the winter.  

                                                 
9 Hall, L.S., P.R. Krausman, and M.L. Morrison. 1997. The habitat concept and a plea for standard terminology. Wildlife Society 

Bulletin 25(1): 173-182.  
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Hibernation. The act of spending the winter in a dormant condition, usually in some sort of 
shelter.  

Hibernation habitat. Habitat required for hibernation, e.g., undisturbed cave systems for bats.  

Home range. The geographic area where an organism carries out its activities during all of part 
of the year. 

Hydrology. The movement of surface and subsurface water flows in a given area. The hydrology 
of an area is intimately connected with its precipitation, soils, and topography. 

Impact mechanism. As used in the MWE, actions or results of actions to implement a covered 
activity that result in an adverse effect on Covered Species. 

Incidental take. Take of listed fish or wildlife species that results from, but is not the purpose of, 
carrying out an otherwise lawful activity conducted by a Federal agency or applicant 
(50 CFR §402.02). 

Incidental Take Permit (ITP). Exempts a permittee from the prohibition of take under the 
Endangered Species Act, if all conditions are met and the take is incidental to otherwise lawful 
activities. 

Indirect effect/impact. Indirect effects are those effects on Covered Species and their habitats 
that are caused by or will result from the implementation of Covered Activities and are later in 
time but still reasonably certain to occur. Indirect effects are defined under USFWS and NMFS 
joint regulations as “those that are caused by the proposed action and are later in time, but are 
still reasonably certain to occur” (50 CFR 402.02). For example, indirect effects could be 
reduced use of habitat by wildlife due to increased noise, disturbance by unattended pets, and 
night lighting as a result of homes built in immediate proximity to habitat.  

Individual Permittee. A wind energy facility that applies for take authorization under the MWE 
through issuance of an ITP from the USFWS. The responsibilities of individual Permittees are 
described in Section 9.6.  

Infrastructure. The basic physical and organizational structures needed for the operation of a 
society or enterprise, or the services and facilities necessary for an economy to function 

Insignificant effect. As used in the MWE effects analysis, means so small as to not be 
measureable or detectable. 

Intensive Monitoring. Monitoring that is conducted during the first three years of wind energy 
facility operations by searching defined plots around wind turbines to locate carcasses of 
Covered Species. 
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Karst. Irregular limestone geology that is characterized by fissures, caverns, and sinkholes 
caused by erosion. 

Lactation. Milk production in mammals 

Land acquisition. As used in the MWE, the fee title purchase of or placement of in perpetuity 
conservation easements on land parcels to protect Covered Species habitat under the MWE. 

Land cover type. The dominant feature of the land surface defined by vegetation, water, or 
human uses; gathered at a resolution discernible from aerial imagery. Also refers to habitat and 
vegetation types specified in the MWE vegetation classification system. 

Laydown area. The area near the turbine tower where the rotor construction occurs.  

Life history. The natural changes an organism undergoes during its lifetime. 

Listed species. A species that is listed as threatened or endangered under the ESA. 

Manage/management. In the context of MWE, actions implemented to maintain the existing 
ecological functions of habitat to mitigate effects of the MWE Covered Activities and to benefit 
the Covered Species over time.  

Master Permittee. The AIE or States that request and receive a Master Permit under the MWE 
from the USFWS. 

Material Adverse Change. In the context of a mitigation-related changed circumstance, a 
Material Adverse Change is a change in a Covered Species mitigation habitat that, based on the 
best available information, is reasonable expected to adversely affect its ability to provide the 
intended level of mitigation for a period of at least 1 year. The finding of a Material Adverse 
Change triggers mitigation-related changed circumstances described in Section 8.4.2. 

Maternity colony. Where female bats congregate to birth and raise young and where pregnant 
and nursing bats assemble.  

Maternity habitat. Habitat used by female bats that are raising young, including habitat for 
foraging and maternity roots  

Maternity roost. Roosts where female bats birth and raise their young, particularly for colonial 
bat species. 

Megawatt (MW) 1,000 kilowatts (kW) or 1 million watts (W). A standard measure of electric 
power generating capacity. A watt is the rate of energy transfer equivalent to one ampere under 
an electrical pressure of one volt. One watt equals 1/746 horsepower, or one joule per second. It 
is the product of voltage and current (amperage). 
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Metapopulation. A group of partially isolated populations belonging to the same species that are 
connected by pathways of immigration and emigration. Exchange of individuals occurs between 
such populations, enabling recolonization of sites from which the species has recently become 
extirpated. 

Meteorological (Met) tower. Typically a tubular or lattice tower with devices for measuring 
wind speed, wind direction, temperature, and with the devices set at more than one height.  

Microclimate. A localized climate in an area that may be as small as a few square feet and that 
differs from the surrounding climate in adjacent areas. 

Migrant. An animal that migrates, particularly one currently exhibiting migration behavior.  

Migration. The process of moving from one region or climate, especially periodically and when 
triggered by environmental cues, or the act of migratory movement.  

Migratory bat. Any species of bat that exhibits seasonal migratory behavior. 

Migratory bird. Any species of bird that exhibits seasonal migratory behavior.  

Minimization measure. See definition of AMMs.  

Mitigation/mitigation measure. In the context of the MWE, actions undertaken, such as the 
protection, restoration, enhancement, and management of species occurrences and habitat, 
necessary to compensate for the impacts of the Covered Activities on MWE Covered Species.  

Mitigation Implementing Entity (MIE). A MWE-specific entity that may be established by the 
USFWS to implement mitigation on behalf of wind energy facilities with take authorizations 
issued under the MWE through payment of mitigation fees. The responsibilities of the MIE are 
described in Section 9.2.3.  

Mitigation Stacking/Stacking Ratio. As used in the MWE, the receipt of compensatory habitat 
mitigation credit for more than one Covered Species when the same patch of mitigation land 
supports habitat for more than one Covered Species.  

Mortality. Death of an individual, generally due to a specific cause  

Mortality rate. A measure of the number of deaths in a population per unit time.  

Nacelle (wind turbines). The structure at the top of the wind turbine tower just behind (or in 
some cases, in front of) the wind turbine blades that houses the key components of the wind 
turbine, including the rotor shaft, gearbox, and generator. 

Occurrence (Covered Species). The MWE defines an “occurrence” of a species as the location-
specific confirmed observation or collection of a species.  
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Operation (wind energy facility). The state of a wind energy facility when its turbines, or 
individual turbines, are rotating and producing power that is transmitted to the electrical grid.  

Operational life. The period over which a wind energy facility is commercially operational.  

Permanent impact(s). In the context of the MWE, Permanent impacts are effects of Covered 
Activities that result in the injury or mortality of individuals of a Covered Species; irreversible 
permanent removal, degradation, or alteration of habitat, or long term impairment of the habitat 
functions.  

Philopatry/philopatric. An animal that tends to return to or remain near a particular area of 
habitat. 

Plan Area. The geographical extent of land covered under the MWE. The USFWS/NMFS HCP 
handbook (USFWS and NMFS 1996) defines a conservation Plan Area as the lands and other 
areas encompassed by specific boundaries which are affected by the conservation plan and 
incidental take permit. The Plan Area for the MWE is identified in Chapter 1. 

Population. A group of individuals of the same species inhabiting a given geographic area, 
among which mature individuals reproduce or are likely to reproduce. Ecological interactions 
and genetic exchange are more likely among individuals within a population than among 
individuals of separate populations of the same species. 

Population demographic(s). Pertaining to the statistical characteristics of a population, such as 
birth rate and death rate.  

Fatality (also referred to as post-construction) monitoring. Monitoring at a wind energy 
facility that consists of searchers walking beneath turbines looking for bird and bat fatalities.  

Potential take. Situations or conditions that may result in harm or death of an individual of a 
Covered Species (see definition of “take”).  

Practicable. USFWS must make a finding for issuance of ESA section 10 incidental take 
permits that the “applicant will, to the maximum extent practicable, minimized and mitigate 
the impacts” of any take of endangered and threatened wildlife and fish species (ESA 
Section 10(a)(2)(B)(ii)). No definition of “practicable” is provided in ESA or its implementing 
regulations. Under the Clean Water Act, practicable means available and capable of being done 
after taking into consideration cost, existing technology, and logistics in light of overall project 
purpose (45 Federal Register (FR) 85344, December 24, 1980: U.S. Environmental Protection 
Agency, Part 40 Code of Federal Regulations 230.3, Definitions). This Clean Water Act 
definition is used for the MWE. 

Precipitation. Moisture formed by condensation of water vapor in the atmosphere (e.g., rain, 
sleet, hail, and snow).  



Glossary Appendix I 

Midwest Wind Energy Multi-Species Habitat Conservation Plan April 2016 
Public Review Draft Page I-14 

Pre-construction surveys. In the context of MWE, surveys conducted by a project proponent 
for Covered Species prior to construction to ensure that species and habitat AMMs can be 
effectively implemented.  

Predation. The act of an animal capturing and feeding upon another animal. 

Priority 1 hibernacula. Hibernacula essential to the recovery and long-term conservation of the 
species and have a current or historically observed winter population of ≥10,000 individual bats.  

Priority 2 hibernacula. Hibernacula that contribute to the recovery and long-term conservation 
of the species and have a current or historical population of >1,000 but <10,000 individual bats.  

Priority recovery action. Actions that have been identified as being the most important for 
recovery of the Indiana bat population.  

Project proponent. Those entities that request or intend to request a MWE take authorization.  

Project-Specific Plan. An element of project proponent applications for issuance of an ITP 
under the MWE from the USFWS. Project-Specific Plans detail how the applicant will 
implement all the applicable requirements of the MWE. Project-Specific Plan requirements are 
described in 9.4.1.1, Individual Take Permits. 

Proposed (species listing). Defined in ESA regulations as any species of fish, wildlife or plant 
that is proposed in the FR to be listed as threatened or endangered under section 4 of the Act. (50 
CFR §402.02). 

Proposed Wind Energy Facility. As used in the MWE, defined as any wind energy facility that 
is in the planning phase and no ground disturbing activities have been implemented 

Protect/Protection. Changing the status of a property that supports a Covered Species 
occurrence or habitat from unprotected status (under which the land use could change and these 
resources degraded or lost) to a protected status under which these resources cannot be degraded 
or lost. The change in land status to “protected” is achieved through a long-term conservation 
easement on lands owned by a private entity or a comparable change in federal or state 
designation on federal and state lands to maintain the existing extent of species occurrences and 
habitat. Minimum conservation easement requirements to meet the protection standard under the 
MWE are described in in Chapter 9.  

Pup (bat). A baby bat. 

Qualified biologist. In the context of conducting required MWE surveys and monitoring, a 
biologist that has a working knowledge of the subject Covered Species’ identification, behaviors, 
habitat requirements, and survey protocols.   
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Range. The geographic area a species is known or believed to occupy. The geographic area 
where a population of organisms carries out its activities during all of part of the year.  

Rated capacity. Also known as “nameplate” capacity, is the wind turbine manufacturers’ 
designed maximum output of a generator under specific conditions. 

Recovery. Defined in ESA regulations as improvement in the status of listed species to the point 
at which listing is no longer appropriate under the criteria set out in section 4(a)(1) of the Act (50 
CFR §402.02). The process by which the decline of an endangered or threatened species is 
arrested or reversed or threats to its survival neutralized so that its long-term survival in nature 
can be ensured. Recovery entails actions to achieve the conservation and survival of a species, 
including actions to prevent any further erosion of a population’s viability and genetic integrity, 
as well as actions to restore or establish environmental conditions that enable a species to persist 
(i.e., the long-term occurrence of a species through the full range of environmental variation) 
(USFWS and NMFS 1998). 

Recovery Plan. A document published by the U.S. Fish and Wildlife Service or NMFS that lists 
the status of a listed species and the actions necessary to remove the species from the endangered 
species list. 

Recovery unit. Geographic units in which recovery actions are focused that are based on a 
combination of preliminary evidence of population discreteness and genetic differentiation, 
differences in population trends, and broad-level differences in macrohabitats and land use. 
Recovery Units serve to protect both core and peripheral populations and ensure that the 
principles of representation, redundancy, and resiliency are incorporated. 

Recruitment. The addition of young animals, particularly of a given age, that are added to the 
population as a result of past breeding effort (e.g., juvenile recruitment, sub-adult recruitment, 
and young adult recruitment). 

Recruitment rate. Generally defined as the number of young animals added to the population in 
the fall from that year’s breeding effort (i.e., the population increase after that year’s natality and 
mortality have been accounted for). 

Regime. A natural, periodic event, typically on a landscape scale (e.g., wind, flood, fire, 
drought).  

Renewable energy. Energy generated from naturally replenished resources, such as wind, 
sunlight, tides, and geothermic heat.  

Renewable Portfolio Standards (RPS). Laws developed by the federal or state governments 
mandating that electricity providers obtain a minimum fraction of their energy from renewable 
resources.  
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Repower/repowering. Process of replacing older power stations with newer ones that either 
have a greater nameplate capacity or more efficiency which results in a net increase of power 
generated.  

Reproductive fitness. The ability of an organism to reproduce measured by the number of 
offspring that it has that survive and reproduce in turn.  

Reproductive capacity/potential. A population's maximum reproductive output if it had no 
limitations; if all essential factors, such as food, space, shelter, mates etc. were readily available. 

Resource Equivalency Analysis (REA). A modeling approach that provides a unit of measure 
and a framework for comparing biological resource losses (debits) and gains (credits) to identify 
requirements for mitigating the impact of the taking of a species. MWE REA models are 
presented in Appendix C. 

Responsible Mitigation Entity. Refers to the MWE entities that could be responsible for 
implementing mitigation (e.g., land acquisition, management, maintenance, monitoring, 
restoration in response to changed circumstances, adaptive management). These entities include 
the Mitigation Implementing Entity (MIE) and individual Permittees and COI-holders that are 
implementing mitigation independent of the MIE. 

Restore/restoration. In the context of MWE, the establishment of a Covered Species habitat in 
an area that historically supported it, but no longer supports it because of the loss of one or more 
required ecological factors. Restoration may involve altering the substrate or other physical 
features to improve site’s ability to support the historical species habitat. 

Right-of-ways (ROWs). A strip of land and any potential easements granted for transportation 
purposes (examples include roads and rail lines). 

Riparian habitat. Vegetation associated with river, stream, or lake banks and floodplains. Also 
defined by U.S. Fish and Wildlife Service (1997)10 as plant communities contiguous to and 
affected by surface and subsurface hydrologic features of perennial or intermittent lotic and 
lentic water bodies (i.e., rivers, streams, lakes, or drainage ways). Riparian areas have one or 
both of the following characteristics: (1) distinctively different vegetation than adjacent areas, 
and (2) species similar to adjacent areas but exhibiting more vigorous or robust growth forms 
due to the greater availability of surface and subsurface water. Plant communities along the river 
margins are called riparian. 

Riverine. Vegetation and habitat associated with rivers and streams. 

                                                 
10 USFWS (United States Fish and Wildlife Service). 1997. A system for mapping riparian areas in the western United States. 

December 1997.  
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Roads and Pads Monitoring. Monitoring that is conducted during fourth year (following 
completion of three years of Intensive Monitoring) of wind energy facility operations by 
searching for carcasses of Covered Species by searching roads and turbine pads. 

Roost (bat). A place where bats rest, shelter, and/or sleep. 

Roost trees (bat). Trees used as roosts by bats, especially during the summer; typically, the roost 
trees will have loose bark or crevices for the bats to shelter in or under.  

Rotor. Comprises the spinning parts of a wind turbine, including the turbine blades and the hub. 

Rotor-swept area/zone (wind turbines). The area that is swept by the blades when the rotor is 
turning. 

Search plot. A designated area of a specific size and shape at the base of a wind turbine in which 
fatality searches are conducted during fatality monitoring at a wind energy facility.  

Searcher efficiency (mortality monitoring). The effectiveness of monitors to locate bird and 
bat carcasses at a wind energy facility. 

Section 7 of the ESA. Defined in the Section 7 Consultation Handbook (USFWS and NMFS 
1998)11 as “the section of the Endangered Species Act of 1973, as amended, outlining procedures 
for interagency cooperation to conserve Federally listed species and designated critical habitats. 
Section 7(a)(1) requires Federal agencies to use their authorities to further the conservation of 
listed species. Section 7(a)(2) requires Federal agencies to consult with the Services to ensure 
that they are not undertaking, funding, permitting, or authorizing actions likely to jeopardize the 
continued existence of listed species or destroy or adversely modify designated critical habitat. 

Other paragraphs of this section establish the requirement to conduct conferences on proposed 
species; allow applicants to initiate early consultation; require FWS and NMFS to prepare 
biological opinions and issue incidental take statements. 

Section 7 also establishes procedures for seeking exemptions from the requirements of section 
7(a)(2) from the Endangered Species Committee. [ESA §7]” 

Section 9 of the ESA. Defined in the Section 7 Consultation Handbook (USFWS and NMFS 
1998) as “the section of the Endangered Species Act of 1973, as amended, that prohibits the 
taking of endangered species of fish and wildlife. Additional prohibitions include: (1) import or 
export of endangered species or products made from endangered species; (2) interstate or foreign 
commerce in listed species or their products; and (3) possession of unlawfully taken endangered 
species. [ESA §9]” 

                                                 
11 USFWS (United States Fish and Wildlife Service) and NMFS (National Marine Fisheries Service). 1998. Endangered Species 

Act Consultation Handbook. Procedures for Conducting Section 7 Consultations and Conferences. Final Draft. Washington, 
D.C. March. 
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Section 10 of the ESA. Defined in the Section 7 Consultation Handbook (USFWS and NMFS 
1998) as “the section of the Endangered Species Act of 1973, as amended, that provides 
exceptions to section 9 prohibitions. The exceptions most relevant to section 7 consultations are 
takings allowed by two kinds of permits issued by the Services: (1) scientific take permits and 
(2) incidental take permits. The Services can issue permits to take listed species for scientific 
purposes, or to enhance the propagation or survival of listed species. The Services can also issue 
permits to take listed species incidental to otherwise legal activity. [ESA §10]” 

Stable population. A population in which the growth rate and relative age distribution do not 
change over time. 

Staging Areas. Areas designated during wind energy facility construction where vehicles and 
construction equipment/materials are positioned for access and use at a construction site.  

Stochastic (event). An event lacking any predictable occurrence. 

Substation. A facility that steps up or steps down the voltage in utility power lines. Voltage is 
stepped up where power is sent through long-distance transmission lines. It is stepped down 
where the power is to enter local distribution lines. 

Succession. The change in the composition and structure of a biological community over time. 
Successional patterns often shift dramatically following a major disturbance (e.g., fire, flood, 
anthropogenic clearing of land). 

Summer habitat. Habitat use by summering animals.  

Summer range. Where a species typically occurs during the summer. 

Summering. For an animal to spend the summer in a particular locale. 

Surrogate species. In the context of estimating take, a species for which for which there is 
sufficient information available to credibly estimate take for the species under evaluation. The 
selected surrogate species is one that shares similar behaviors with the evaluation species and is 
usually one that is commonly documented in mortality monitoring studies at wind energy 
facilities, and is used to infer mortality for evaluation species. 

Survival rate. Indicating the percentage of animals that are alive after a given event that has the 
potential to harm or kill members of the population, such as disease.  

Swarming behavior. Behavior exhibited by mating bats at the entrances of hibernacula whereby 
large numbers of bats fly in and out of the cave entrances from dusk to dawn, but relatively few 
bats roost inside the cave during the day. 

Swarming period. The period when migratory bats return to the vicinity of a hibernaculum and 
exhibit swarming behavior; also the period when mating occurs.  
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Switchyard. A facility where electricity from the electrical generator is transferred to the electric 
grid, usually enclosed and located in an area close to the power generating facility or plant. 

Take. ESA defines take as “…to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 
collect or attempt to engage in any such conduct.” (ESA §3(19).  

Telemetry. The tracking of an animal by radio waves emitted from a device attached to the 
animal’s body.  

Temporary impact. In the context of the MWE, temporary impacts are effects of Covered 
Activities that alter the behavior of a Covered Species for the short duration of a temporary 
activity (e.g., an individual avoids foraging in a patch of habitat during the period of time that 
heavy equipment is being operated in the habitat patch); alter the habitat conditions that support 
Covered Species for a short period following implementation of the activity; or alter the 
functions of habitat for Covered Species for a short duration following implementation of the 
activity. Impact mechanisms that result in temporary effects on Covered Species include 
disturbances, such as noise and lighting, associated with the operation of construction equipment. 

Thermoregulation. The regulation of body temperature by a species.  

Thermoregulatory costs. The energetic expenditure of thermoregulation. 

Threat (Covered Species). Something or some aspect that may cause injury or death to an 
individual of a species. 

Threatened species. Defined in the ESA as “...any species which is likely to become an 
endangered species within the foreseeable future throughout all or a significant portion of its 
range” (section 3[19]).  

Torpor. Dormancy in a hibernating or estivating animal. 

Tower (wind energy development). The base structure that supports and elevates a wind 
turbine rotor and nacelle. 

Transmission/interconnection lines. Overhead electric lines that route power generated by a 
wind energy facility between the facility substation and the interconnect facility.  

Travel corridor. A pathway used by animals to move from one habitat to another. 

Turbine (wind). A device for converting the flow of a fluid (air, steam, water, or hot gases) into 
mechanical motion that can be utilized to produce electricity. 

Turbine maintenance activities. Repairs and maintenance of the turbine itself and the 
associated infrastructure (e.g., roads, transmission lines, road surfaces and culverts), including 
mowing activities and building inspections and repairs.  
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Turbine pad. Flat, well graded and compacted areas constructed of crushed rock at the base of 
the wind turbine.  

Unforeseen circumstances. The USFWS defines unforeseen circumstances as those “changes in 
circumstances affecting a species or geographic area covered by a conservation plan that could 
not reasonably have been anticipated by the plan developers and the [USFWS and NMFS] at the 
time of the conservation plan’s negotiation and development and that result in a substantial and 
adverse change in the status of a Covered Species”12. Under ESA regulations, if unforeseen 
circumstances arise during the term of the MWE, USFWS may “not require the commitment of 
additional land, water, or financial compensation, or additional restrictions on the use of land, 
water, or other natural resources beyond the level otherwise agreed upon for the species covered 
by the conservation plan” unless the MWE Permittees consent.13  

Unoccupied (habitat). Habitat that exhibits all the elements necessary for a species, but the 
species is not currently present. 

Vegetation/vegetative community. A natural or artificial terrestrial community defined by the 
dominant vegetation and the vegetation structure.  

White-nose syndrome (WNS). A disease in bats characterized with high fatality rates (from 30 
percent to 99 percent mortality) in bats, and associated with the presence of the fungus 
Pseudogymnoascus destructans, particularly on the exposed tissues (e.g., muzzles, faces, ears, 
and wings) of affected bats, and where infected bats exhibit aberrant behavior (such as chronic 
arousals) leading to loss of winter fat stores, pneumonia, starvation, and the disruption of 
hibernation and feeding cycles. 

Wind resource. The wind energy available for use based on historical wind data, topographic 
features, and other parameters. 

Wind speed. The rate at which air particles move through the atmosphere, commonly measured 
with an anemometer. 

Wind turbine. A machine that captures the force of the wind. Also called a wind generator when 
used to produce electricity.  

Wind vane. A device used to measure wind direction. 

Winter range. Where a species typically occurs during the winter.  

Wintering. For an animal to spend the winter in a particular locale. 

Yaw. To rotate around a vertical axis, such as a turbine tower. The yaw drive is used to keep a 
turbine rotor facing into the wind as the wind direction changes. 
                                                 
12 50 CFR §17.3, 50 CFR §222.102. 
13 50 CFR §17.22(b)(1)(5)(iii); 50 CFR §222.307(g)(3)(iii). 
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